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CHAPTER I

INTRODUCTION

Presently, the utilizati

mainly due to the emi

combustion.

temperature, heavy sn | and hegwy, rainfall become to water
flood in Asian cou S hgCau Mming. The global energy
requirements are heavily degendentyon’fossilfuels, (a ‘. 130% of the present world

energy demand),. eseeable depletion of

limited fossil energ; esoufcesfvhict ; the next 50-100 years
' L; Kkl
(Veziroglu, 1987). Thérefq d clean, renewable and

sustainable energy resourcgs

H; is considered an ide uture. Compare to fossil fuels as

@ergy carrier in the

1s%sf 42 MJ kg™ for oil

traditional en /

future because“effit

==t : § —
(Perry, 1963). Wayis a main product of combustion thus, this,@‘the greatest advantage

of H, that enwronme‘ algfsiendly and reduces gl@bdl greenhouse gas emissions. H; can

- AUBINENIWEART-

transpomon and statlonary power generatlon

ammmmummmw



1.1 H, production

Presently, H, can be produce in three primary methods:

1.1.1 Production from “’%f

Conventlonally, d malnly els or natural gas by stream
— i
reforming at industri P ATS ‘oce con s: 1) reformation of the

feedstock with high- atural gas to obtain a

synthesis gas, and 2 and CO, from the CO

produced in the first stggf

Step 1.

Step 2

However, these process eRshdn.cenewable energy sources, generates

substantial sul@ln n and e te hTEi.'jS' In fact, most of
,,,,,,,,,,, \ 4

i jtely twice as much

CO, than of H, mlﬂl ratio - 'jﬂ‘
I *‘the¥ for*gene€ra 2 an 5f is Cal d“jtrolysis",

electricity passes through water in an Gnlc transfer devicgge, separate water into K

wwmmmummmw

electricity
20,0 ——» O+ 2H;




If the electricity used for electrolysis is generated from fossil fuels, then CO,
would be emitted in support of our electrolysis process. Renewable technologies, such as

wind turbines and solar cell can g nerate electricity to produce hydrogen from

e// France, an abundance of nuclear

|
nd th ))/Mmon method for producing H;

electrolysis with zero greenh

power makes electrolysi

s energy source, and

and%Seott, 1998). Both of

e ses are energy intensive

and generate CO . vironment friendly. On the

‘l.

other hand, the hy | '_ "'_-.,,_,;' : ‘\w jsms is one method to

J M = \
capture and accumulatg ‘p to pra \ pan and renewable sources
N

of hydrogen. 'rf*r T

¥ ¥
1.1.3. B]ﬁ)glc ""l"“gw

H, can l A N jk fermentation and
photo fermentatlogJ direc - AnotTﬂ'I optional method for
producing H, is by ?otosynthetlc mlcroorgam that harvesting solar energy and

AU HINHNTNYMNT

robes produce H, for two.prlnmple reasons. Flrstly, to dispose of excess

A AIRNITIN W ANBIRY

the production of hydrogen during the phosphoroclasic reaction of pyruvate and other 2-



oxoacids. Secondly, H, is a by-product of atmospheric N,-fixation (Rao and Cammack,

2001).

1.1.3.1 Photo-ferment

/

This methodg d | -.« -- 0 }Ia evolves molecular hydrogen
catalyzed by nitrogeder rgrogen;dgi‘-—_l”:-,'iiﬂrditions using light energy
and reducing compo J_ ;—‘ ' ' ) hote \ lig.bacteria are able to use simple
organic acid as i

he overall reaction of H,

production can b

L i A ‘ aerobic bacteria can produce

H, when they were grown in; .._,.« ." N . ; pditions by using carbohydrate as

substrate. The _-:';-‘..7 of microbial bduction is d ', e‘,@)erobic metabolism

of pyruvate. P e_.%entatlon pathways

leading to hydro from the glycolytic breakdown of carbMdrate derived sugars,

WhICh enzymes a‘ cated in breakdown ruvate to intermediates involved in
2]

-AUENERINERT -

HaIIenbm( 2009):

RIRIT MINTINEIA Y

2. Pyruvate: ferredoxin oxido reductase (Pfor), in clostridial-type fermentations.

Pyruvate + CoA + 2Fd (ox) — acetyl-CoA + CO, + 2Fd (red)



In both cases, acetyl-CoA produced can be converted to acetate with concomitant

ATP synthesis from the acetyl-phosphate intermediate.

