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Incre鎚eina回'Ospheticωrb'Ondi'Oxide and gl'Obal warming hぉ at位'actedattenti'On 

t'Owards use 'Of ph'Ot'Osyn白血'Orag組isms白紙 deriveeI悶 'gy企'Om 叩加，ndi'Oxide. 

Cy組'Ob郎防ia(blue-green algae) are especially attractive beca凶 e血血phoωsyn也，eticand 

bi'Omass producti'On rates紅'ehigher也姐terres凶alplan包， they d'O n'Ot require arable land， 

andωn gr'Ow with minimal nutrient r叫凶rements，u出izinga加'Osphericωrb'Ondi'Oxide and 

sunlight; In additi'On， as cyan'Obacteria are pr'Okary'Otes， their metab'Olic pr'Oωsses are m'Ore 

readily amenable t'O genetic m'O必ficati'Onsdesigned t'O enh組，ce也，eproducti'On 'Of elliぽgy-rich

∞mp'Ounds也担th'Ose'Of eukary'Otic algae. Cyan'Obacteria p'Ossess relatively small gen'Omes， 

many 'Of which have been sequenced. Thus， c'Ompared with euk紅y'Oticalgae， it is less 

compliω，ted t'O utilize cy'組'Oba出血insystems bi'Ol'Ogy research. 

T'O date， 'Of all cyan'Obacteria，砂'flechocystisSp. PCC 6803 is也，eb剖-ch紅acterized

S伊ciesf'Or genetic engin閃 :ring，due t'O its n誠ぽally仕組sf'Ormablity，and wi也 itsgen'Ome 

sequenced. In 1 st chapter PCC 6803 was genetica1ly m'Odified f'Or the pr'Oducti'On 'Of lactic acid. 

Here， we engineered Synechocystis sp. PCC 6803ωproduωlactic acid using a lactate 

dehydrogenase (/，品)gene企'Omdi民間nt1ωtic acid-producing bac旬ria，namely， Lactococcus 

lactis (ldhB坦dIdhX)， Lactobaci/lus plantarum (ldhL姐 dIdh)，組 dLactobacil/us 

r加 mnosus(ldhL). F'Oll'Owingthe intr'Oducti'On 'Of lactate dehydrogenase gene， i匂 expressi'On

wωconfumed in all s岡町by by reverse甘佃scripti'On-PCR.Gr'Ow血'Ofmutant抑制swere

n'Ot influenced by in住'Oducti'On'Of Idh genes. Lactic acid pr'Od白ucti'O叩nva剖ried企勧U畑mOω.ρ0ω3tω'00ω.0

mM c∞'Onc印en回 t討i'O佃n.In 'Order t'O secrete the lac凶t“icaωci泌dpr'Od伽ucωedinside the cell a lactate 
住組s勾po側d由e釘:rg'伊e阻n由巴(仰lld，φp)合伽''OmL.p，〆I仰 t抑an官lmwaおs泊加duωdto mutants h紅'b'OringIdh gene. C'O・
expressi'On 'Of IIdp w地 IdhB企''OmL. plantarum 'Or IdhL企'OmL. rhamnosus ledω 也e

S即時:ti'On'Of lactic acid int'O the medium w地∞，nc回国ti'On'Of 0.17土0.02'Or 0.14:!: 0.02 mM 

after 18 days c副 vati'On.

Cyan'Obacteria tend t'O a∞um叫atecarbohydrates during ch姐，ge泊 c叫，tivati'On

∞nditi'Ons 'Or due t'O envir'Onmen絢1fact'Ors. A broad understanding 'Of primary metab'Olism is 

necessぽyt'Om佃ip叫a飽 elec仕''Onflux t'Owards these pr'Oducts f'Or bi'Oenergy applicati'Ons. In 

Chapter 2， theref'Ore， we decided t'O investigate the mechanism f'Or st'Oring glycogen in 

cyan'Obacteria PreVi'Ous studies have sh'Own白紙 inPCC 6803 nitr'Ogen depleti'On leads t'O 

accumulati'On 'Of glycogen. 2・伽'Oglu国司teacts as a si伊 allingpathway f'Or凶trogendepleti'On. 
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Increase in atmosphetic carbon dioxide and global warming has attracted attention 

towards use of photosynthetic oraganisms that derive energy from carbon dioxide. 

