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In order to improve the nitrogenase-based photobiological hydrogen production by
cyanobacteria, we aimed at creating cyanobacteria mutants that preferentially express V
or Fe-only type nitrogenase in place of Mo type, by genetic engineering. We have knocked
out the Mo type nitrogenase gene of the cyanobacteria that have either Mo type and V type,
or solely Mo type. We have prepared plasmids that harbor V or Fe-only type genes. In order
to decrease the Mo possibly eluted from culture glass bottles into the culture medium, we
developed hydrogen- gas-barrier plastic bags.

TR ERA
(BAREAL - 1)
ELEERE 2 AR £ & Fk

200 9FE 6, 200, 000 1, 860, 000 8, 060, 000
2010 4,200, 000 1,260, 000 5, 460, 000
201 19K 4,200, 000 1,260, 000 5, 460, 000

R

I
waEt 14, 600, 000 4,380, 000 18, 980, 000

B2 45 By - BE R A

BAFEDOSEL - B : BERES - B

X—U—R: TR TIT, KE, EK =bbusrt—8, BAEFREDRLE— )
Ay AUN



1. WRFEBAR Y WD 5

HE KR ED ST ) R TV T G4 T
VEME, T VEE OXARRE= S
F—ERIEERH LT, KEEZEETE D,
EFREEDEO B VEED UG ITKRATES
na

N, + 8 e +8H + 16 ATP —

H, + 2 NH, + 16 (ADP + Pi)
<o (OB D)

= b s F—BITEER LI Mo 282
D (Mo B) N—MHITH LA, EWHIC L -
TlE Mo DRBDOVITV (RNF VT L) ZFFOH
@ (VD) Fe #F>H D (Fe-only ) »RdH
5o TNETICHARNONTZERBEEST /AN
JTIUTIE, 2T Mo Bl= b f—EikF
B, BIZVEERESLDOLH DM, Fe-only
T OFFIEIRTEHE STV, Mo B LIS}
DHLOEEGT= b r I —ERIEO— K
RTINS -

nN, +8e +8H + 16 ATP —

(4-3n) H, + 2n NH, + 16 (ADP + Pi)
(0 <n <) (BUSA2)

N, DMEAE L, &R [ E B 72 51 7 ¢
Mo TiIn=1ThoR, OB TEIn <1
ThH Y BEIELNAFAE T THAKREAEEIZ A D
IETOEEREmNEBZOND,

L7208 TOlHE O Mo BT » T VAL,
X BZIE Fe-only AR I/ T X7
T U7 1E Mo T & Helg LT N, /77E R THd
FRAE PRI He D < KB AEFEMEN E W & TR E
No, SblZ, IFFETH, BEDODTIE
PED I XV KFEEE ®mWDE WD ATEEM
NEz BT,

2. WMEOEM
Mo & VI Z 2 & DIZ DWW TIX VR A2

N IEH 2 L, KO Mo B2 & £F
SH DL Mo ALE G2 L= D b
DELFEEANLT-EREEER L, KFEE

PEICXE T 2R AT 22 HMET
Al

Mo B e VIRID F &> T /37T UId,
Mo # CEZ AL TRVWEERBKRTTHZ &I
£ 0 Mo BIDIEVEA TN Z S AL, VIR OTEVED &)
KRB ARRMENR B Z BNHDT Mo & TED
2T BRI B IRIC W TRGET L7z,

Fo. BRRDPOHERM = bu T —
BIEEORmWKRE®RKT D52 &, S HITEK
L7eRRIZHOW T, = e — Bl O#ER
FEANEZH LN L THREED D Z &%
HivE L7,

3. WEDTIE

(1) Nostoc sp. PCC 7422 #ki%. H:H D24
IR E v 2 — B AF LT 13RO T,
AR Lie= b e —BiEED K
HLEDO TR T Mo BIDIENC V= ha ¥
FT—BE2 RO, FOMYViALZAE Fu s
F—Y &y WidE L 7= kR (Allup) 28Rk & L,
Mo Bl ¥ X OV B D3R - D FERL S % B 5 )
(2L, WRFEAEEE LT, V BRI BSEIC T H
L7eR a1 T. EOKRFBAFEEFEEIZ OV T
AR T 5, Fike LTiE, Mo BUE{R 1% &
B L LB R 2 ER T 5 2
&L RO NS Mo ZFRE V B OIHMEN
BRI B T 2 M E 1S5 2D D&MFIC
DWTHRETT 5,

