CLOSTRIDIUM BEIJERINCKII, USE THEREOF, AND METHOD OF PRODUCING
BUTANOL

Field of the Invention
The present invention belongs to the technical field of microbes, in particular to a Clostridium
beijerinckii that can be used to produce butanol, uses thereof, and a method for producing butanol

by using the C. beijerinckii.

Background of the Invention

Butanol is an important raw material in the organic chemical industry, and is widely applied in
industrial sectors, including chemical industry, pharmaceutical, and petroleum sectors, etc. In
addition, owing to the fact that butanol has two more methylene than ethanol, butanol has higher
hydrophobicity and lower volatility, can be mixed with gasoline at any ratio, and has a heat value
comparable to that of gasoline. As a renewable biological source that is a potential substitute for
gasoline, butanol receives more and more attention in the countries around the world.

The butanol production processes mainly include chemical synthesis process and microbial
fermentation process. As the petroleum resources are depleted increasingly, it is more and more
difficult to produce butanol from petroleum through a method using propylene as raw material by
hydroformylation. Moreover, for a long time, the supply of butanol in the market in China is
inadequate and can't meet the demand owing to insufficient productive capacity as a result of
out-of-date technology and small scale of installations. The microbial fermentation process for
producing butanol shows unique advantages, and the present situation of inadequate supply of
butanol will be alleviated greatly if bio-butanol techniques are developed.

The main products of acelone-butanol fermentation (ABF) are acetone, butanol and ethanol, at a
concentration ratio of 3:6:1. All conventional acelone-butanol fermentation processes have the
following problems: (1) the strains for conventional fermentation must be cultured and ferment
under a strict anaerobic condition, air may invade and consequently the strains can't grow normally
if there is any improper operation; therefore, usually an inert gas (e.g., N2) has to be introduced in
the fermentation process to maintain an oxygen-free environment, which result in a high energy
consumption; (2) the yield ratio of butanol is low (only about 20wt%), thus the raw material cost in
the butanol fermentation process is high, and the development of the butanol fermentation industry
is limited; (3) the fermentation products include 40wt% byproducts (e.g., acetone and ethanol, etc.)

besides butanol, and consequently the difficulty of product separation is increased, resulting in
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increased energy consumption.

Wherein, the problem of strains and raw material is always a bottleneck that hampers butanol
fermentation. In recent years, many researches on butanol production through fermentation of
fibrous raw materials have been made in different countries, mainly focusing on strain mutagenesis
and breeding, seeking for proper fibrous raw materials and preparation of sugar solutions thereof,
optimization of fermentation process, and solvent extraction, etc. At present, the strains for butanol
production used in the industry are mainly Clostridium acetobutylicum and C. beijerinckii, which
have a similar metabolism path, and the products are mainly categorized into three types: 1)
solvents (acetone, ethanol and butanol); 2) organic acids (acetic acid, lactic acid and butanoic acid);
3) gasses (including carbon dioxide and hydrogen, etc.). The economic competitiveness of ABE (i.e.,
solvents) can be further improved by recycling the hydrogen in the products. However, the
generation of the byproducts (e.g., acetone and ethanol, etc.) consumes the limited carbon metabolic
flow, decreases the proportion of butanol in the products, and increases the difficulties in butanol
recovery.

CN102162001A has provided a method for producing butanol through anaerobic fermentation
utilizing Clostridium acetobutylicum, in which C. acetobutylicum XY16, C. acetobutylicum
AS1.134, or C. acetobutylicum AS1.135 is used as a fermentation strain (strict anaerobe), glucose is
used as a substrate, at 60g/L initial glucose concentration, the pH is regulated and controlled in the
acid generation stage and alcohol generation stage of C. acetobutylicum while N, is introduced to
maintain an strict anaerobic environment in the fermentation tank, the yields of total solvent and
butanol are 19.20-19.65¢/L and 11.43-12.30g/L respectively, the butanol selectivity is 58.2-63.1%,
the yield ratio of the solvent is 32.0-32.8%, and the yield ratio of the butanol is 19.1-20.5%.
However, that method requires a strict anaerobic environment for fermentation and involves a risk
that the strain can't grow normally because of incomplete deoxidization; in addition, the contents of
byproducts (e.g., acetone and ethanol) are high in the fermentation products, and consequently the
load of butanol recovery in the follow-up procedures is high, as well as the energy consumption.
CN102719371A has disclosed a C. beijerinckii Y-3 for producing butanol, which is a mutant strain
(strict anaerobe) obtained through mutagenesis of an original strain C. beijerinckii NCIMB 8052 with
ethylmethane sulfonate (EMS), and can be used to produce bio-butanol from xylose cinder; when
enzymatic hydrolysate of xylose cinder is used as a carbon source, the yield of total solvent is 16g/L,
the yield of butanol is 8.2g/L, the content of acetone is 6.8g/L, and the content of ethanol is 1.0g/L.
Though the problem that the strains are not capable enough and the raw materials are insufficient for
producing butanol through the conventional biological fermentation process is solved by utilizing the

strain described above, the fermentation process has to be executed in a strict anaerobic environment
2



too; in addition, some drawbacks, including high butanol recovery load in the follow-up procedure
and high energy consumption, etc., still exist, because of high content of byproducts (e.g., acetone and

ethanol, etc.) in the fermentation products.