Cyanobacteria (blue-green algae) are especially attractive because their photosynthetic and 

biomass production rates are higher than terrestrial plants, they do not require arable land, 

and can grow with minimal nutrient requirements, utilizing atmospheric carbon dioxide and 

sunlight; In addition, as cyanobacteria are prokaryotes, their metabolic processes are more 

readily amenable to genetic modifications designed to enhance the production of energy-rich 

compounds than those of eukaryotic algae. Cyanobacteria possess relatively small genomes, 

many of which have been sequenced. Thus, compared with eukaryotic algae, it is less 

complicated to utilize cyanobacteria in systems biology research. 

To date, of all cyanobacteria, Synechocystis Sp. PCC 6803 is the best-characterized 

species for genetic engineering, due to its naturally transformablity, and with its genome 

sequenced. In 1 st chapter PCC 6803 was genetically modified for the production of lactic acid. 

Here, we engineered Synechocystis sp. PCC 6803 to produce lactic acid using a lactate 

dehydrogenase (Idh) gene from different lactic acid-producing bacteria, namely, Lactococcus 

lactis (ldhB I:!!!d IdhX), Lactobacillus plantarum (ldhL and Idh), and Lactobacillus 

rhamnosus (ldhL). Following-the introduction of lactate dehydrogenase gene, its expression 

was confirmed in all strains by by reverse transcription-PCR. Growths of mutant strains were 

not influenced by introduction of ldh genes. Lactic acid production varied from 0.03 to 0.04 

mM concentration. In order to secrete the lactic acid produced inside the cell a lactate 

transporter gene (Ildp) from L. plantarum was introduced to mutants harboring Idh gene. Co­

expression of /ldp with IdhB from L. plantarum or IdhL from L. rhamnosus led to the 

secretion of lactic acid into the medium with concentration of 0.17 ± 0.02 or 0.14 ± 0.02 mM 

after 18 days cultivation. 

Cyanobacteria tend to accumulate carbohydrates during change in cultivation 

conditions or due to environmental factors. A broad understanding of primary metabolism is 

necessary to manipulate electron flux towards these products for bioenergy applications. In 

Chapter 2, therefore, we decided to investigate the mechanism for storing glycogen in 

cyanobacteria PreVious studies have shown that in PCC 6803 nitrogen depletion leads to 

accumulation of glycogen. 2-Oxoglutarate acts as a signalling pathway for nitrogen depletion. 



(Name: Ancy J'Oseph NQ.2) 

A reSP'Onse regulat'Or pr'Otein Rre37 actsぉ aregulat'Ory pr'Otein f'Or sugar catabolism， but i包

r'Ole in glycog胆 accumulati'OIiis sti11 unk:n'Own. Theref'Ore， me也'Odsare pr'OP'OsOOωcl紅i均r

the r'Ole 'OfRre37 using a Rre-37 disrup臨Is仕凶nbyme飽b'OI'Omicanalysis組 dgene expressi'On 

studies. In Rre37 disrupted由討n，delay泊 a∞ um叫.ati'On'Of2・'Ox'Oglutarateand glycogen was 

f'Ound und町凶tr'Ogendeple制∞nditi'On∞ mparOOwith wild type甜副.Expressi'On 'Of sugar 

genes glgC (giycogen s戸伽se)血 dglgA(glu∞ se・1・'ph'Os'Ohateadenylyl回出ferase)加 olvOO