1.1.3.3 Biophotolysi

Photoautot ae and cyanobacteria, process
chlorophyll a to capt e-systems, PSI and PSII to
duetion 1S often conducted in two
stages under different _ iti ! : fage,for Cell growth followed by
the second stage. / ; otosyn the RroCaSeuthe pigments in PSII
absorb the photon i€ rel whep H;0, s, Bit, aregenerated electrons are
channeled through the , oc on fanspe %A These electrons are led

e v:'" \ . .
through several enzyme o t % 1"’ e elg@tronSyor reducing equivalents are
a— | \

and cyt@chrome complex to PSI. The
pigments in PSI absorb the lightaatch-furthe 8Sfthe energy level of the e to reduce
the oxidized ferredoxin d) "?- adenine dinucleotide phosphate
(NADP+) intost! =' C Ffeaucing 1orms. ine proton graaieni Aed aeross the thylakOId
A
ﬁ il

nd NADPH via a reductive pentose phosplate pathway or Calvin
cycle for gel s redyc r on Linsid I as carbohydrate
(CHZCﬁ nd sm |t ng t Hlva n floxin) can

also be ed by hydrogenase or m“ogenase to reduce Arotons for productl

IIRNTIAATING §

membrane drive P synthase. CO; is

reduced with AT




Figurel The ﬂe at| @r‘]d biophotolysis of
m M
photo 'otrophic microorganisms. The electrons or réducing equivalents from

f i3k} VENINTANT.

and carbohydrate (CHZO)ﬁre accumulated i de the cells. The re

R THNIINBIRY

(Yu and Takahashi, 2007)



1.1.3.3.1 Direct biophotolysis

This is an attractive process since solar energy is used to convert a readily

available substrate, water, to 02 photosynthetic reactions as following
equations. \ /

ferredoxin. A po | : ‘ .:;,E-: }i} ‘ ‘ Mgas. Cyanobacteria are
potential microbial i : odu ﬁﬂ 2 direGt ~~ is, using nitrogenase in
filamentous Ng-fixingj " r ;f a -;“ JAriabilis, P84 (Sveshnikov et al., 1997;
Borodin et al., 2000) or b = r q\ n uniceIIuIar non-Ny-fixing

cyanobacteria in Synechococcu :_7_;.--.-. {Aphanocapsa montana (Howarth and
LW :
. o Y

reports e squ:as Chlamydomonas

—————— ' ""j]d Happe, 2004).

Codd, 1985).

(Frenkel, 19521

-

IIL Ty

1

1. 1'I 3.2 Indirect biophotolysis ' |
E] i “TYJEI NSNS
consis ﬂ ntAesls aceéumu (starch in

mlcroalgae and glycogen in cyanobac‘rla) and dark fer atlon of the carbon

Rl EL HRIVIRHARY

hydrogenase and nitrogenase may sometimes originate from the intracellular energy

reserve including carbohydrate. The overall mechanism of H, production in cyanobacteria



can be represented by the following reactions (Yu and Takahashi, 2007; Manish and

Banerjee, 2008):

hydrogen is evo “phoatosynihesis € hydrogenase enzyme
Yahobacteria can induce a
‘ i J L |'1 L ‘..l. . . .
NiFe-hydrogenase th AD(P) StrateSyin H, evolution different
from green algae that o a'e Wydrogenase and re \"-. redoxin as the substrate for
producing H, (Troshina effal, 20€ )2).- The'| piologial H, production is the great
e |
public interest since it promis -a.fren ewable gy~carrier from nature’s most plentiful

resources, solar energy ane

!ﬂgical processes are
) '
operated at an amm nt temper rmal preﬂ[e. So, these processes

are not energy mten@eﬂ addition, fermentatlug production production processes

-HUHANHATHEANG

acids h to be separated, otherW|se they will pose water pollution problems. A

QRN eIk iV tiak1]

way for clean energy.



Table 1 Advantages and disadvantages of different biological processes for H;

production *

Disadvantages

Type of Advant
microorganism ‘

g‘S‘

Green algae -Require light for H,
oductlon
an be dangerous for the
Cyanobacteria ’ 3 ’ drogenase enzymes
i \ e removed to stop the
0% O, present in the
Shes inhibitory effect on
"'-.\\ présent in the gas
Photosynthetic Can Use different vaste F qlre light for the H;
bacteria matgfialsilike; whey, di pr@duction
etc. — -Fermental broth will cause
-Can use ‘:a eCtrun water pollution problem
Fermentative k ‘7iﬁi¥1iiiii-'liilﬁ -::5;—“-:-“:._—- --------- d broth IS
bacteria L A ( \. dergo further

—' -IT'Ce before disposal
source like, Sta OBTOSE, otherw it will create water
sucrose, xylose, etc and so pollutiof problem

t types of raw mater -CO;, present in the gas

ﬂu&ﬁﬂemewﬂwnﬁ

acetic acid, etc. as by products
-It is anaeroblc p’cess o there = (V)
Q iQble Y- L.TIr.Y




10
1.2 Cyanobacteria

Cyanobacteria are prokaryotes that belong to the bacteria domain and are
characterized by the ability to performe ni
blue-green algae, blue-green /

comes from the colg ' ia, e d:kya Qe means blue). They are a

photosynthesis. They were known as

e phylum Cyanophyta, phylum of

The name "cyanobacteria™

significant componep mng' aTekan, If palkant primary producer in
ysconceivable habitat, from
oceans to fresh water i K {0 Soik-an@”extrémes habi At A\Vitton and Potts, 2000).

; - A =A% Ny . i
They can live in extre €s BB °Cha idha few species are halophilic
4 . / ‘\‘ n."