Summary of the Invention

To overcome the above-mentioned drawbacks in the prior art, the present invention provides a
novel strain of C. beijerinckii that can be used to produce butanol, a use thereof, and a method for
producing butanol utilizing the C. beijerinckii. This strain can grow and ferment to produce butanol
under a facultative anaerobic condition, and the present invention has advantages including high
butanol yield and yield ratio, and less byproducts (e.g., acetone and ethanol), etc.

To attain the object described above, through numerous experiments, the inventor of the present
invention obtains a strain of C. beijerinckii, which has strong oxygen tolerance, can grow normally
under a facultative anaerobic condition, and achieves high butanol yield and yield ratio, when it is
used to produce butanol through fermentation; in addition, there is nearly no byproduct (e.g.,
acetone and ethanol, etc.) in the fermentation products.

Therefore, in a first aspect, the present invention provides a strain of C. beijerinckii, which has been
deposited in China General Microbiological Culture Collection Center and numbered as CGMCC
No. 9124.

In a second aspect, the present invention provides a use of the C. beijerinckii in butanol production.

In a third aspect, the present invention provides a method for producing butanol, which comprises:
inoculating the C. beijerinckii into a fermentation medium for fermenting cultivation to produce
butanol.

The C. beijerinckii having deposit number CGMCC No. 9124 in the present invention belongs to
facultative anaerobic bacteria, can grow normally under conditions of pH=4-9 and temperature =
20-42°C, and has strong oxygen tolerance in the fermentation process for butanol production.
Therefore, it is unnecessary to add any deoxidizer into the culture medium or introduce N, and/or
any other inert gas to maintain an anaerobic environment during the entire process; thus, the
deoxidization step in the conventional anaerobic fermentation process is omitted, a phenomenon
that the strain can't grow normally as a result of incomplete deoxidization is avoided, and the energy
consumption is reduced. In addition, through fermentation under a facultative anaerobic condition
with the C. beijerinckii disclosed in the present invention, the butanol yield and yield ratio are high,
and there is nearly no byproduct (e.g., acetone and ethanol, etc.) in the obtained fermentation
products, the butanol recovery load in the follow-up procedures is alleviated, and the energy

consumption for separation is reduced. Moreover, the C. beijerinckii can ferment under an
3



anaerobic condition to produce butanol.
Other features and advantages of the present invention will be further detailed in the embodiments

hereunder.

Biological Deposition

The C. beijerinckii disclosed in the present invention was deposited in China General
Microbiological Culture Collection Center (CGMCC, address: Institute of Microbiology, Chinese
Academy of Sciences, Building 3, No.1 West Beichen Road, Chaoyang District, Beijing, postal
code: 100101) on May 4, 2014 and numbered as CGMCC No. 9124,

Description of the Embodiments

Hereunder some embodiments of the present invention will be detailed. It should be understood that
the embodiments described here are only provided to describe and explain the present invention, but
shall not be deemed as constituting any limitation to the present invention.

The ends points and any value in the ranges disclosed in the present invention are not limited to the
exact ranges or values; instead, those ranges or values shall be comprehended as encompassing
values that are close to those ranges or values. For numeric ranges, any values between the end
points of the ranges, the end points of the ranges and the discrete point values, and the discrete point
values may be combined to obtain one or more new numeric ranges, which shall be deemed as
having been disclosed specifically in this document.

In a first aspect, the present invention provides a strain of C. beijerinckii, having deposit number
CGMCC No. 9124.

The C. beijerinckii described in the present invention belongs to gram-positive bacteria, with
rod-shaped cell morphology, and can generate spore. It is identified through physiological and
biochemical identification as catalase negative, oxidase negative, and nitrate inassimilable. The

specific physiological and biochemical characteristics are shown in Table 1.

Table 1
Test item Result Test item Result Test item Result
Cell morphology sﬁsge Gram staining Positive Sporulation +
Growat15 °C - Catalase - Oxidase -
4% NaCl - pH5.0 + Nitrate reduction -




API 50CH

Glycerol - Inositol - Inulin
Erythritol - Mannitol - Melizitose
D-arabinose - Sorbitol - Raffinose
L-arabinose - a-methyl-D-mannoside - Starch
D-ribose + a-methyl-D-glycoside + Glycogen
D-xylose - N-acetyl-glucosamine + Xylitol
L-xylose + Amygdalin + Gentiobiose
Adonitol - Arbutin + D-turanose
B-methyl-D-xyloside - Esculin + D-lyxose
D-galactose + Salicin + D-tagatose
D-glucose + Cellobiose + D-fucose
D-fructose + Maltose + L-fucose
D-mannose + Lactose - D-arabitol
L-sorbose - Melibioze - L-arabitol
L-rhamnose - Sucrose + Gluconate
Galactitol - Trehalose + 2-keto-gluconate

Note: "+" represents positive reaction or usable; "-" represents negative reaction or unusable

Total DNA of strain is extracted from the C. beijerinckii, and 16S rRNA sequence analysis is carried
out. The 16S rDNA sequence is shown by SEQ ID NO: 1. The C. beijerinckii is named as XH0906,

deposited in China General Microbiological Culture Collection Center, and numbered as CGMCC

No. 9124.