泊以ycogenaccumulati'On (sug訂組ab'Olism)was reduced in rre37 disrupted由討n，企om血is

it revealOO白紙Rre37c'Ontr'OIs也.eexpressi'On 'Of sugar anabolic genes. In additi'On icd 

(is'Oci回 tedehydr'Ogenase) genes白紙 areinv'Olved in the generati'On 'Of 2・'Ox'Oglutarate，組d

glnA genes inv'Olved担 GS-GOGATsy蹴 m(glu匂mate-細 m'Onialig舗の，gltB gene (NADH-
dependent glutamate syn也aseexpressi'On large subunit)， gltD gene (NADH・dependent

glu幽蹴 syn伽 sesmall subunit) was reducOO. !t's kn'Own伽 1icd and glnA are under the 

∞ntro1 'OfNtcA pr'Omoおお， Low upregulati'On 'Of ntcA gene have lead ωrOOucti'On泊 icd血d

glnA gene regulati'On. H'Owever， NtcA pr'Om'Oter f'Or gltB and gltD genes， rela旬dω 也 B

GOGAT system， has n'Ot been f'Ound. Theref'Ore; Rre37 might play祖国po白血Itr'Ole泊

regulat'Ory mechanism 'On expressi'On 'Of gltB and gltD d町ingnitr'Ogen坑釘vatI'On.

In metab'Olic analysis， metab'Olites in glyc'Olytic pathway such鎚企uct'Ose・6・

ph'Osphate， 1， 6 bisph'Osphate企uct'Ose，glyceraldehyde 3 --ph'Osphate were reduωd byRre37 

disrup旬dstr必n∞ mp:紅'00wi也 thewild甜福島也usSUPP'Orts that Rre37 is rela鈴dto the 

regulati'On 'Of gene罰Jgarcほめ'Olism.TCA cycle metab'Olites play a role asωrbon 血kundぽ

ni仕'Ogens町田dconditi'On. A1l the me帥'Oli回'Ofthe TCA cycle except ci回1eincreasOO 

during ni仕ogendepletion in the wild勿pe鈎話n， whereas 'Oxal'Oacetate，白mar司te，su∞，inate， 

aconitate， and 2心Gdecrea鑓d泊Rre37diruptOO曲活且 Fr'Omab'Ove findings we ∞ nclude 

白紙 1)Rre37 positively regulated glycogen anab'Olic genes， thereby accumulating glyc'Ogen. 

2) Rre37 positively regulated sugar ca旬bolism，and was inv'OlvOO担2・OGaccum叫ati'On.3)

Rre37urgOOωcum叫ati'On'OfTCA cycle metab'Oli蜘 suchas malate， fumarate， and succinate. 

H悶 wesh'OwOO也atRre37 is alS'O泊V'OlvOOin the regulati'On 'Of凶位'Ogenmetabo1ism，組d

theref'Ore， future託udies∞，uldextend the r'Oles 'Of Rre37泊.t'Oare鎚 0也er也姐 sugar

metab'01ism泊由iscyan'Obact釘ium.

(Name: Ancy J'O鈴:phNO.3)

In Chapter 3， we 位i~t'O enhance the bi'Omass and glyc'Ogen producti'On by dis加 pti'On

'Of antenna pr'Ote泊.Ph'Ot'Osynthetic efficiency is direct1y relatOO t'O the size 'Of light-harvesting 

antenna c'Omplexes組 din reSP'Onse t'O light in匂凶ity皿ltennasize is 'Optimized. At high light 

h飴nsities，也erate 'Of ph'Ot'On abs'Orpti'On by the chl'Or'Ophyll antenna m'Olωules in也esurface 

layer 'Ofmicr'Oalgal and cyanobacterial cells in cultures 'Or P'Ond envir'Onments exceeds世lerate 

