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Filed Sept. 28, 1964, Ser. No. 399,457 
8 Claims. (C. 195-80) 

This invention relates to a fermentor and more particu 
larly to a microfermentor for cultivating microorganisms. 
The microfermentor of the invention comprises an 

open-ended rigid cylinder, the ends of which are covered 
With a membrane permeable to respiratory gases but rela 
tively impermeable to water. Advantageously, the mem 
brane is a polymeric or plastic membrane. 
A major effort in fermentation development work con 

cerns studies designed to improve yields of existing fer 
mentation processes. Two of the available procedures 
used to obtain higher product yields are (1) a study of 
the influence of nutrients, e.g., sources of carbon, nitro 
gen, vitamins and growth factors, etc., on microbial 
growth and yield of desired products, and (2) the testing 
of mutant strains to find those that produce the desired 
product in high yield. At present both of these opera 
tions are generally carried out in shake flask fermentors. 
A typical procedure would involve inoculation of 100 ml. 
of sterile nutrient medium in a 500 ml. conical flask foll 
lowed by incubation on a shaking machine to provide 
mixing and to aid oxygen transfer. At the completion of 
the fermentation the broth is assayed. This overall pro 
cedure, because of the size of the flask used, requires ex 
tensive shaker capacity and laborious handling and clean 
ing procedures. 

Further, the shaker flasks employed in the above-de 
scribed procedure are generally stoppered with a porous 
material, such as cotton, to enable gases to pass in and 
out of the fermentation flask. It is difficult to gauge ac 
curately the movement of gases through a flask stoppered 
in Such a manner. 
The microfermentor of the present invention, which uti 

lizes a gas-to-liquid transfer mechanism, overcomes the 
problems incurred with the use of a shake flask fermentor. 
The microfermentor, described herein, can vary in size 

to contain from 1 ml. (or even less) to 100 ml. of nutrient 
medium. Thus, the small size of the microfermentor per 
mits the use of less shaker capacity than that needed for 
the shake flask fermentor. 
The cylinder of the microfermentor can be made of 

materials such as glass, plastic, steel, and iron. For 
economy, and ease of operation, a rigid plastic cylinder 
is preferred. By using a rigid plastic cylinder, it is possi 
ble to discard the fermentor after a single use without in 
curring much expense. 

Permeable membranes which can be employed in the 
practice of this invention are those that are heat steriliza 
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ble, e.g., tetrafluoroethylene, silicone rubber, natural rub 
ber, and polypropylene, as they offer obvious advantages 
over those that are not heat sterilizable, e.g., polyethylene, 
although those of the latter group could be sterilized by 
other means. Other qualities such as being non-toxic, 
strong, durable, and relatively thin are also desirable. 
Suitable membranes which can be used are Cohrlastic 
number 2804 and number 3010, which are manufactured 
by Connecticut Hard Rubber Company and consist of sili 
cone rubber coated fabric, Teflon which is a trade name 
for polyfluoroethylene resin manufactured by Dupont, 
and Pliofilm which is a rubber hydrochloride manufac 
tured by Goodyear Tire and Rubber Company. These 
are merely exemplary of the permeable membranes which 
can be utilized in practicing this invention. There are 
many others which can be readily obtained from the var 
ious chemical and rubber manufacturing companies. 
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2 
The use of a polymeric or plastic membrane which is 

permeable to respiratory gases but relatively impermeable 
to liquids, such as fermentation medium, is a substantial 
advance over the cotton stoppers generally used in shake 
flask fermentors. 