The C. beijerinckii described in the present invention belongs to facultative aerobe (i.e., facultative
anaerobe), and can grow well under conditions of pH=4-9 and temperature = 20-42°C. When it is
cultured and ferments under a facultative anaerobic condition, butanol can be obtained at a high
yield ratio, and there is nearly no acetone and ethanol in the fermentation products; in addition, the
C. beijerinckii can ferment under an anaerobic condition (strict anaerobic condition) to produce

butanol.




In a second aspect, the present invention provides a use of the C. beijerinckii in butanol production,
especially in butanol production through fermentation under a facultative anaerobic condition.

In a third aspect, the present invention provides a method for producing butanol, which comprises:
inoculating the strain of C. beijerinckii disclosed in the present invention into a fermentation
medium for fermentation to produce butanol.

In the butanol production method disclosed in the present invention, the fermentation may be
executed under an anaerobic condition (strict anaerobic condition) or facultative anaerobic
condition, preferably under a facultative anaerobic condition.

In the butanol production method disclosed in the present invention, preferably, the facultative
anaerobic condition is created by a method including: no deoxidizer is added into the culture
medium, and no N and/or inert gas is introduced to maintain an anaerobic environment during the
cultivation. That is to say, in the present invention, the facultative anaerobic condition means that it
IS unnecessary to add any deoxidizer (e.g., sodium hydrosulfite, etc.) into the culture medium or
introduce N, and/or inert gas to maintain an anaerobic environment during the cultivation
(including seed cultivation and fermentation). Generally, the change of partial pressure of oxygen in
the cultivation environment under the facultative anaerobic condition is as follows: the pressure in
the fermentation tank is atmospheric pressure in the fermentation process; the partial pressure of
oxygen in the fermentation tank is 20%z=1% in the initial fermentation state, drops and may drop to
0 since large quantities of CO, and hydrogen are generated as the fermentation proceeds, and rises
as the generated gasses are reduced in the late stage of fermentation.

In the butanol production method disclosed in the present invention, preferably, the conditions of
the fermentation include: fermentation temperature: 20-42°C, more preferably 28-42°C, most
preferably 32-38°C.

Preferably, the conditions of the fermentation further include: fermentation time: 48-120h, more
preferably 60-80h. The specific fermentation time may be determined according to the specific
fermentation conditions.

Preferably, the fermentation is performed under stirring condition, and more preferably, the stirring
rate is 50-200rpm.

Preferably, the conditions of the fermentation further include: pH: 4-9, more preferably 5-7.
Wherein the initial pH of the fermentation medium is 5.5-8.5, preferably is 6-8. Furthermore, the
inventor of the present invention has found during the research: in the fermentation process, the pH
of the fermentation broth drops firstly (may drop to 4-5) and then rises as the fermentation proceeds.
After the pH of the fermentation broth drops from the initial pH of the culture medium to any value



within a range of 5.5-6.5, the pH of the fermentation broth is controlled to remain within the range
of 5.5-6.5 until the end of fermentation, thus the yield and yield ratio of butanol can be further
improved. Therefore, to further improve the yield and yield ratio of butanol, preferably, during the
fermentation process, after the pH of the fermentation broth drops to any value within the range of
5.5-6.5, the pH of the fermentation broth is controlled to be 5.5-6.5 (within this range or at a
specific value within this range) until the end of fermentation.

According to a preferred embodiment of the present invention, the conditions of the fermentation
include: fermentation temperature: 28-42°C, more preferably 34-38°C; the pH is a natural value in
the initial fermentation stage; and is controlled to 4-7, more preferably 5-6, after logarithmic phase;
fermentation time: 72-120h. Generally, the C. beijerinckii disclosed in the present invention can
enter into the logarithmic phase after it is cultivated under above-mentioned fermentation conditions
for 12-36h. Wherein, the logarithmic phase may be judged by detecting ODggo value of the
fermentation broth (i.e., light absorption value at 600nm wavelength), and usually the ODgo value
in logarithmic phase is 1-5.

In the butanol production method disclosed in the present invention, there is no particular restriction
on the specific fermentation process, as long as the conditions of fermentation described above are
met. In other words, the fermentation process may be any fermentation process commonly used in
the art, such as batch fermentation, batch-fed fermentation, continuous fermentation, in-situ
extractive fermentation, or in-situ gas extractive fermentation, etc. The specific operation steps of
each process are well known to those skilled in the art and will not be detailed further here.