'Of ph'Ot'Osynthetic rl伺.cti'Ons，resulting in也edissipati'On or I'OSS 'Of exωss ph'Ot'Ons and/'Or 

ph'Ot'Oinhibiti'On 'Of phoωsynthesis. Mi凶mizi時， 'Or甘unca血g，the chl'Or'Ophyll antenna size 'Of 

the phoぬsystemsωnimpr'Ove ph'Ot'Osynthetic solar energy ∞nversi'On e:田ciency組 d

productivity upω3-f'Old. Synech'Ocystis sp. PCC 6803甜叫nhas an antenna pro旬incallOO 

phycobilis'Omes; it is possible t'O rOOuce the_.antenna pr'Otein by disrupting也.eApcE protein 

that is part 'Of a linker pr'Otein connected t'O也.ethylak'Oid membrane. The impact 'Of 

di誼 upti'On'Of apcE gene 'On bi'Omass and glycogen accumulati'On has n'Ot yet been analysed. 

ApcE dirup包dmua旬atswere ∞，nstructOO and were cultiva旬dunder ph'Ot'Oauω仕''Opic

conditi'Ons. Abs'Orpti'On叩ec回 analysissh'OwOO a 加gerOOuc姐onin phycobilis'Ome. Bi'Omass 

producti'On 'Of apcE gene-disrupted甜説n，was alm'Ost d'Ouble (1.24 g-cell-dry weightIL)也組

也at'Of柑Id勿戸甜ain(0.75 g-ce11-dry weightIL). In addi託.'On， glyc'Ogen∞ntent alS'O 

泊.cr，伺sOOfr'Om 11.1% 'Of the wild，・，type鈎垣見ω24.2%也 apcEgene-disrupおd抽出.Thus， 

under ph'Ot'Oaut'O仕ophic∞'nditi'Ons，abs'Orbed CO2 W'Ould be utilized by the apcE gene-

disruptOO s回 inf'Orω11grow也，ra也er也知也.epr'Oducti'On 'Ofphyc'Obilisomes. T'Ogether， these 

results dem'Ons回総也at組 tenna佐uncati'Onby deleting也eapcE gene was etIective f'Or 

inCl'伺singbi'Omass pr'Oducti'On組 dglycogen accumulati'On under ph'Ot'Oauto仕ophic∞ nditi'Ons

in勾mechocystissp. PCC 6803. 

In chapter， 4 we泊vestigateddirect ethan'Ol pr'Oducti'On 企omcy阻'Obacterium

Arthrospira (8pirulina) platensis us泊gIyso勾meand a re∞mbinant amylase-expressing 

y伺 st由也 t'O e1iminate也.eneOO -f'Or bi'Omass pre回 a回 entand amylase hydr'Olysis. 

Arthro.伊iraC争irulina)platensis is姐 at位協tivef記dt'Ockf'Or bi'Orefinery due ωi臼 high回

grow血 rateand toler姐 ωt'Ohigh pH and salt. D町ingenvir'Onmenl句1stress 'Or change in 

c耐 vati'Onc'Onditi'Ons争iruUnatendωpr'Oduωl釘geam'Oun臼'Ofα，-p'Olyglu伺nin the f'Orm 'Of 

glycogen. Under I首位ogenrOOuωd∞ nditi'Ons (3mM  NaN03) it wぉ f'Ound伽 tglyc'Ogen 

content is inαeasOO upω60.9%. Here we triooωu出ize也isglyc'Ogen direct1y企''Om

sp仕叫inaw地'Out血 ypre出 a回 entbyus泊gare∞mbinantamylase唱xpressingyeぉt8.

