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植物は最大の生産者

セルロース生産を行う生物

Valonia

藻類（Algae）

Wikipedia

University of Tsukuba

尾索動物（Tunicate） カタヤユウレイボヤ

Gluconacetobacter xylinum

cellulose

細菌（Bacterium）

Bacterial cellulose (BC)
Bacterial nano-cellulose (BNC) 2

プレゼンター
プレゼンテーションのノート
As you know, the plant is the most efficient cellulose producer.
I think many patisipants here use plant cellulose.
However, in addition to plants, some organisms, like algae, tunicate and bacteria, can also produce cellulose.
Today, I focus on cellulose biosyntheis of these bacteria.



Bacterial cellulose (BC) の特徴

組織工学
（細胞足場材料など）

純度の高いセルロース
生態適合性が高い

微細なセルロース繊維のネットワーク
湿潤状態において高い親水性（保水性） 保水剤

（損傷被覆材、パックなど）

音響材料（振動板など）高強度
乾燥状態において高いヤング率

http://bright-star.blog.so-net.ne.jp/2015-02-13

ナタデココ
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プレゼンター
プレゼンテーションのノート
The cellulose produced by bacteria is generally called bacterial cellulose, BC, or bacterial nanocellulose, BNC.
BC is well known as a traditional sweet food of Philippines called nada de coco. 
Furthermore, this is a SEM-image of BC pellicle.
You can see that the size of cellulose fibers were nano level and form 3D-networks.
Thus, as indicated here, BC has various features, so, used in a wide range of industrial fields.



研究の動機

G. xylinusだけで、本当にBC生合成機構を説明できるのか？

1886年 A.J. Brown
酢酸菌 Gluconacetobacter xylinus を糖を含む培地で培養した際に、
培養液表面にセルロースを含むペリクル（膜）が生産されることを発見

Haigler, C.H. et al. (1982) J. Cell Biol. Wong, H.C. et al. (1990) Proc. Natl. Acad. Sci. USA

 高いセルロース生産能力
 遺伝子情報の蓄積 BC生合成のモデル生物に
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プレゼンター
プレゼンテーションのノート
Study on bacterial cellulose began with finding the pellicle containing cellulose by Brown in 1886.
After that, many studies on BC have been done using acetic acid bacteria Gluconoacetobacter xylinus as a model organisim.
I think, the reason for this is the high cellulose productivity of G. xylinus and the accumulation of genetic information.
At present, many cellulose biosynthesis model have been published using G. xylinus.
However, we thought that Can the cellulose biosynthesis model be explained only with G. xylinus?

This is a starting point of our research.





セルロース生産する新規酢酸菌 Asaia bogorensis
Gluconacetobacter xylinus Asaia bogorensis

高いセルロース生産能力
工業利用
セルロース生合成のモデ
ル微生物

丈夫な膜

酢酸菌
グラム陰性菌
好気性
桿菌
セルロース低生産

脆い膜
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プレゼンター
プレゼンテーションのノート
The details for screening of cellulose producing bacteria are skipped today, as a result of screening, we found a new cellulose producing bacterium Asaia bogorensis.
This is a kind of acetic acid bacteria, and Gram-negatice, aerobic and rod-shaped bacterium.
Although both bacteria produced the pellicles at the surface of culture medium, the pellicle of G. xylinus is thick and solid. 
In contrast, the pellicle of A. bogorensis is thin and very fragile, so it was easily broken by gentle agitation. 



A. bogorensisのセルロース繊維は非常に細い

A. Kumagai, et al. (2011) Biomacromolecules

Approx. 5-20 nm

A. bogorensis

Approx. 40-100 nm

G. xylinus
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プレゼンター
プレゼンテーションのノート
These are FE-SEM images of pellicle after purification by sodium hydrate.
It is very obvious that cellulose fibers of A. bogorensis are much thinner than those of G. xylinus.
The average width of cellulose fibers in G. xylinus is about 40 to 100 nm.
On the other hand, that of A. bogorensis is about 5 to 20 nm. 
This fine cellulose fiber of A. bogorensis is very attractive, but unfortunately the cellulose production level of A. bogorensis is below 10% of G. xylinus. 
But, just mentioned in previous slide, A. bogorensis is thought to be a good counterpart for the study of bacterial cellulose synthesis.



100 nm

100 nm

A. bogorensis

100 nm

100 nm

G. xylinus

A. bogorensisの超微細セルロース繊維
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プレゼンター
プレゼンテーションのノート
These are TEM images of cellulose microfibrils just extruded from bacterial cell.

In A. bogorensis, the thinness of the cellulose fiber is already thin when it is extruded from the microbial cells.




鞭毛 Microfibril
（ Approx. 5 nm）

Subelementaly fibril
（1.5 nm）

Microfibril
（3-6 nm）

Cellulose ribbon
（Approx. 50 nm）

TC
100 nm

TC

100 nm

G. xylinus

A. bogorensis

セルロースを合成する蛋白質複合体が、菌体の表層に多数、直線状に配置している。

一般的な酢酸菌

我々が発見した酢酸菌

セルロースを合成する蛋白質複合体が少ない可能性＝その結果、細いセルロース繊維となっている。
現在、更なる原因の解明を行っています。

プレゼンター
プレゼンテーションのノート
From the results obtained to date, schematic model of BC productions of both bacteria was shown here.

In G. xylinus, cellulose chains extruded from each TC are assembled and finally form cellulose ribbon.

As a result, the width of cellulose ribbon becomes to relatively wide.

On the other hand, in A. bogorensis, the number of TC is very few compared to G. xylinus.

So, cellulose chain would be formed to only microfibril at a maximum.
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