The butanol production method disclosed in the present invention further comprises: performing
strain activating cultivation and seed cultivation successively before the fermentation. The
activating cultivation is to inoculate the strain in deposited state into a suitable culture medium and
cultivate therein, to recover the fermentability of the strain. The purpose of the seed cultivation is to
obtain pure and vigorous cultures, i.e., obtain cultures of the fermentative bacteria that is vigorous
and in a quantity enough for inoculation. Wherein, there is no particular restriction on the strain
activating cultivation and seed cultivation. In other words, the strain activating cultivation and seed
cultivation may be performed under different cultivation conditions commonly used in the art.
Preferably, the strain activating cultivation in the present invention is performed under an anaerobic
condition, and the seed cultivation is performed under a facultative anaerobic condition.

Preferably, the method for producing butanol comprises:

(1) inoculating the C. beijerinckii into a solid culture medium, and culturing at 28-42°C for

12-48h under an anaerobic condition;



(2) inoculating the C. beijerinckii cultured in step (1) into a seed culture medium, and statically
culturing at 28-42°C under a facultative anaerobic condition for 12-48h, to obtain a seed
solution;

(3) inoculating the seed solution obtained in step (2) in an inoculum size of 2-20vol% into a
fermentation medium, and performing the fermentation under a facultative anaerobic
condition. The specific conditions of fermentation have been described above, and will not be
detailed repetitively.

In the butanol production method disclosed in the present invention, preferably, the fermentation
medium comprises carbon source, nitrogen source, inorganic salt and vitamin, and the initial pH of
the fermentation medium is 5.5-8.5, more preferably 6-8.
There is no particular restriction on the carbon source. In other words, the carbon source may be
any carbon source commonly used in the art, such as at least one of saccharide, starch and
lignocellulose raw materials, etc.; preferably, the carbon source is one or more of glucose, xylose,
galactose, mannose, fructose, maltose, cellobiose, glucose oligosaccharide, and
xylo-oligosaccharide. To further improve the yield and yield ratio of the butanol, more preferably,
the carbon source is glucose and/or xylose, most preferably glucose.
There is no particular restriction on the nitrogen source. In other words, the nitrogen source may be
any nitrogen source commonly used in the art; preferably, the nitrogen source includes an organic
nitrogen source and an inorganic nitrogen source, wherein, the organic nitrogen source is one or
more of beef extract, yeast extract, peptone, corn steep liquor and soybean meal hydrolysate; to
further improve the yield and yield ratio of the butanol, more preferably, the organic nitrogen source
is one or more of soybean meal hydrolysate, peptone and beef extract, most preferably is peptone
and beef extract. Preferably, the inorganic nitrogen source is one or more of ammonium acetate,
sodium nitrate, and ammonium sulfate; to further improve the yield and yield ratio of the butanol,
more preferably, the inorganic nitrogen source is ammonium sulfate and/or ammonium acetate,
most preferably ammonium sulfate.
There is no particular restriction on the inorganic salt. In other words, the inorganic salt may be any
inorganic salt commonly used in the art; preferably, the inorganic salt is one or more of dipotassium
hydrogen phosphate, potassium dihydrogen phosphate, sodium hydrogen phosphate, sodium
dihydrogen phosphate, sodium chloride, ferrous sulfate, ferric sulfate, magnesium sulfate, calcium
chloride, and manganese sulfate. Wherein, the introduction of the phosphate can attains an effect of
buffering the pH.

Preferably, the vitamin is one or more of vitamin B1, biotin, and para-aminobenzoic acid.

Preferably, on the basis of 1L fermentation medium, the dose of the carbon source is 20-60g, more
8



preferably 40-50g; the dose of the organic nitrogen source is 1-20g, more preferably 10-18g; the
dose of the inorganic nitrogen source is 0.1-10g, more preferably 0.5-5g; the dose of the inorganic
salt is 0-10g, more preferably 2.5-5g; the dose of the vitamin is 0-0.2g, more preferably 0.04-0.12g.

The inventor of the present invention has further found through numerous experiments: on the basis
of 1L fermentation medium, if the culture medium contains 40-50g glucose, 8-12g peptone, 4-8¢
beef extract, 0.6-1.2g ammonium sulfate, 0.25-0.75g sodium chloride, 0.05-0.2g ferric sulfate,
0.15-0.45g magnesium sulfate, 0.05-0.15g calcium chloride, 0.5-4g potassium dihydrogen
phosphate, 1-4g sodium hydrogen phosphate, 0.01-0.06g para-aminobenzoic acid, 0.01-0.06g
vitamin B1 and 0.001-0.006g biotin, the yield and yield ratio of the butanol can be further improved.
Therefore, preferably, on the basis of 1L fermentation medium, the fermentation medium contains
40-50g glucose, 8-12g peptone, 4-8g beef extract, 0.6-1.2g ammonium sulfate, 0.25-0.75g sodium
chloride, 0.05-0.2g ferric sulfate, 0.15-0.45g magnesium sulfate, 0.05-0.15g calcium chloride,
0.5-4g potassium dihydrogen phosphate, 1-4g sodium hydrogen phosphate, 0.01-0.06g
para-aminobenzoic acid, 0.01-0.06g vitamin B1, and 0.001-0.006g biotin.