¥ 

(Name: Ancy Joseph NQ.2) 

A response regillator protein Rre37 acts as a regulatory protein for sugar catabolism, but its 

role in glycogen accumulation is still unknown. Therefore, methods are proposed to clarify 

the role of Rre37 using a Rre-37 disrupted strain by metabolomic analysis and gene expression 

studies. In Rre37 disrupted strain, delay in accumulation of2-oxoglutarate and glycogen was 

found under nitrogen depleted condition compared with wild type strain. Expression of sugar 

genes glgC (glycogen synthase) and glgA (glucose-l-phosohate adenylyltransferase) involved 

in glycogen accumulation (sugar anabolism) was reduced in rre37 disrupted strain, from this 

it revealed that Rre37controls the expression of sugar anabolic genes. In addition ied 

(isocitrate dehydrogenase) genes that are involved in the generation of 2 -oxoglutarate, and 

gInA genes involved in GS-GOGAT system (glutamate-ammonia ligase), gltB gene (NADH­

dependent glutamate synthase expression large subunit), gltD gene (NADH-dependent 

glutamate synthase small subunit) was reduced. It's known that ied and gInA are under the 

control ofNtcA promoters, Low upregulation of nteA gene have lead to reduction in ied and 

gInA gene regulation. However, NtcA promoter for gltB and gltD genes, related to the 

GOGAT system, has not been found. Therefore; Rre37 might play an important role in 

regulatory mecruUnsm on expression of gltB and gltD during nitrogen starvation. 

In metabolic analysis, metabolites in glycolytic pathway such as fructose -6-

phosphate, 1,6 bisphosphate fructose, glyceraldehyde 3 -phosphate were reduced by Rre37 

disrupted strain compared with the wild main, thus supports that Rre37 is related to the 

regulation of gene sugar catabolism. TCA cycle metabolites playa role as carbon sink under 

nitrogen starved condition. All the metabolites of the TCA cycle except citrate increased 

during nitrogen depletion in the wildtype strain, whereas oxaIoacetate, fumarate, succinate, 

aconitate, and 2-OG decreased in Rre37 dirupted strain From above findings we conclude 

that 1) Rre37 positively regulated glycogen anabolic genes, thereby accumulating glycogen. 

2) Rre37 positively regulated sugar catabolism, and was involved in 2-0G accumulation. 3) 

Rre37 urged accumulation ofTCA cycle metabolites such as malate, fumarate, and succinate. 

Here we showed that Rre37 is also involved in the regulation of nitrogen metabolism, and 

therefore, future studies could extend the roles of Rre37 into areas other than sugar 

metabolism in this cyanobacterium. 

(Name: Ancy Joseph NO.3) 

In Chapter 3, we tri~ to enhance the biomass and glycogen production by distruption 

of antenna protein. Photosynthetic efficiency is directly related to the size of light-harvesting 

antenna complexes and in response to light intensity antenna size is optimized. At high light 

intensities, the rate of photon absorption by the chlorophyll antenna molecules in the surface 

layer of micro algal and cyanebacterial cells in cultures or pond environments exceeds the rate 

of photosynthetic reactions, resulting in the dissipation or loss of excess photons and/or 

photoinhibition of photosynthesis. Minimizing, or truncating, the chlorophyll antenna size of 

the photosystems can improve photosynthetic solar energy conversion efficiency and 

productivity up to 3-fold. Synechocystis sp. PCC 6803 strain has an antenna protein called 

phycobilisomes; it is possible to reduce the_.antenna protein by disrupting the ApcE protein 

that is part of a linker protein connected to the thylakoid membrane. The impact of 

distruption of apeE gene on biomass and glycogen accumulation has not yet been analysed. 

ApcE dirnpted muatnats were constructed and were cultivated under photoautotropic 

conditions. Absorption spectra analysis showed a large reduction in phycobilisome. Biomass 

production of apcE gene-disrupted strain, was almost double (1.24 g-cell-dry weightIL) than 

that of wild type strain (0.75 g-cell-dry weightIL). In addition, glycogen content also 

increased from ILl % of the wild-type strain,to 24.2% in apcE gene-disrupted -strain. Thus, 

under photoautotrophic conditions, absorbed CO2 would be utilized by the apcE gene­

disrupted strain for cell growth, rather than the production ofphycobilisomes. Together, these 

results demonstrate that antenna truncation by deleting the apeE gene was effective for 

-increasing biomass production and glycogen accumulation under photoautotrophic conditions 

in Syneehocystis sp. PCC 6803. 