\

or salt tolerant (as ;. for O pal , peficentale ofsalt in seawater is 3%).
a4\ \
L ; " i - " - -
The ability of cyanol to % '-;; genic _\- hesis is thought to have
converted the early red o-‘;.p{.',ﬁn_ —]'- Joxididing one, which dramatically

oking an explosion of biodiversity

;ﬁ:—iﬂns. According to

mdhave evolved from

changed the composition ofllf ‘” W

and leading _,

4
-

e
cyanobacteria via Mosymbiom :

f..amﬁml N (EAN (N (1T N

dlfferentlate into four different cell tyggs; 1) Vegetative cﬁthe normal, photosyvtlc

YRR IUHRVYINB IR Y

moblllty and symbiosis are short and mobile filaments formed in response to different

environmental stress. 3) Akinetes, the climate-resistant spore-like cell that may form

when environmental conditions become harsh. Akinetes contain large reserves of



11

carbohydrates, and owing to their density and lack of gas vesicles, eventually settle to the
lake bottom. They can tolerate adverse conditions such as the complete drying of a pond

or the cold winter temperatures, and, as,a o sequence akinetes serve as "seeds" for the

growth of juvenile filaments Qe ' i_ons return. (Meeks et al., 2002).

4) Heterocysts, cells will 2" K Ce e enzyme nitrogenase, vital for
ey

| ! envelope consisting of an

inner layer composed yoli N \: \"'*-:.,\l' \‘"m_‘l'.;: of polysaccharides

: - and (3) then have an
' A O

increased level of i | : ‘ \“s 2l lgi, 2002; Tamagnini et

' _ \“ﬁ. o‘ fixation and are able to

fix nitrogen gas into ._ ¥ AN O orfpitrates (NOgz) at ambient

atmosphere which can be ad by plants onvertéd to protein and nucleic acids

atmospheric nitrogen cannot be ......a:.._...-r"_
¥

s ...J? .-*J

1.2.1 Gyafol
L\

The cyanojjter ‘ Best characterized strain,

unicellular non-nitrogen (Nz) fixing cyanobacterlum growing in fresh water.

Eﬁifiﬂoﬁﬂﬁﬂﬂm SHEINT

obtain energy from glucose which isgfised as a carbon soulce, and light as an ener
ARIRINTUHRVINEIR S

used model organisms for genetic and physiological studies of photosynthesis for reasons;

it is naturally transformable organism and grows heterotrophically at the expense of

glucose (Rippka et al., 1979; Williams, 1988), and genetically well characterized with a
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sequence genome determined in 1996 (Kaneko et al., 1996). This was the first genome of
a photoautotrophic organism to be fully sequenced. Sequencing was carried out using a

clone-by-clone strategy based on the physical map of the genome, resulting in a highly

. @genome, resulting in a

ist] ototfophic organisms. Since

The cyandbactegiim $¥ng I@Qy lf.é; B0 \ defined as a unicellular
i “.‘. o | "-.I \‘-.!.
coccoid, or sphericalCyan@bacierium J’& : ‘v-t,\ ath. It divides by binary

".’f
\

more complex than other @fram#pegative bac _ fhat i8€ontains an internal membrane
Mo .

%

fission at two or threg#Sucg®ssive plane ; _hocy i spalPCC 6803 is considerably

29
e

system, the thylakoid membranes;

structures orgauz

-
the ubiquitous dis!ﬁ)ution to

conditions. A few da‘ Kavailable regarding ﬂaitation of natural populations, most

~AUBINHRTNHINT

capaciti“o a chosen environmental or stress factors as well as for solving agricultural

bk RuRIE b T}

psynthesis occurs. In standard thin

: j@rnal membraneous
=5

. JCyanobacteria owe

[’
0 adapt ;ﬂlj}/arying environmental
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Figure 2 The‘urcular genome of Synechocystls sp. PCC 6803 according to

ﬂUET“’JWETW?W g3
qmmmmummmw
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b, /.,
M

1—'

quimensREns

Figure ? (A) Cell of the unicellulargyanobacterium S)Bhocystls and (B) sc

R AYATEHURATNEAGE

(http://cosmology.com/Cosmology3.html)

(http://www.danforthcenter.org/imf/pakrasi/animation.htm)
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1.3 Enzyme involved in H, metabolism by cyanobacteria

Cyanobacteria carry out both hydrogen consumption and evolution functions.

Two classes of enzymes, hydroge b nitrogenase, are involved in catalyses H,
metabolism. \“

1.3.1 Nltrogena==—- " —ﬂ-

Nltrogenase}t/ e e heterocysts filamentous

cyanobacteria such as aslikawa et al., 2001) but also

,
.,

present in some Tnicell ifs fSynechocaecus 'sp. 8yi el al, 1986), Cyanothece
086) The activity of this

multiprotein enzymeg€omg x or nitfogenafikati assentidh for maintenance of the

& A , \ .
nitrogen cycle. This en me ~-..-’x---. ' /r Of Nithogemkio ammonia, and produces

hydrogen gas as a by-p 0 mestAll P and has the general form
(Hansel and Linblad, 1998).
k No-8H 486+ 16 AT 2NHet Hot 16 ADP + 16 Pi
W)