In the butanol production method disclosed in the present invention, the composition of the seed
culture medium may be the same as that of the fermentation medium, and a solid culture medium
may be prepared by adding 1-2wt% agar to the liquid culture medium (e.g., the fermentation
medium); however, the present invention is not limited to that. Those skilled in the art can
appreciate: any other conventional culture medium that can be used for the activating cultivation

and seed cultivation is within the scope of the present invention.

Examples

Hereunder the present invention will be further detailed in examples, but the present invention is
not limited to those examples.

Unless otherwise specified, the experimental methods in the following examples are conventional
methods in the art. Unless otherwise specified, the experimental materials used in the following
examples are obtained by purchasing from stores of conventional biochemical reagents.

The method for preparing soybean meal hydrolysate comprises: weighing soybean meal in an
appropriate quantity, adding water in a quantity equal to 5 times of the mass of the soybean meal,
and mixing the materials to a homogenous state; adding concentrated sulfuric acid at 98% mass
concentration in volume equal to 2% of the volume of water, and mixing the materials into a
homogeneous state quickly to avoid partial carbonization of the materials; introducing vapor to heat
up to the mixture to 100°C, holding at the temperature for 20h while stirring for 5min per hour.

After the hydrolysis is finished, soybean meal hydrolysate in garnet-red color with a fruity smell is
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obtained.

The products and byproducts in the fermentation broth are analyzed with a liquid chromatograph, to
calculate the concentrations of the main constituents. The liquid chromatograph is Agilent 1200, the
chromatographic column is HPX-87H (300mmx7.8mm), the flowing phase is 0.005mol/L H,SO, at

0.6ml/min flow rate, the column temperature is 65°C, the detector is a refractive index detector
(Agilent 1200), the detector temperature is 45°C, and the sample size is 5SuL.

Yield ratio of butanol = concentration of butanol obtained through fermentation / (concentration of
glucose before fermentation - concentration of glucose after fermentation).

Example 1

This example is provided to describe the method of producing butanol through fermentation under a
facultative anaerobic condition with the C. beijerinckii having deposit number CGMCC No. 9124 in
the present invention.

Composition of the liquid culture medium (including seed culture medium and fermentation
medium): 10g/L peptone, 6g/L beef extract, 45g/L glucose, 0.5g/L sodium chloride, 0.9g/L
ammonium sulfate, 0.1g/L ferric sulfate, 0.3g/L magnesium sulfate, 0.1g/L calcium chloride, 1g/L
potassium dihydrogen phosphate, 2g/L sodium hydrogen phosphate, 0.04g/L para-aminobenzoic
acid, 0.04g/L vitamin B1, and 0.004g/L biotin, pH=7.0, and the medium is sterilized at 121°C for
15min. The solid culture medium is prepared by adding 1wt% agar to the liquid culture medium.
The method for producing butanol through fermentation under a facultative anaerobic condition with
the C. beijerinckii is as follows: (1) the C. beijerinckii is inoculated on a slant surface of the solid
culture medium, and cultivated in an anaerobic environment at 30°C for 24h; (2) two rings of the C.
beijerinckii cultivated in step (1) are scraped off from the slant surface and then inoculated into a seed
culture medium disposed in a shaking flask, and cultivated in a static state at 35°C for 24h, without
adding any deoxidizer or introducing N, to maintain an anaerobic environment; thus, a seed solution
is obtained; (3) the seed solution cultivated in step (2) is inoculated in 10vol% inoculum size into 3L
liquid fermentation medium disposed in a 5L fermentation tank, and fermentation cultivating at 37°C
while it is stirred at 150r/min stirring rate, without adding any deoxidizer or introducing N, to
maintain an anaerobic environment; as the fermentation proceeds, the pH of the fermentation broth
drops firstly, and then rises; after the pH of the fermentation broth drops from the original pH=7.0 to
pH=6.0, 10M NaOH solution is added by batch feeding, to control the pH of the fermentation broth at
6.0 until the end of the fermentation. As indicated by the detection result, after 72h fermentation, the

concentration of residual glucose in the fermentation broth is 9.67g/L, the concentration of acetone is
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0.04g/L, the concentration of ethanol is 0.02g/L, the concentrations of butanol, acetic acid, and

butanoic acid are 10.17g/L, 0.56g/L, and 0.42g/L respectively, and the yield ratio of butanol is
28.79%.

Example 2

The method described in example 1 is used, but the glucose, peptone or ammonium sulfate in the

culture medium is replaced with other carbon source and nitrogen source respectively. As indicated

in the detection result, after 72h fermentation, the concentration of acetone in the fermentation broth

is lower than 0.1g/L, the concentration of ethanol is lower than 0.1g/L, the concentration of residual

glucose (residual sugar) and the fermentation result of acetic acid, butanoic acid and butanol are

shown in Table 2.