In chapter, 4 we investigated direct ethanol production from cyanobacterium 

Arthrospira (Spiru/ina) platensis using lysozyme and a recombinant amylase-expressing 

yeast strain to eliminate the need for biomass pretreatment and amylase hydrolysis.­

Arthrospira (Spiru/ina) platensis is an attractive feedtock for biorefinery due to its highest 

growth rate and tolerance to high pH and salt. During environmental stress or change in 

cultivation conditions Spirulina tend to produce large amounts of a-polyglucan in the form of 

glycogen. Under nitrogen reduced conditions (3mM NaN03) it was found that glycogen 

. content is increased up to 60.9%. Here we tried to utilize this glycogen directly from 

spirulina without any pretreatment by using a recombinant amylase-expressing yeast S. 



(Name: Ancy Joseph NO.4) 

cerevisiae甜叫secre出gα・姐ylasefrom S帥:pto∞∞m加吋sand displaying glu∞amyl蹴

企omRhizopus oryzae on the ω11 surface was used for也e歯切tproduction of e也anol.By 

using re∞凶nantyωst the e伽 nolproduction w，ω2.2 g! L. Addition of lyso勾meω 也e

fermentation media w油 recominantyeぉtenhanced the e也姐01production to 6.5 g I L.τbe 

ωぬ1ethanol yield based glycogen∞nsumption was 86% of theoretical yield， which ωour 
knowledge， is the highest yield of bioeth底的1from 組 oxygenic phoぬS戸，thetic

nucroorgamsm. 

Consolida血gall the above we were able to co邸加ctmu匂臨 ofPCC6803白紙切n

utilize atmospb釘icωrbondioxide for也.eproduction of building blocks for bioche凶ω1and 

biofuel.The knowledge ofmetabolic ana1ysis岨dgenetic田原n岳町ingwill open new paths for 

ut1ization of cyanobacteria for伽theruse白11chemicals. A∞nsolidated methedology for也e
production of e伽 nolfrom cyanobac'匂rialglycogen wou1d be ecnomical and wi11 r，駅iuce∞st
of production. This study gave useful impliωtions for energy production using carbon 

dioxide 

(sIJ紙1) 論文審査の結果の要旨
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要 旨

大気中二酸化炭素濃度の増加とともに温暖化が進行している現状において、藍藻(シアノバクテリア)

を利用して二酸化炭素よりエネルギーを得る技術が注目されている。これは、1)藍藻が光と簡単な栄養

源のみを必要として二酸化炭素を吸収して生育できる性質を有している、 2)作物と比べて藍藻の光合成
効率は高く、かつ生育速度が速く耕作地を必要としない、事に起因している。本研究では・藍藻から有用

エネルギーを生産する事、-藍藻の代謝についてメタボロミクス(代謝学)の観点から知見を得る事、を

目的とした。

'まず代表的な藍藻である砂nechocystissp. PCC 6803株を使用して、バイオプラスチックの原料である乳酸
を生成する事を目的とした。勾mechocystissp. PCC 6803株はゲノムが解読されており、遺伝子改変が可能で
あるために使用した。乳酸を高効率に生成する細菌として乳酸菌が知られているが、乳酸菌の遺伝子を

砂nechocystissp. PCC 6803株に用いた知見は得られていなかった。そこで乳酸菌Lactobacilluslactisや
Lactobacillus rhamnosus由来のlactatedehydrogenase遺伝子(ldhBおよびldhL)を初めて使用して伽7echocystis
sp. PCC 6803株に導入した後に、これらの遺伝子が発現している事を逆転写PCRにより確認した。これら
の変異株および野生株の比増殖速度は0.0日 04時間であり、生育には影響していない事を確認した。ま
た、 0.04mMの乳俊市~S)碍echo句Istlssp. PCC 6803株内に生成している事も確認した。菌体内に生成した乳酸
を菌体外に出すためにLactobacillusplantarumのトランスポーター遺伝子(zz，φ)を同時に導入した。その結
果、二酸化炭素よりあ明echocys白'ssp. PCC 6803の変異株を使用して、 18sの培養後に培地中にO.l4-0.17mM
のL-乳酸を生成する事に生成した。