- |

. «

||
H, evolution b nltrogenase requires con3|derable of Q‘ctrons reductants and

Bl ETWT 3V (irh 21 I

double those required for CO, flxatlon‘nth an overall mmmm quantum requwe

R RN UIRIIRHARH

dlnltrogenase (MoFe protein: a,[32, encoded by nifD and nifK, o and B respectively) and a

dinitroganase reductase (Fe protein: y,, encoded by nifH) (Figure 4A). There are thiee
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types of dinitrogenases depending on the metal content. Type one contains molybdenum
(Mo) (Thiel, 1993), type two contains vanadium (V) instead of Mo (Kentemich et al.,

1988) and type three has neither M n r V but it contains iron (Fe) (Bishop and

Premakumar, 1992). The dinitr dyetion of substrate molecule whereas

the dinitrogenase reduct onors such as ferredoxin or

\byctabBlism which catalyse the

oxidation of hydrogeng® prafon e e ioh offpralenSuhydrogen (Smith, 1990).

ding to the metal composition of

- Q metal-free-H,ase

(Vignasis et al.,”2801)% v ifferent NiFe-H,ase

Hydrogenase in micioort

the active »I;I'"t!”’?!:!!f”?!E?;:_i:;,E*”' 2aSe,

| |
H 1998' Schlegel and Schneider, 1985), an

““Wﬁrmﬂmwmm

1.3.2.1 Uptake hydrogenase

1) A IR AnaIas

utlllzes H, evolved by nitrogenase enzyme. Previous reports shown that uptake

(Apple and Schulz take hydrogenase and

hydrogenase is a membrane-bound enzyme (Houchin and Burris, 1981; Lindblad and
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Sellstedt, 1990; Rai et al., 1992). The uptake hydrogenase is encoded by the hup,
hydrogen uptake, genes is a heterodimeric enzyme with a large subunit of about 60 kDa

containing the active site (HupL) enco ed b hupL and a small subunit (HupS) encoded

, 2007; Madamwar et al., 2000).

1.3.2.2 Bidirectional/R

Apart fro gbacteria have another hydrogen

prOdUC|ng enz e . the reversibie or Dbiairection: é_j)rhls enzyme is a
t ﬁx "&Se structural complex

heteropentameriC,

(HoxY and HoxH=ercoded by hoxY and hoxH, respectively) anouldlaphorase component

iiilﬁm Eiﬁt;ﬁ 14 %‘wmﬁ ff::;:iz

found i oth Ng—flxmg and non- N‘flxmg cyanobacterla (Kentamlch et aI

qhydrogen Elsbrennereta 1 amagnini etal 2002) ephyS|o oglcal unctlo

this enzyme has been a matter of speculation and is still unclear. One possible is that
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A Nitrogenase

N2+H+

B echio al hydrogenase

" HoxE Hu:l..l
19kDa cokDa

= MNADH

HoxF
58kDa i

'
D, il
Figure 4 Enzym directly involved in hydrogen metabolisim™in cyanobacteria. The

AUl VS W

both nitrogen-fixing and r"h nitrogen-fixing &mobacterla (MOdIer fgom

R ANFRUNTINGIG Y
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bidirectional hydrogenase function as a valve for low potential e generated during light

reaction of photosynthesis (Apple et al., 2000).

1.4 H; production in cyanobact

Various paramete n in different ways, (1) the

—
environmental condlm I|gh, tempmw, nutrient availability,
gaseous atmosphere ay ' ' I ge produgtion.  Requirement of different
7 roduction. (2) Intrinsic
or sensitive proteins,
i.e. uptake hydroge i “ Nesprese } Migs inhibited the activity
of nitrogenase and hy v g ? mes -7 utta et aly 200° nr and Zeikus, 1994;).
Different cyanobacteri i"' difi ‘ {requiren - t for optimum hydrogen

production.

Filamentous cyanoba

nitrogenase ark:hd

by the activity of the enzyme

eral saientists focused on
5

MIJB-GZQ. The highest
|

onditions .ﬂijh + CO; (0.3%), total

hydrogen evolutiifﬂwas obser
incident light was 1. wurg cm? st and 32 ul dry wt™ h* (1.33 pmol H, (mg dry

- AUSTRUNIHEANG -

non n|t n fixing cyanobacterium Gloebacter PCC 7421 demonstrated high hydrogen

QNIRRT [N

W|th hydrogen evolution values of nitrogen fixing heterocystous cyanobacteria such as

Anabaena fos-aquae UTEX 1444 (1.7 pmol H; (mg chl a)* h™), Anabaena cylindrica
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UTEX B 629 (0.91 pmol H, (mg chl a)* h) (Masukawa et al., 2001), Anabaena
cylindrica (1.3 mmol H, (g dry cell)* h™)(Weissmen and Bonemann, 1977), Anabaena

variabilis (0.6 mmol H, (g dry cell)™ h"), (Markov, et al., 1997). However, the H,

eII) h™) when the heterocysts of

(Kumar and Kumar, 1992).