Table 2

Constituents of culture medium Fermentation result (g/L)

No. . Residual | Acetic | Butanoic Yield ratio of
Carbon source | Nitrogen source i . Butanol
glucose | acid acid butanol (%)
1 Xylose Thesameasthat | 45 | 57 | 045 | 013 27.35
in example 1
Glucose :

o | wlose(ll, | Thesameasthat | 4 a5 | g4 | 033 | 921 27.37

concentration in example 1

ratio, g/L)
3 | Galactose | (nesameasthat | .qg0 | g5y | 039 | 938 27.48
in example 1

The same as Soybean meal

4 | thatin example y 9.98 0.57 0.57 9.60 27.41
1 hydrolysate

The same as Ammonium

5 | thatin example 11.49 0.46 0.52 9.20 27.45
1 acetate

Example 3

The method described in example 1 is used, but the composition of the liquid culture medium is:
10g/L peptone, 6g/L beef extract, 45g/L glucose, 0.5g/L sodium chloride, 0.9g/L ammonium sulfate,
0.1g/L ferric sulfate, 0.3g/L magnesium sulfate, 0.1g/L calcium chloride, 1g/L potassium
dihydrogen phosphate, and 2g/L sodium hydrogen phosphate, pH=7.0.
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As indicated in the detection result, after 72h fermentation, the concentration of residual glucose in
the fermentation broth is 10.95¢g/L, the concentration of acetone is 0.09g/L, the concentration of
ethanol is 0.05¢/L, the concentrations of butanol, acetic acid and butanoic acid are 9.33g/L, 0.55¢g/L
and 0.47g/L respectively, and the yield ratio of butanol is 27.4%.

Example 4

The method described in example 1 is used, but the pH is not controlled in the entire fermentation
process in step (3); as the fermentation proceeds, the pH of the fermentation broth drops firstly, and
then rises, and the lowest pH is 4.5 in the fermentation process. As indicated in the detection result,
after 72h fermentation, the concentration of residual glucose in the fermentation broth is 13.36g/L,
the concentration of acetone is 0.05¢/L, the concentration of ethanol is 0.03g/L, the concentrations
of butanol, acetic acid and butanoic acid are 8.61g/L, 0.496g/L and 0.326g/L respectively, and the
yield ratio of butanol is 27.21%.

Example 5

The method described in example 1 is used, but after the pH of the fermentation broth drops from
original pH=7.0 to pH=5.5 in step (3), the pH of the fermentation broth is controlled to 5.5 until the
end of the fermentation by adding 10M NaOH solution through batch feeding. As indicated in the
detection result, after 72h fermentation, the concentration of residual glucose in the fermentation
broth is 9.55g/L, the concentration of acetone is 0.05¢/L, the concentration of ethanol is 0.03g/L,
the concentrations of butanol, acetic acid and butanoic acid are 9.92g/L, 0.54g/L and 0.32g/L
respectively, and the yield ratio of butanol is 27.98%.

Example 6

The method described in example 1 is used, but after the pH of the fermentation broth drops from
original pH=7.0 to pH=6.5 in step (3), the pH of the fermentation broth is controlled to 6.5 until the
end of the fermentation by adding 10M NaOH solution through batch feeding. As indicated in the
detection result, after 72h fermentation, the concentration of residual glucose in the fermentation
broth is 10.41g/L, the concentration of acetone is 0.07g/L, the concentration of ethanol is 0.04g/L,
the concentrations of butanol, acetic acid and butanoic acid are 9.67g/L, 0.54g/L and 0.9¢/L
respectively, and the yield ratio of butanol is 27.96%.

Example 7

The method described in example 1 is used, but after the pH of the fermentation broth drops from
12



the pH=7.0 to pH=5 in step (3), the pH of the fermentation broth is controlled to 5 until the end of
the fermentation by adding 10M NaOH solution through batch feeding. As indicated in the
detection result, after 72h fermentation, the concentration of residual glucose in the fermentation
broth is 11.15g/L, the concentration of acetone is 0.08g/L, the concentration of ethanol is 0.04g/L,
the concentrations of butanol, acetic acid and butanoic acid are 8.54¢/L, 0.51g/L and 0.23g/L
respectively, and the yield ratio of butanol is 25.23%.

Example 8

The method described in example 1 is used, but a hermetically sealed anaerobic bottle is used
during the seed cultivation in step (2), the culture medium is deoxidized in an anaerobic chamber,
and sodium hydrosulfite is added into the anaerobic bottle so that the partial pressure of oxygen in
the anaerobic bottle drops to 0, and then inoculation and cultivation are carried out in the anaerobic
chamber; in step (3), sodium hydrosulfite is added to the culture medium in the fermentation tank
for deoxidization, N, is introduced in the entire process to maintain an oxygen-free environment,
and the pH is not controlled in the entire fermentation process. As indicated in the detection result,
after 72h fermentation, the concentration of residual glucose in the fermentation broth is 5.0g/L, the
concentration of acetone is 0.21g/L, the concentration of ethanol is 0.07g/L, the concentrations of
butanol, acetic acid and butanoic acid are 9.98g/L, 1.22g/L and 1.46g/L respectively, and the yield
ratio of butanol is 24.95%.

Example 9

Composition of the liquid culture medium: 10g/L peptone, 6g/L beef extract, 40g/L glucose, 0.5g/L
sodium chloride, 0.9g/L ammonium sulfate, 0.1g/L ferric sulfate, 0.3g/L magnesium sulfate, and
0.1g/L calcium chloride, pH=7.0, the liquid culture medium is sterilized at 121°C for 15min. The
solid culture medium is prepared by adding 1wt% agar to the liquid culture medium.