藍藻そのもの自体や、藍藻中に蓄積するグリコーゲンを、バイオリファイナリー基質としてエネルギー

物質を生成する事が可能である。そこで、藍藻のグリコーゲンを蓄積する機構を謂ベる事とした。

あmechocystissp. PCC 6803徐において明らかにされてきたように窒素欠乏時にグリコーグン蓄積が促され
る事は多くの藍藻で共通している。同時に2-オキソグノレタル酸が蓄積し、2・オキソグルタル酸を介して様々
な因子が関与して窒素欠乏シグナルが伝達される事が知られている。それらの因子の中でもRre37と呼ぱ
れるタンパク質は、 Synechocystissp. PCC 6803において糖異化の働きを持つ遺伝子群を活性化する事以外
の役割については明らかとなっていない。そこで、Rre37破壊株を使用して代謝学的知見を利用してRre37
の役割を明らかにする事を目的とした。Rre37破壊株では窒素欠乏時に見られるグリコーグンおよび2・オ
キソグルタル酸の蓄積が失われていた。グリコーゲンの蓄積に関与しているグリコーゲン同化遺伝子

g制 (glycogen5抑制e)およびglgC(glucose-l-phosohateadenylyltransferase)の発現が低下していた。以上の結
果よりRre37がグリコーゲン同化遺伝子の発現を促す事によりグリコーゲンの蓄積に関与している事が明

らかとなった。また、 2・オキソグルタノレ酸の生成に関与している Icd遺(I?伝ut子am(aisteowcai回mmIeondiea hlyiEdarsoeEle、ng笛lteB)や遡 2・
オキソグルタル酸からのGS-GOGATシステムに関与するglnA遺伝子(glutamate-ammoniaIig:ぉe)、gltB遺伝
子(NADH-dependentglu包matesyn由ぉeI釘gesubunit)、gltD遺伝子(NADH-dependentglutamate synthase small 
subunit)の発現が低下していた。 IcdおよびglnA遺伝子は転写因子NtcAにより制御されている事が知られ
一ているが、 gltBおよびgltD遺伝子のNtcAプロモータは発見されておらず、Rre37がGS-GOGATシステム
の制御に関与している可能性が示唆され、今後の知見の蓄積が待たれる。代謝学的解析により解糖系にお
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cerevisiae strain. secreting a-amylase from Streptococcus bovis and displaying glucoamylase 

from Rhizopus oryzae on the cell surface was used for'the direct production of ethanol. By 

using recominant yeast the ethanol production was 2.2 g! L. Addition of lysozyme to the 

fermentation media with recominant yeast enhanced the ethanol production to 6.5 giL. The 

total ethanol yield based glycogen consumption was 86% of theoretical yield, which to our 

knowledge, is the highest yield of bioethanol from an oxygenic photosynthetic 

microorganism. 

Consolidating all the above we were able to construct mutants of PCC 6803 that can 

utilize atmospheric carbon dioxide for the production of building blocks for biochemical and 

biofuel.The knowledge of metabolic analysis and genetic engineering will open new paths for 

utlization of cyanobacteria for further usefull chemicals. A consolidated methedology for the 

production of ethanol from cyanobacterial glycogen would be ecnomical and will reduce cost 

of production. This study gave useful implications for energy production using carbon 

dioxide 
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Lactic acid and glycogen production from cyanobacteria by metabolic engineering and utilization of 

~j( 
cyanobacterial glycogen for ethanol production 
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いてフルクトース 6リン費量、フルクトース 1，6ピスリン酸、グリセルアルデヒド3リン酸の蓄積が野生株と
比べてRre37破壊株で減少しており、Rre37が糖異化の遺伝子の制御に関連している事を裏付ける結果とな