L} .
rogen production such as
W' h™), Calothrix scopulorum

1410/5 (0.128 pmol H, (mg f) ‘j othrix membranacea B-379 (0.108

ﬂ-—-"'.v’_’_
umol H, (mg @v '

culture vessels@_

t the surface of the

The fresh v?/J ter cyanobacterlum Synechocystls sp. PCC EQ% is a unicellular, non-

:ﬁiﬂ;ﬂﬁﬁ“ﬂﬁmﬁ WIS

hydrogenase and the presence of genes@hcoding a b|d|rectlﬂ hydrogenase (Tama
RIREATUURIIRBIR

bldlrectlonal hydrogenase enzyme in Synechocystis is a pentameric NiFe-Hase utilizing

NAD(P) as substrate (Apple and Schulz, 1998; Schmitz et al., 2002). The corresponding

structural genes, hoxEFUYH are cluster together with three open reading frames (ORFs) of
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unknown function(s) (Kaneko et al., 1996). The HoxY and HoxH subunit form the NiFe-

H.ase moiety, while three other subunits (HoxU, HoxF and HoxE) homologous to subunits

of complex | of respiratory chains, caontain NAD(P), flavin mononucleotide, and FeS
7 1998; Kaneko et al., 1996; Schmitz

,there is no Hase activity in a

that they can produced of\0. 8 | \ Mt a)* h™* (Howard and

\ "x\. r

atlllcast 4 times (Antal and

Wad condition, 100% CH,

Linblad, 2005). The bidig€tiopalhydroge I8 orgdhism may function as a valve
for low potential electrons g :‘35%? ed-during ht reaction of photosynthesis, thus
preventing a @I g '
(2002) reportech .

-
NAD(P)H througtMe ND
467 fold and found t@ﬁa specific activity of ogen evolution of 46 pumol H, (mg

~AUIRENIREING

and pH (Schmitz et al., 2002). USI response surface methodology to determine the

ammﬂwwﬁfwmaﬂ

For hydrogen production by the activity of bidirectional hydrogenase, electrons

0). Cournac et al.
-
|_g’ited by recycling of

. In 2002 @J‘s enzyme was purified

are required to combine with protons to form hydrogen. The protons are plenty within the
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cells, thus the number of electrons available is the main limitation of hydrogen
production. Nevertheless, electrons are used by competing pathways such as Calvin

cycle. In consequence, one strategy for.an enhanced production of hydrogen is to direct

the electron flow toward bidir zyme and away from competing
pathway (Tamagnini et a_____l R milation is one of competing
pathway. Figure 5@ ion= similation and hydrogen
production in cyanobactetj ‘ /. The pathway shows that
nitrate reduction to n gnium are competing and
withdrawing ele . ial nitrate and nitrite
reductases rely o es and Herrero, 1994
Flores and Herrero, v / ' r na vis of hox gt ) X pression in Synechocystis
sp. PCC 6803 under l . / \ ndicated an increased in
transcription level (Ahtal al.,_ ." .7_ ; ults re observed by Osanai et al.

y
4 1 F
A

3 f{. "
(2006) who reported that Synech@eystis-sp-P¢ under 4 hour of nitrogen starvation

conditions showed an i

I

! On the contrary, Gloeocapsa

alpicola CALY- ¥43 growing. under_nitrate fimitmgcond) fs¥sAbwed an increased

bidirectional hyd 5 n ns % tion level of hoxY and

:
ﬂ ‘ﬂ)
hoxH (Sheremeti et al., 2002). In addition, Gutthann e (2007) studied the

CHUY Ao %’wﬂmﬁ‘::::;

hydrogen uptake when nitrate reductag¢’ was inhibited in ﬂs grown in medlum

AIATUUAIINHIG Y

a most important electron sink.
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thylakoid

Figure 5 Schematic model of-léciron transpofiPathway in hydrogen production in

Rase; PSI:LQhotosystem I; PSII:

-J‘._..._.__........__.....-........__....._-........_._'...';) ~1: Comp|ex I-like
1) 4

ph

AUEAMBYNENT
QRN TUNRINYINY

plastocyanin; Fd:
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1.5 Nitrate metabolism in cyanobacteria

Nitrate, ammonium, urea and dinitrogen are the most abundant of nitrogen source

in nature for plants and microorganisms |trate assimilation is the most common

mode of nitrogen nutrition in.cys r|a are able to grow with nitrate

. te as a source of combined
—— . =

nitrogen (Rippka etW

et al., 1981). The i e into the cells by an

active transport sy e transporter mediates
the uptake of nitrate he nitrate is reduced to
ammonium by the seque 3 .-'—-.-—:-r-:w;& tase (MR) and nitrite reductase (NiR)