The method for producing butanol through fermentation under a facultative anaerobic condition
with the C. beijerinckii having deposit number CGMCC No. 9124 in the present invention is as
follows: (1) the C. beijerinckii is inoculated on a slant surface of the solid culture medium, and
cultivated in an anaerobic environment at 30°C for 24h; (2) two rings of the C. beijerinckii
cultivated in step (1) are scraped off from the slant surface and then inoculated into a seed culture
medium disposed in a shaking flask, and cultivated in a static state at 35°C for 24h, without adding
any deoxidizer or introducing N, to maintain an anaerobic environment; thus, a seed solution is

obtained; (3) the seed solution cultivated in step (2) is inoculated in 10vol% inoculum size into the
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liquid fermentation medium and cultivated without adding any deoxidizer or introducing N, to
maintain an anaerobic environment, the natural pH is kept, and fermentation is carried out at 37°C
for 88h. After 88h fermentation, the concentration of butanol in the fermentation broth is 7.5¢g/L,
there is no acetone or ethanol product in the fermentation broth, and the concentrations of acetic

acid and butanoic acid are 1.0g/L and 0.6g/L respectively.

Example 10
The method described in example 9 is used, but the glucose, peptone or ammonium sulfate in the
culture medium is replaced with other carbon source and nitrogen source respectively. The

fermentation result is shown in Table 3.

Table 3
Conditions of fermentation Fermentation result (g/L)
No. . Acetic | Butanoic
Carbon source Nitrogen source . : Butanol
acid acid
1 Xylose The same as that in example 9 0.9 0.7 7.8
2 Glucose g xylosg (L1, The same as that in example 9 1.1 0.5 7.4
concentration ratio, g/L)
3 Galactose The same as that in example 9 0.8 0.6 7.6
4 The same as that in Peptone is replaced with 0.7 09 74
example 9 soybean meal hydrolysate
The same as that in Ammonium sulfate is replaced
5 : . 1.2 0.8 7.3
example 9 with ammonium acetate
Example 11

A 5L fermentation tank is used for fermentation, glucose is used as a substrate, and the
concentration of glucose in the initial culture medium is 40g/L. 0.1% potassium dihydrogen
phosphate (1g/L), 0.2% sodium hydrogen phosphate (2g/L), 0.004% para-aminobenzoic acid
(0.049/L), 0.004% vitamin B1 (0.04g/L), and 0.0004% biotin (0.004g/L) are added on the basis of
the composition of fermentation medium described in example 9. 3L liquid is loaded, the stirring
rate is 150r/min., the pH is not controlled within the first 16h of fermentation (i.e., the pH drops
naturally), and the pH is adjusted to 6.0 by adding 10M NaOH solution through batch feeding after

16h; the glucose is fully consumed in 72h. As indicated in the detection result, the concentrations of
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butanol, acetic acid and butanoic acid in the fermentation broth are 8.25g/L, 1.2g/L and 0.8¢g/L

respectively.

It can be seen from the result of comparison between example 1 and example 2: in the process of
producing butanol through fermentation under a facultative anaerobic condition with the C.
beijerinckii having deposit number CGMCC No. 9124 in the present invention, if the carbon source
in the culture medium is glucose, the organic nitrogen source is peptone and beef extract, and the
inorganic nitrogen source is ammonium sulfate, the yield and yield ratio of butanol can be further
improved.

It can be seen from the result of comparison between example 1 and example 3: in the process of
producing butanol through fermentation under a facultative anaerobic condition with the C.
beijerinckii having deposit number CGMCC No. 9124 in the present invention, if the culture
medium further contains specific types of vitamins, the yield and yield ratio of butanol can be
further improved.

It can be seen from the result of comparison between example 1 and examples 4-7: in the process of
producing butanol through fermentation under a facultative anaerobic condition with the C.
beijerinckii having deposit number CGMCC No. 9124 in the present invention, after the pH of the
fermentation broth drops to any value with a range of 5.5-6.5 as the fermentation proceeds, if the
pH of the fermentation broth is controlled to be 5.5-6.5 until the end of the fermentation, the yield
and yield ratio of butanol can be further improved.

It can be seen from the result of example 8: even if the C. beijerinckii having deposit number
CGMCC No. 9124 in the present invention is utilized to produce butanol through fermentation

under an anaerobic condition, high yield and yield ratio of butanol still can be achieved.

In summary, the C. beijerinckii disclosed in the present invention, which has deposit number
CGMCC No. 9124, can grow normally and ferment under a facultative anaerobic condition to
produce butanol, and has strong oxygen tolerance. Therefore, it is unnecessary to add any
deoxidizer into the culture medium or introduce any inert gas (e.g., N) to maintain an anaerobic
environment in the entire process; thus, the deoxidization step in the conventional anaerobic
fermentation process is omitted, a phenomenon that the strain can't grow normally as a result of
incomplete deoxidization is avoided, and the energy consumption is reduced. In addition, through
fermentation with the C. beijerinckii disclosed in the present invention, the butanol yield and yield
ratio are high, and there is nearly no byproduct (e.g., acetone and ethanol, etc.) in the obtained

fermentation products, the butanol recovery load in the follow-up procedures is alleviated, and the
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energy consumption for separation is reduced.