った。さらに TCAサイクル関連の代謝物であるオキサロ酢齢、フマル酸、コハク酸、アコニット酸の蓄積

もRre37破壊株で失われていた。 TCAサイクル関連の代謝物は窒素欠乏時に炭素源としての役割を果たす事

が知られており、Rre37がTCAサイクル関連の代謝物の蓄積に関与している事が示唆された。以上の結果よ

り窒素欠乏時の砂明echo明白sp.PCC 6803株におけるRre37の新規の役割として1)グリコーゲン同化遺伝

子を正に制御してグリコーゲン蓄積を促している、 2)糖異化を正に制御して2・オキソグルタル1接の蓄積を

促している、 3)TCAサイクル関連の代謝物の蓄積に関与している、事が明らかにされた。
.，-.、

Synechocystis sp. PCC 6803株の生育を増加させ、さらにグリコーゲンの蓄積を増加させる事が望まれてい
る。一方、緑藻においてアンテナタンパク質を破壊する事により生育を増加させた知見が存在していた。ア

ンテナタンパク質は光を過剰に利用するため表層の菌体の生育が促進される結果、深層の菌体の生育を抑制

して全体の増殖を抑制してしまう。勾明echocystissp. PCC 6803株はフイコビリソームと呼ばれるアンテナタン

パク質を有しているが、チラコイド膜に接続させるリンカータンパク質の一部であるApcEタンパク質を破壊

する事によりアンテナタンパク質を減少させる事が可能である。しかし、その生育やグリコーゲン蓄積への

影響に関しては不明であったため、これを明らかにする事を目的とした。大気で12日間培養した結果、野生

株では0.75g-田ll-dryweightILであったが、 apcE:遺伝子破壊株では1.24g-田ll-dryweightに場加していた。倍化
時聞は野生株とapcE:遺伝子破壊株で、それぞれ21.3および24.9時間と変わらなかったが最大の菌体密度が増

加している事が明らかとなった。また、グリコーゲン含量も野生株の11.1%から、apcE遺伝子破壊株では24・2%

に増加していた。め咽echocystissp. PCC 6803株は窒素欠乏時にグリコーゲンを蓄積すると同時に窒素分の多い

アンテナタンパク質を分解する事が知られており、アンテナタンパク質の破壊はグリコーゲン蓄積にも有効

である事が明らかとなった。

最後に耐塩性を有する Arthrospira(，争irulina)platensis中のグリコーゲンを基質として藍藻から直接のエタ

ノール生成を試みた。 A.platensisは細胞壁が弱くグリコーゲンの抽出が容易であるために使用した。グリコ

ーゲンを蓄積する培養条件を検討した結果、 3mMNaN03と比較的に窒素分の低い条件にてグリコーゲン含
有率が 60.9%にまで増加する事を見出した。 A.platensisを直接、アミラーゼ表層提示酵母に供したところ、

エタノーノレ生成量は2.2gILと芳しいものではなかった。そこで、さらにリゾチームを加えた結果、 6.5gIL 
のエタノールを生成する事に成功した。この時のグリコーゲンからのエタノール生成効率は 86%に達してお

り、緑藻中グりコーゲンからの最も高いエタノール生成効率を達成する事に成功した。

本研究は、藍藻(シアノバクテリア)について、生理学的解析手法を用いて代謝プロセスを研究したもの

であり、乳酸・グリコーゲンの蓄積について重要な知見を得た。さらに、遺伝子工学的手法を用いてバイオ

リファイナPーのための原料として利用できる事を示し、二酸化炭素を利用したエネルギ一生産に対して価
値ある知見を集積した。提出された論文は工学研究科学位論文評価基準を満たしており、学位申請者 Ancy

Josephは、博士(学術)の学位を得る資格があると認める。
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