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Construction of versatile flocculation system and its application for two-stage
production system

Tsuge, Yota
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We firstly investigated cell growth of amino acid producing Corynebacterium
glutamicum under furfural stress. The growth was inhibited by furfural, but furfural was degraded into
furfuryl alcohol and 2-furoic acid overtime. Through constructing deletion strains of alcohol
dehydrogenase genes, we identified the gene responsible for the conversion of furfural into furfuryl
alcghol. Purified protein of this gene converted furfural into furfuryl alcohol in vitro using NADPH as a
co-factor.

We moreover constructed a strain by metabolic engineering producing amino acid lysine under aerobic
conditions and organic acid succinic acid under anaerobic conditions using oxygen as a metabolic switch.

Applied Microbiology



0.4 - r 45
4 9
£ 03] (35 8
5 25
I 25
202 5 2
5 15 &
< 0.1 1 2
L o5 <
0 0
0 5 10 20
Furfural concentration (mM)
2
60 mM
9
2-
Corynebacterium 1 3
glutamicum ATCC13032 2
1
23T
€& 08 A
29
o e
8206
R
=]
5504
55
-
20mM 40% £8021
GC-MS ww
O -
20 60
2- Furfural concentration (mM)
20 mM 3
6
4 2-
1
—_— 1 1
=0
J Q
5 g 0.8 1 4
o e
82 06
2d cgl0331
jeiye! ]
a5 04
o2 02 4 2-
58 7
X w
0 -
5 10 20 A B
Furfural concentration (mM)
1 10 1o<-
:EE_ 8 _EE_ 8
S6 S 6
5 B
],5 4 }5 4
c c
8 2 8 2
LC-MS 0 0
NADH/NAD" NADPH/NADP* 0o 2 4 6 8 0 2 4
Time (h) Time (h)
2
NADH NADPH



4 A cglo33l B

cgl0331

3

Cgl0331

Cgl0331

kDa
250

100
75

50

PR -

37 —
25 5 Cgl0331
Furfural Furfuryl alcohol
(m/z=96.0) (m/z=98.0)
14000 10000
9000
% 12000 % 8000
g 10000 £ 7000
£ £ 6000
Before o #000 £ 5000
5 w0 3 4000
2 3 3000
< 400 <
2000
2000 1000
0 0
11.96 12.00 12.04 12.08 12.12 12.16 12.20 12.24 13.12 13.16 13.20 13.24 13.28 13.32 13.36 13.40
Retention time (min) Retention time (min)
14000 10000
9000
% 12000 % 000
< 10000 S 7000
E a0 E 6000
After £ £ s000
é 6000 § 4000
£ a0 2 300
2000
2000 1000

[
13.1213.16 13.20 13.24 13.28 13.32 13.36 13.40
Retention time (min)

[
11.96 12.00 12.04 12.08 12.12 12.16 12.20 12.24
Retention time (min)

6 GC-MS Cgl0331

NADH
Cgl0331
NADH

cgl0331

J—

6

N> h—=2U > EEE

Ja—Z-6-U>E

P P9}
TID b—R-6-UEE =
Ny

INU b—2-1,6-
ERU>E

FEb>UYE  3-U

s
e

‘EC

e
t

mZ‘RIJ—JIo-
ElLE>EE

N Sob>-eU e

p-Z kATYO—2-
7-U B

1
# =
D-#S)O—R- ~——» D-UTO—R-
5-U>Eg 5-U>E
D-IURO—R-
4-U>E
D-UR—2Z-
R

p-2JL3J-1,5- 6-TRATR-

JEORFS < D- 7'.”2[[;7/[;7‘!: k-

]

FRNSHES B A A+oOmE

NAU<

‘ lysCT11 Nab

PF"— Enezs YL

s:sH EH
pgo

7ta’-)|, CoA E'fﬂ

4-FRIVFIY>H *‘”P
D) /Zl [3 0P
e °“‘ FEFNUSE
s TRIVE
== a
J)\DBE

pyc

P4585S

Pui-pyc pyc

pao
cat

pta

4

lysC

IySCTSZL'lI

[dhA

CoA:CoA

ack

NADPH
NADPH




[dhA

Jha—R 3=
HRER i _— i
BWA TLa—R6Uv B _Magr{'fslulj& — ehRKT LaVE
Napr-
NAoPH
.............. YIO—2-5-U B