While some preferred embodiments of the present invention are described above, the present
invention is not limited to the details in those embodiments. Those skilled in the art can make
modifications and variations to the technical solutions of the present invention, without departing
from the spirit of the present invention. However, all these modifications and variations shall be
deemed as falling into the scope of protection of the present invention.

In addition, it should be noted that the specific technical features described in above embodiments
can be combined in any appropriate form, provided that there is no conflict. To avoid unnecessary
repetition, the possible combinations are not described specifically in the present invention.
Moreover, different embodiments of the present invention can be combined freely as required, as
long as the combinations don't deviate from the ideal and spirit of the present invention. However,

such combinations shall also be deemed as falling into the scope disclosed in the present invention.
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Claims

A Clostridium beijerinckii, having deposit number CGMCC No. 9124,

Use of the C. beijerinckii according to claim 1 in producing butanol.

A method for producing butanol comprising: inoculating the C. beijerinckii according to
claim 1 into a fermentation medium for fermentation to produce butanol.

The method according to claim 3, wherein the fermentation is executed under a facultative
anaerobic condition.
The method according to claim 3 or 4, wherein the conditions of fermentation include:
fermentation temperature: 20-42 °C, preferably 28-42°C; fermentation time: 48-120h,
preferably 60-80h; pH: 4-9, preferably 5-7.
The method according to claim 5, wherein the initial pH of the fermentation medium is
5.5-8.5, preferably 6-8; during the fermentation process, after the pH of the fermentation
broth drops to any value within a range of 5.5-6.5, the pH of the fermentation broth is
controlled to remain within the range of 5.5-6.5 until the end of fermentation.
The method according to any of claims 3-6, wherein the fermentation medium comprises
carbon source, nitrogen source, inorganic salt and vitamin, and the initial pH of the
fermentation medium is 5.5-8.5, preferably 6-8.
The method according to claim 7, wherein the carbon source is one or more of glucose,
xylose, galactose, mannose, fructose, maltose, cellobiose, glucose oligosaccharide and
xylo-oligosaccharide, preferably glucose and/or xylose;

the nitrogen source includes an organic nitrogen source and an inorganic nitrogen source, the
organic nitrogen source is one or more of beef extract, yeast extract, peptone, corn steep
liquor and soybean meal hydrolysate, preferably peptone and beef extract; the inorganic
nitrogen source is one or more of ammonium acetate, sodium nitrate and ammonium sulfate,
preferably ammonium sulfate;

the inorganic salt is one or more of dipotassium hydrogen phosphate, potassium dihydrogen
phosphate, sodium hydrogen phosphate, sodium dihydrogen phosphate, sodium chloride,
ferrous sulfate, ferric sulfate, magnesium sulfate, calcium chloride and manganese sulfate;
the vitamin is one or more of vitamin B1, biotin and para-aminobenzoic acid,;

preferably, on the basis of 1L fermentation medium, the dose of carbon source is 20-60g,
more preferably 40-50g; the dose of organic nitrogen source is 1-20g, more preferably
10-18g; the dose of inorganic nitrogen source is 0.1-10g, more preferably 0.5-5g; the dose of

the inorganic salt is 0-10g, more preferably 2.5-5g; the dose of vitamin is 0-0.2g, more
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preferably 0.04-0.12g.

9.  The method according to claim 8, wherein on the basis of 1L fermentation medium, the
fermentation medium contains 40-50g glucose, 8-12g peptone, 4-8g beef extract, 0.6-1.2g
ammonium sulfate, 0.25-0.75g sodium chloride, 0.05-0.2g ferric sulfate, 0.15-0.45g
magnesium sulfate, 0.05-0.15¢g calcium chloride, 0.5-4g potassium dihydrogen phosphate,
1-4g sodium hydrogen phosphate, 0.01-0.06g para-aminobenzoic acid, 0.01-0.06g vitamin B1,
and 0.001-0.006g biotin.

10. The method according to any of claims 3-9, further comprising: performing strain activating
cultivation and seed cultivation successively before fermentation,

preferably, the method for producing butanol comprises:

(1) inoculating the C. beijerinckii into a solid culture medium, and culturing at 28-42°C
for 12-48h under an anaerobic condition;

(2) inoculating the C. beijerinckii cultured in step (1) into a seed culture medium, and
statically culturing at 28-42°C under a facultative anaerobic condition for 12-48h, to
obtain a seed solution;

(3) inoculating the seed solution obtained in step (2) in an inoculum size of 2-20vol% into
a fermentation medium, and performing the fermentation under a facultative anaerobic
condition.

11. The method according to claim 4 or 10, wherein the facultative anaerobic condition is created
by a method including: no deoxidizer is added into the culture medium, and no N, and/or

inert gas is introduced to maintain an anaerobic environment during the cultivation.
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