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oReport summary (English)

Principal investigator: University of Tsukuba professor NAKAJIMA-KAMBE
Toshiaki

R & D title: Microbial conversion into polymer ingredient from biofuel waste based
biomass.

1. Purpose of R & D

The aim of this study is to establish a technical foundation to produce 1,3-propanediol, a polymer
raw material, from microorganism’s fermentation of glycerol which is a biomass-waste produced as
a by-product in the production of biodiesel fuel (BDF). By converting waste glycerol into a resource,
we do not only expect the decrease of CO» generated from incineration but also the reduction of the
use of crude oil, doubling the reduction of greenhouse gases effect. In this proposal, the applicant
attempts for high-efficiency production of 1,3-PD from waste glycerol using Citrobacter braakii
TB-96 strain, newly obtained from nature. After clarifying the bottleneck of metabolism based on
omics analysis, acquisition of mutant strains and enhancement of related genes will be carried,
aiming at practical implementation. At the same time, we will conduct cost estimations considering
the economic and social impacts of the process and proceed with research while setting goals for
social implementation.

2. Outline of R & D
(1) Contents:

Using Citrobacter braakii strain TB-96, optimization of external factors such as medium
composition and culture conditions (Nakajima G), omics analysis of metabolic pathways and gene
expression levels, and enhancement of cellular functions through genetic modification (Nakajima
and Kiyoshi G) were performed. For implementation, the production cost under each condition was
calculated as well as its contribution to the final cost (Mizunoya G). Collected information was then
used to efficiently study and optimize the production conditions.

(2) Achievements:

We examined the pre-culture conditions, addition of iron and cobalamin to the production medium,
and sequential addition of raw glycerol effect to increase the 1,3-PD productivity. In parallel, we
clarified the metabolic pathway based on whole genome information of TB-96, and its double
mutant strain in which part of the D-lactic acid production system and formic acid production system
were destroyed was constructed. We succeeded in producing 70g / L of 1,3-PD. Furthermore, as a
result of examining repeated batch culture and continuous-culture with immobilized cells using
nonwoven fabric, the maximum concentration decreased to 40 g / L, but no decrease in productivity
was observed throughout the period, but rather we found an increasing tendency of productivity rate.
Using our double mutant strain, we further investigated the enhancement of 1,3-PD production
system and the reduction amount by strengthening the TCA cycle. Estimation results showed that the
high concentration during production and medium costs contribute significantly to the production
cost. We could successfully replace 80% of the most expensive medium component (yeast extract)
with inexpensive corn steep liquor. As a result, we assume that the current production cost can
sufficiently compete with the existing process.

(3) Future developments:

In the future, we aim to increase the maximum concentration of continuous culture and to produce



various useful derivatives (such as 3-hydroxypropionic acid) from 1,3-PD. In addition, we will study
productivity effect of pretreatment of waste glycerol and production from glycerol resources other
than liquid waste BDF. In addition, we would like to investigate effect of suppressing the production
of pyruvic acid and L-lactic acid produced as by-products.