Further, the use of a permeable membrane on both ends 
of the microfermentor cylinder introduces a novel and 
useful technique in fermentation technology. Hereto 
fore, the use of membranes on both ends of a cylindrical 
fermentor has never been considered by those in the 

The introduction of this novel micro 
fermentor, therefore, holds promise as leading to unheard 
of procedures for control of gases through a fermentor. 
By selection of a suitable membrane material, it is 

possible to control the oxygen supply rate to the culture 
at a desired level and/or to control the release of carbon 
dioxide from the microfermentor at a desired level. The 
rate of oxygen transferred to the fermentation medium 
also can be altered by changing the partial pressure of 
oxygen in the gas phase surrounding the microfermentor. 
The rate of oxygen transfer across the membrane is 

directly proportional to (1) the thickness of the mem 
brane and (2) the partial pressure of oxygen in the gas 
phase. Accordingly, to obtain a desired oxygen transfer 
rate, either of these factors can be varied within fairly 
wide limits. Teflon membrane thickness can vary from 
0.25 mill to 5 mill using air at atmospheric pressure as a 
source of oxygen; or from 1.0 to 25 mill using pure oxy 
gen gaS. 
The microfermentor of the present invention can be 

used in any fermentation of microorganisms; this will in 
clude the filamentous and nonfilamentous microorganisms 
as well as the anaerobic and aerobic fermentations. 
FIGURE 1 is an elevation of the microfermentor; 
FIGURE 2 is a comparison of novobiocin yields in 

shake flasks and microfermentors; 
FIGURE 3 is a comparison of novobiocin yields pro 

duced by certain strains of Streptomyces niveous in shake 
flasks and microfermentors. 

In FIGURE 1 there is shown a microfermentor which 
comprises a cylinder having a circular cross-section and 
mounted with its longitudinal axis in a substantially verti 
cal position. The axial length of said cylinder 1 advanta 
geously being greater than the diameter thereof. The cyl 
inder is sealed at one end with a membrane barrier 2, 
such as Teflon. An adhesive 3 such as Dow Corning 
269 can be used to seal the membrane barrier 2 to the 
cylinder 1. The opposite end of cylinder 1 is covered 
with another membrane barrier 4, such as Teflon, held in 
a retaining ring 5 by means of a gasket 6. Each end of 
the cylinder 1 is expanded to form a shoulder 7. 
The retaining ring 5 is preferably made from a metal 

such as aluminum which is soft enough to crimp over 
the shoulder of the cylinder. The gasket 6 can be made 
of any material, preferably heat sterilizable, which is com 
monly used in biological wares. Gaskets made of Teflon 
are used extensively and would be suitable for this pur 
pose. 
The following examples are illustrative of the perform 

ance of the microfermentor of the invention as compared 
with a conventional shake flask fermentor. Though these 
examples illustrate the use of the microfermentor on anti 
biotic fermentations, this should not be construed as limit 
ing the application of the microfermentor to such fer 
mentations. 

Example I 

To compare the performance of the microfermentor 
with a conventional shake flask fermentor, novobiocin 
fermentations were conducted in each using the follow 
ing procedure: Two different nutrient media (A and B) 



3,301,769 
3. 

were prepared. Medium A consisted of the following 
ingredients: 

G./liter 
Glucose monohydrate -------------------------- 20 
Peanut meal ---------------------------------- 10 
Soy protein concentrate ------------------------ 10 
The presterilization pH was 7.0. Medium B consisted 

of the following nutrients: 
G./liter 

Glucose monohydrate -------------------------- 40 
Distillers' solubles ----------------------------- 40 
Tap water q.s. to 1 liter. 

Presterilidation pH was adjusted to pH 8.0-8.2. With 
50% sodium hydroxide. 
The media were diluted to several different strengths 

and 100 ml. of each medium (A and B) was dispensed 
to individual 500 ml. stippled shake flasks. The flasks 
were closed with a layer of three milk discs and sterilized 
at 15 p.s.i.g. steam pressure for 20 min. After cooling, 
1 ml. samples were removed aseptically from the shake 
flasks and added to each of a series of glass microfer 
mentors, using 0.25 mil Teflon as the membranes. The 
nutrient media in the microfermentors and shake flasks 
were inoculated by sterile wire loops with a mixture of 
spores and mycelium of a culture of Streptomyces niveus, 
NRRL 2466. The aluminum retaining ring on the top 
of the microfermentor was then crimped mechanically 
over the shoulder of the microfermentor. After incuba 
tion for 7 days at 28° C. on a rotary shaker operated 
at 260 rp.m. with 14 in. radius throw, all fermentations 
were assayed for novobiocin. The results are shown in 
FIGURE 2, 