(Flores et al., 1983). The resu educed into carbon skeletons through

the pathway cmo s GS-GOG, ia jz?l'j)n of two enzymes,

glutamine syntl jet al., 2005; Muro-

Paster et al., 2005@ show :E]l

i ee dIStInC‘ of NRTs have b8&a¥ identified in the cyanobacterium
Synecl

BdA b 3 PEN ﬂﬁ

bacterlum:’aracoccus pantotrophus t.gre are two dIStInCt nltrate transport systems one

assomated with one membrane protein. In fact, several genes additionally involved in
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F|gure 6 M3 nitrogen assimilation pathways in cvanchz fa. Nrt, ABC- -type

nitratemi rite , orter; Amt, ammonium
lll' ~|'
permedsé Nar nitrate reductase; Nir, nitrite reductaSé; NifHDK, nitrogenase

Al TN (118 1l bWV e

synthetase GOGAT, gluta@te synthase. (Flor nd Herrero, 2005)

ammnmwwwmw
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nitrate transport have been described in the green alga Chlamydomonas reinhardtii and in

plants (Galvan et al., 1996; Quesada et al., 1994; Daniel-Vedele et al., 1998).

Although there is a general reliance on the involvement of nitrate transport
systems in nitrate utilization, }v

/ chemistry of nitrate transport in
nitr Wacterial cells has been widely

,_.-_—

Mal medium (Flores et al.,

concentration, a low affj \' UESRK MM ), when the low external

ansport system (HATS,

5<Km <200 uM am " 98 i felericls frofiknitrate, external nitrite
"'u

at the low concentr ' rt.into th 3 ‘. pacCtelial cell by two distinct

mechanism; (1) by a " ‘. ““of _nitrite /( }\ \ Mich is sensitive to N,N-

dicyclohexylcarbodiim‘ide DCCB . .pa e diffusion of nitrous acid

v
i

e
1987). ASSIn
AT a'
itself, but is related to its.asst *""':“’A oduct

']

(NHOy)(Flores et al.,

fffate is not regulated by ammonium
: obacteri_a, i.e., Aphanothece

halophytica (I8el K W Ipa,..2003),“Anacystis. Aidlilans (Lara et al,

34 CY
I@ I
uptake was asc ed to contribution by the pH gradient” in the halotolerant
Cyano y Er ﬂﬂ rﬂ Elzwi‘ﬂ .
Synec c sti encodinginitrgteyir nrtC and
nrtD) are clustered together with NRgf(encoding by naﬁ&:alled nrtABCD- nar

IRIRIATUURYIN Y6

nrtABCD narB and nirA (encoding NiR) (Aichi et al., 2001).

1987), and Anaba rgaﬁc component for nitrate
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1.5.2 Nitrate assimilation enzymes/genes

1.5.2.1 Nitrate reductase

Cyanobacterial

homogeneity and charact \ @/(

. 1.7.7.2) has been purified to

con5|st|ng of a single peptide

to 85 kDa in fik ¢ nénheferopystiios keyandbactegumeRlectonema boryanum
(Mikami and Ida, 198%). _ is.assogiatedyvi 1‘-»;\{'”'—...- membranes in both

uni-cellular and filangf ar r . f1anze .'T‘*a.l 1976; Ida and Mikami,

\

nitrate reductase. When the§enzymeigaia alyze educti@p of nitrate to nitrite, two mol

of ferredoxin are oxid zed -'ri:‘--“-'.-t
ﬂ'f o .3'

r@mgdonor for the cyanobacterial
A

’duced (Mikami and Ida, 1984).

Interestingly, Synechocys s only one copy of the NR gene,

I

narB, in its gef -"1--:—;;_-‘_;3 """"""""" KaZuSa.or.jp/Cyano/ Sy CYSi ndex html) In all

i ; st;%?wnstream of nitrate
I

the encoded NR is subjected to repressmnﬂi‘ ammonium present in

cyanobacteria

transporter genes,

“”fﬁﬂmwamwmm

1.5.2.2 Nitrite reductase

LAIAY MR ANHISY

nltrlte to ammonium. The molecular weight of this enzyme is 52-56 kDa, which contains

a [4Fe-4S] cluster and a siroheme as prosthetic groups. Reduced ferredoxin or flavodoxin
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from photosynthesis pathway are physiological e donor for nitrite reductase (Manzano et
al., 1976). This enzyme was found firmly bound to thylakoid membrane of cyanobacteria

Synechococcus sp. (Guerrero et al., 197

{’/ /% nder environmental changes with

ed b%sme r, there have been very few

The strategies used b
high salinities have be

studies on relationshi stress in cyanobacteria.

The effects of NaCl e ake in A. torulosa and

Anabaena sp. PCC ‘ / 1 03¢ i d riwari, 1999) but not in A.