(2) Nostoc/Anabaena sp. PCC 7120 FRiZL.
BHREETT /NI TIVTOHRT, 25 A
WP RINCH LI SN T, = ha sy
F—FiI Mo DA% K>, Z DD AHup 2
BRITBEIAERR G A CTh Y . ZhaBitke L
T, Mo DR T 2RI L | fhORkD VLD
LT Fe-only Bl= o A —Y @G 2E
AT 272D DRAEAERRT %

(3) KifRITH 7 AAE D & FERITARH
MELTEEND Mo NI T 57
REVED NG 2 DT, KFENV T —MDOFIKTZ
AT v I Ras DT EIT D,



(4) WoKkik Q11 #u, %) 2 HREZEIL,
A Bk S OVEE 32 5] 8 16 1 D i WOV & 3 89
Do HiEE LR, ERFBEELEE RV
Bipc, BAVE T TORBEREDE N EH D
IR T D,

4. BFIERR

(1) Mo & VRO 2 EO=harF—t
Z ¥ Nostoc sp. PCC 7422 D7 O+
DOHEFEBRLH A 52N LTz, BlFEHmIZ IS
&, AHup BRZBIMEE LT, Mo Bl= b7
—¥ nif BETZ2AREE U728k (AHup/ A
Nif #k) ZEIs 7 LFPRICIERR L, £oK
FAEPERFMEI DV CHLRE & O LA IR & AT
STW5, /o, V= ra s h—8 wmf @&
BTaF ST 7 AI REERR LT,

(2) Nostoc/Anabaena sp. PCC 7120 ¥E®D Mo
M= tubrF—B85T nif ZHE LK%
ER Lic, ZOKRIZY 7T 2 N7 T U7
Anabaena varialibis ® VHl= ua#}—+¥
BT (vnf) 7 A% — FRIEINRREBE
F# [ E Azotobater vinelandii @
Fe-only #l= kv %/} —=¥ (anf) Biz 17 7
AR —FZBANTDHIZODT T A R EAERRL
L7z, BIEFEADDOHEITITET L, 2
o DB % Triparental mating EIC X
DT IR T Y TIZEAL, ERKOEK
T TW5,

(3)Mo B & VRID ] J5 % > Nostoc sp. PCC
7422 RO Ka s —EaE#EE (AHup)
DWW, HEHIFD Mo REAZIKTEEHZ &
W&, VE= e S —EREmWHI A S
TARKBWNTOERIZEIVEDL Z L 2R A
TS, R O BIE A BE R IRAERIC N T
Mo B DIEMEMN 2272 DMK T Lie o 7o, 558
WCHWB 7 2N E Mo HERRAT HEE
NREBEZOLNTZOT, WA T =TT A
F v 7Ny T EFIM UL R L,
KFEANAVT —MEDRRIR T T AF v 73y
7%, FROBITOAFEFRMICBNT, &

fi7e XA AV T 7 X —OFMELEL T
HT ExRLI,

(4) EWMEEDPRELEKFOLT
IR T )T R RANTERE L, KAREVE
FEETHEVECIRFE LB & el Lz,
50 LA EDOFRKDOEEFE DD | fifili & 72 Dk &1
BT,

5. FRIFEERIHLE

(WFFEREE . WFFE 4 M O JE
I T#R)

UGdesEamsc) GG 514)

W bEHREHY)
@ M. Kitashima, H. Masukawa, H. Sakurai,
K. Inoue  (2012) Flexible plastic

bioreactors for photobiological hydrogen
production by hydrogenase—-deficient

cyanobacteria. Biosci. Biochem.
Biotechnol. 76: 831-833.