71[«7#—?57'?/& 4t

¥
FURLTFITER3-U2E 4
NaD*

NADH

.......... E=E EXD 3

RRBT/—LELEVB

ELEVE
s
FRANEIE Rye FEFIL-CoA
Iyscrom p—
FRLFLULE Fryomm IVE
Naor oy
FRASEIB e s
T IFER AIyzm
i 1G
4 NADPH Kumn 1 i
KEEE” ":ﬁ ar b LBILE
an
] “— /
oy

Jra—z S h—2ll"
e fi ‘ RUb—RUBER
BM7E Jra—ReUsB
PthA‘Pg’l ‘
71L7|~—€~s-')‘/$
Yol
FURLTLTER YU
NAD"
NaDH

RART/—VELEV B

ELEVE

r
FRALEE "WM“/
fyscrom
FRALFLYB z—*«:n:s:?
77«(54;5; ﬁ”“”' BREABMRIVFELZ
ti?}li-ﬂ:l-’ k BHEENEO LR
e g
f““" aNTE
yoy
7
8

1. Tsuge Y, Kawaguchi H, Sasaki K, Kondo A.
Engineering cell factories for producing building
block chemicals for bio-polymer synthesis.
Microbial Cell Factories, 15:19 (2016)

DOI: 10.1186/s12934-016-0411-0

2. Tsuge Y, Kudou M, Kawaguchi H, Ishii J,

Hasunuma T, Kondo. FudC, a protein primary

responsible for furfural detoxification in
Corynebacterium glutamicum. Applied
Microbiology and Biotechnol ogy,
100:2685-2692 (2016) DOI:

10.1007/s00253-015-7115-y
3. Tsuge Y, Yamamoto S, Kato N, Suda M,
Vertes AA, Yukawa H and Inui M.

Overexpression of the phosphofructokinase
encoding gene is crucial for achieving high
production of D-lactate in Corynebacterium
glutamicum under oxygen deprivation. Applied
Microbiology and Biotechnology, 99:4679—4689
(2015) DOI:
10.1007/s00253-015-6546-9

4. Tsuge Y, Uematsu K, Yamamoto S, Suda M,
Yukawa H, Inui M. Glucose consumption rate
critically
Corynebacterium glutamicum under oxygen
deprivation.  Applied  Microbiology  and
Biotechnology, 99:5573-5582 (2015)

DOI: 10.1007/s00253-015-6540-2

5. Tsuge Y, Hasunuma T, Kondo A. Recent

depends on redox state in

advances in the metabolic engineering of
Corynebacterium glutamicum for the production
of lactate and succinate from renewable resources.
Journal of Industrial Microbiology and
Biotechnology, 42:375-389 (2015)
DOI: 10.1007/s10295-014-1538-9
6.

Corynebacterium glutamicum

(2015) 73:362-368
7. Tsuge Y, Hori Y, Kudou M, Ishii J, Hasunuma
T, Kondo A. Detoxification of furfural in
Corynebacterium glutamicum under aerobic and
anaerobic conditions. Applied Microbiology and
Biotechnology, 98:8675-8683 (2014)
DOI: 10.1007/300253-014-5924-z
8. Tsuge Y, Kawaguchi H, Sasaki K, Tanaka T,
Kondo A. Two-step production of D-lactate from
mixed sugars by growing and resting cells of
metabolically engineered Lactobacillus
plantarum.  Applied  Microbiology = and
Biotechnology, 98:4911-4918 (2014)
DOI: 10.1007/500253-014-5594-x

4

(MY
2016.3.30

2014.10.3



2014.9.9

D-

2014.7.12

TSUGE, Yota

00647422