1. To examine the congl on Qiving {16 ] ) C ydrogen using wild-type

2. To investigate nitrate a55|mll on with emp pitrate uptake
,/‘3 y

3. To determl@y nin | nt jln (AnarB), nitrite

_ erate reductase and
==t : |F =
nitrite reductasﬂ'dmar:A ype strqjﬂ‘

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw




CHAPTER II
MATERIALS AND METHODS

2.1.1 Equipments __—.- C Sr

Autoclave

Bead Beater
Centrifuge
2V DUPONT, USA
K, USA

\‘. PTEIN® Il xi Cell, USA

Electrophoresis Unit AD F

‘ -15A, Shimadzu, Japan

awlett szard, USA
_fientific Supply,

Gas Chromatography

High Performa;ﬁ Liquich€
Laminar flowk— e — I Internationa

L

M {
Light source unit Prekeo 8250 Zeiss IKON, Japan
Japa | = I A
pH meter .' ORION modejed0A, USA
Power supply BIO- RAD POWER PAC 1000, USA

BIO-RAD Model 1000/500

Shaker Innova™ 2100 PLATFORM SHAKER, USA
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Spectrophotometer SPECTRONIC®*GENESYS™?, USA

Jenway UV/VIS 6400, USA

Ultracentrifuge L-
Vortex Scientific Industries,
USA

Water bath

o k, Germany
3-(3,4-dichloropheny!)-14f-di Uiea g | \Sigma, USA

Acetic acid AN ‘M\BDH, England

Acetone erck, Germany
Agarose Promega Corporation, USA
B-mercaptoethab@bs——— Sigma,LUSA

A1

Brilliantblue — = = Sgma, USA
i} i
Bromophenol blueu Sig l USA

20003 koh (20 [k g Ya)

Dithiothﬂtol (DTT) ¢ £Sioma., UsA A
ARARINIUARTING 1A Y

Ethanol Scharlau Chemie S.A., Spain
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Ethidium bromide Sigma, USA
Ferredoxin Sigma, USA
Glucose Sigma, USA

Gramicidine D

Isoamylalcohol B —

Isopropanol

Glycerol \\‘, /// Scharlau Chemie S.A., Spain
icidi / Slgma USA

Mercaptoethanol
Methanol - £ 4 N | Chemie S.A., Spain

Metylene blue

Monensin

Methyl viologen ‘ . --'JL_ & y 5 A % rha, USA
N, N -dicyclohexyl carbo. ( | igma, USA
N-2-hydroxyethy|piperazne- ‘ .;...,.'.,.i j--i acto Sigma, USA
(HEPES) :

\ L

Nicotinamide Atlehiosine-Dinucleotide-tNADR SIS A

Nigericin ' ﬁ- . Q@USA

Phenol v MercK, Germany

Sodiu

Sod.uFI;ﬁEI’JVIEJVﬁWET‘Im

Sodium chlorlde S Australia
ARININTU UM NN A Y

Sodlum dithionite Sigma, USA

Sodium dodecy! sulfate Sigma, USA

Sodium fluoride Sigma, USA
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Sodium thiosulfate Sigma, USA

Sorbitol Sigma, USA

Sucrose ' . Sigma, USA

Toluene \\‘"y// ; BDH, England

Tris base &\\ // USB Corporation, USA
-—;

Tris HCI —

———===sfffina, USA

Triton X-100 ckard, USA
Tween-20 -RAD, USA
Urea

Valinomycin

2.1.3 Enzymes

Klenow polymerase - H“.. nvitrogen, USA

Lysosyme Sigma, USA
Platinum Tag DNA polyme a vitrogen, USA

Restriction enzyimes——————————Fermentag) Canada

il I’
Shrimp Alkaline ﬁp ; er
i) il

2.1.4 Antibiotics

Amp.ﬂumnamwmm

Chloram enlcol gma USA

QWTMﬂ’im IR Y

2 1.5 Kits and suppliers

tas, Canada

Nylon membrane filter 0.45 and 0.22 pm Sartorius, Germany
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PCR purification kit NucleoSpin® Extract 11 Machery-Nagel, USA
GeneRuler™ 1 kb DNA Ladder Fermentas, Canada

GeneRuler™ 100 bp DNA Ladder Fermentas, Canada

A DNA/HindlIl Marker "//// Fermentas, Canada

Quick ligation™ Kit ; —)ol_abs
pG EM®-T Easy \y §3lee - r'omega, Canada

2.1.6 Organisms

sp. PCC 6803
5803 wild type (Williams,

1988), were obtaine ol ;‘ y of Bhysiologikand Molecular Biology,

Figure 7 Synechocystis sp. PCC 6803 jif BG11 medium

QW’]Mﬂ’iﬂJﬂJW]’WIEI']ﬂEJ

2.1.6.2 Escherichia coli strain DH5a
The E. coli strain DH50. was obtained from Department of Photochemistry and

Molecular Science, The Angstrém Laboratorie, Uppsala University, Uppsala, Sweden.
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Strain DH5a (F- ¢80lacZAM15 A(lacZYA-argF) U169 deoR recAl endAl hsdR17(rk-,

mk+) phoA supE44 thi-1 gyrA96 relAl A-) was used for DNA manipulation.