Example 2 
The ability of different strains of Streptomyces niveus 

to produce novobiocin in microfermentors and shake flask 
fermentors was tested. The procedures for sterilization, 
inoculation, and incubation, were the same as those given 
in Example 1. The microfermentors were formed from 
rigid plastic material and the membranes were 0.25 mil 
Teflon. The fermentation medium used was 10% of full 
strength medium B. The results shown in FIGURE 3 
show a reasonable correlation between the novobiocin 
yields obtained in the microfermentors and in shake flask 
fermentors. The low-yielding strains in the microfer 
mentor were also low-yielding in shake flasks, and the 
high-yielding strains in the microfermentors were also 
high-yielding in shake flasks. These data show that mi 
crofermentors can be used to replace shake flask fer 
mentors for screening strains for novobiocin production. 

I claim: 
1. A microfermentor for cultivating microorganisms 

in a liquid nutrient medium which comprises (a) an 
open-ended rigid solid wall cylinder having a liquid ca 
pacity of from 1 to 100 ml., and, (b) a membrane, 
having a thickness of from 0.25 mill to 25 mil, permeable 
to respiratory gasses, but relatively impermeable to fer 
mentation liquids, covering both ends of said cylinder. 

2. A microfermentor, as described in claim 1, wherein 
the open-ended rigid cylinder consists of plastic. 
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4. 
3. A microfermentor, as described in claim 1, wherein 

the open-ended rigid cylinder consists of glass. 
4. A microfermentor, as described in claim 1, com 

prising an open-ended glass cylinder having shoulders 
formed on each end, a membrane, permeable to respira 
tory gasses but relatively impermeable to fermentation 
liquids, sealed across one end, and a second membrane, 
permeable to respiratory gasses but relatively impermeable 
to fermentation liquids, disposed across the other end and 
held in place by retaining means. 

5. In a microfermentor, as described in claim 1, where 
the membrane barrier is polyfluoroethylene. 

6. A process for the cultivation of microorganisms in 
a liquid nutrient medium which comprises adding liquid 
nutrient medium to a rigid cylindrical microfermentor, 
which comprises (a) an open-ended rigid solid wall cylin 
der having a liquid capacity of from 1 to 100 ml., and 
(b) a membrane, having a thickness of from 0.25 mil 
to 25 mil, permeable to respiratory gasses, but relatively 
impermeable to fermentation liquids, covering both ends 
of said cylinder; by aseptically inoculating said medium 
with a desired microorganism and incubating said micro 
fermentor for a time sufficient to allow the growth of 
said microorganism. 

7. A process for the production of an antibiotic by 
a fermentation which comprises cultivating the antibiotic 
producing microorganisms in a rigid cylindrical micro 
fermentor, which comprises (a) an open-ended rigid solid 
wall cylinder having a liquid capacity of from 1 to 100 
ml., and (b) a membrane, having a thickness of from 
0.25 mill to 25 mil, permeable to respiratory gasses, but 
relatively impermeable to fermentation liquids, covering 
both ends of said cylinder; permitting the antibiotic to 
accumulate and assaying for said antibiotic. 

8. A process for finding high yielding strains of anti 
biotic-producing microorganisms which comprises culti 
Vating various microorganism strains in a rigid cylindri 
cal microfermentor which comprises (a) an open-ended 
Tigid solid wall cylinder having a liquid capacity of from 
1 to 100 ml., and (b) a membrane, having a thickness 
of from 0.25 mill to 25 mil, permeable to respiratory 
gasses, but relatively impermeable to fermentation liquids, 
covering both ends of said cylinder; and determining the 
presence of said high yielding strains. 
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