@ H. Masukawa, M. Kitashima, K. Inoue, H.
Sakurai, R.P. Hausinger (2012) Genetic
engineering of cyanobacteria to enhance
biohydrogen production from sunlight and
water. AMBIO 41, suppl. (2) 169-173.

@ JdLBIETA, RS, B (2011) &
TN T YT MM LR EToKFHE
DRBUEERE, KERBLF 455 34:108-112.
@ H. Masukawa, K. Inoue, H. Sakurai, C.P.

Wolk, R.P. Hausinger (2010) Site-directed

mutagenesis of the Anabaena sp. strain PCC
7120 nitrogenase active site to increase
photobiological hydrogen production. Appl.
Env. Microbiol. 76: 6741-6750.

® H. Sakurai, H. Masukawa, M. Kitashima,
K. Inoue (2010) A feasibility study of
large—scale photobiological hydrogen
production utilizing mariculture-raised
cyanobacteria. Adv. Exp. Med. Biol. 675:
291-303.



(FER) GHI8 1)
O HEser, $)1—, LRIER, JE R,
YT INTIVTO=bunsF—RIickd
KRFBEEDFFAEDR L LA F VT 7 H
—REMOBE. B4R~ ) N FT T m

U—24 (2011, 5. 28-29) # W (v voa v
JER)

@ H. Sakurai, H. Masukawa, M, Kitashima,
K. Inoue, Challenges for large—scale
photobiological hydrogen production on
surface. Marine-Tech

(2010. 10. 25-28), Dalian (&

the ocean
Summit-2010
v va VIER)
® H. Sakurai, H. Masukawa, M, Kitashima,
K. Inoue, Culture conditions and genetic
engineering towards improved
photobiological hydrogen production by
cyanobacteria. 15th International
Congress on Photosynthesis (2010. 8. 22-27)
Beijing

@ H. Sakurai, H. Masukawa, M, Kitashima,
K. Inoue, A survey of the economical
viability of large—scale photobiological
utilizing

hydrogen production

cyanobacteria. 13th International
Conference on Phototrophic Prokaryote
(2009. 8. 10-15) Motreal

(fl 13 1)

(¥EFE) GF 44

@ H. Sakurai, M. Kitashima, H. Masukawa,
K. Inoue, Improvement of
nitrogenase—based photobiological
hydrogen production by cyanobacteria by
gene engineering In: Proc. 15th
International Congress on Photosynthesis,
Springer Verlag (in press)

Q@ BT, YeA I X D AKRFEEE, TK
FEoH) GAEEE  FR).

Q@ wIb, EEOLER, TEEA VB

Ty EEEE B (=X T4—-
=) (HIWlF) (EHH V).

@ H. Sakurai, H. Masukawa, K. Inoue
(2009)

A preliminary survey of the

economical viability of large—scale
photobiological hydrogen production
utilizing mariculture-raised

cyanobacteria. In (Gault, PM, and Mahler,
HG eds.) “ New Research on Energy
Economics ” Nova Science Publisher.

pp. 443. 462

(PE I PEME]

ORI G 14)

AN - BREE RS, #hR)IR

B HAYP T Y T TN, R

FEOAE - RS, ) —. R EFE, AR

EiG

MERE © BRBH RS, S (hR)IIRT
£ 0 EE)

FEEE - FFRE

%5 FElE 2009-218160,

MREFEA B FRRE 21429 A 18 H ., BTk

Jig 21 £ 12 H 18 H

EWNA DRI EHAN

(% D]
A Bt U
PRZS)IIRE: « JeB Rk FE AL PERFIET
http://bio-hydrogen. kanagawa—u. ac. jp/in
dex. html
6. WFZERLRE
(D WFFEREE

f¢H: ZEfE (SAKURAT  HIDEHIRO)

FRZNIRE « oA BOKSEEENIERT - R

%
s &5 - 10063645
(2) W9y
HF Fof=  (INOUE KAZUHITO)



jfEP;%J[[j(‘:—%% . ﬂ‘?%ﬁ . %@fi“
e %5+ 20221088