2.1.7 Plasmids

The three plasmids, nam d pBR325 vector were used

Table 2 PCR primgf ¢ystis sp.PCC 6803 chran DNA
Amplified
Target gene fragment
length (bp)
narBF -
narg ¥y NPT 2,440
narBR2  J5-CABAGGCTATE] 2;
i =
nirAF
nirA 1,646
nirAR
Table 3 PCR Ters
i iy
| 1;:.
I | .
| 1 Amplified
Target gene Name Oligo sequence fragment
‘ length (bp)
= s
Kana/vﬂ i 1,376
-cassette ®

KnSBKR1 | 5-ATAGGTACCTATCTGAAATTCTGCCTCGT-3

CmF3-
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2.2 Methods for Synechocystis sp. PCC 6803

2.2.1 General methods

=

The cyanobact

——

PCC 6803 was grown

chocstls

photoautotrophicall 3G Mm C( ntal .;\\,ul G miMNaNO; as nitrogen source
- NN

buffered with 20 addition, the mutant
strains, AnarB, Ani _ ' ’r arB "8 grown in BG1l, (BG11
medium without nitr taiming*3' 75\ 'O, (W), SO, as nitrogen source,

supplemented wi ramphenicol, and both of

kanamycin and chi o !'.. e mutant AnarB:AnirA
respectively. The initig , ih OD73 of 0.1 and cultures
of 100 mL volume were gfowg 'r:;lf”q'-: ve fla | S on a rotatory shaker at 160
rpm, 30 °C under continuo 'f'}' on :; ' '23‘1 with cool white fluorescent
lamps. TWO-H’&} @ day to determine
growth rate by ¥agas 0 with a Spectronic®
— i
Genesys "2 specuhotometér. Other growth media used: i&ll-c-deprived (BG11
medium without NaZ‘WGll C-deprived plugigdifferent sugars (sucrose, fructose or

UL NENINERT—

MgSO4M|20 replaced with MgCI2-6 o, Co(N03)2-6H20 replaced with CoCIZ-GHZO

A 19N ﬂ“‘ﬁu IMANYIAY

medlum containing 15% glycerol.
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2.2.1.2 Chlorophyll a measurement

The total amount of chlorophyll a (Chl a) were determined spectrophotometrically

at 665 nm in 90% (v/v) methanol extrac ckinney, 1941).

2.2.1.3 Cells prep neasuring iiction

harvested by centrM o P

washed twice in desirgg®medil "‘| el f each desired medium.
After 24 h of precultur el Were harvestedthe Bllet resuspended in 5 mL of

medium and tran 70 | /ig, hafoke\Sealet, withlg rubber septum and a

proper screw lid. Thefvi a bubb -; ] ge 5. in to get rid of oxygen
before the vials were, upside o .' [ aerobic condition at room

‘:,'

temperature.
',f.f..
P -
2.2.1.4 H, productig ;"'{fw

At timésntervals, He concentrationin the hea : 2l was measured via

o8 g lals it
m @
by a Gas Chromatograph (GC-15A, Shim

y

Fud ey W

column oven temperature was 50 °C. @he argon carrier gasyflow rate was maintajgjeg at

ARAANNIUARTING 1A E

400 pl of head FSp gas tight syringe. The

sample was anal zu, Kyoto, Japan, 2 m
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2.2.1.5 Bidirectional hydrogenase activity assay

The activity of the bidirectional hydrogenase is measured as evolution of

hydrogen in the presence of methyl vi Ib ? educed by sodium dithionite, using gas

|

chromatography. The reaction,

%1 mL cells suspension, 2 mM
dithionite in. - phate buffer, pH 7.0 under
anaerobic conditiow P e ere——T

aking at 30 °C. Activity is

reaction is started by the additign et=306-ry \Q: to the suspension kept at 30 °C in

e )
Isﬁé cells suspension is
A 2~)

.t}nt remaining in the

rapidly filtered§hie

= |
filtrate was detern‘ﬂ‘ﬂed by anio ypersil-lqEFx column, 250 mm x

4.6 mm).

AUt Aneninenns
wisamsly

BTL MR 1B AR
sp. PCC 6803 in BG11l medium (OD3; > 0.8). The pellets were collected by

centrifugation at 4,000 x g for 10 min and resuspended in 535 ul of TE-Buffer, pH 8.0 (10
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mM Tris-HCI and 1 mM EDTA). Then 60 ul of 20% SDS and 60 ul of proteinase K (1
mg mL™) were added into the mixture and incubated at 37 °C for 2 h. After incubation,

100 pl of 5M NaCl and 80 ul of CTAB:NaCl (10% CTAB in 0.7 M NaCl) were added

Al
and incubated at 65°C for 10 mip, Thel % centrifuged (10 min, 10,000 x g) to
remove major amount of - a@pematants (containing total
e it i e at, 800 ul (1:1 volume) of
Chloroform:lsoamyl'_al_co v : ed _\ \‘L at 12,000 rpm, room
temperature for 5 min. i€colis’s Atat, /M Cro entrifuge tube, added 1:1

volume of Phenot? rpfls@amyl alconall (255243 ~ entrifuged at 12,000

rpm, room temper iny Keptssupernatant in 8ibcentrifuge tube, added

0.6 volume of isoprg ‘no he incu lice :\ 1 i . centrifuged at 12,000
rpm, 4°C for 10 min. Peliets et W ﬂ" 8thanol. After gentle mixing

by inversing, the mix ure iles cer ) 0 rp

) 'r‘l”l..

were air dried at room temperatte=t0

°C for 2 min. Washed pellets

tffer pH 8.0 was suspended and then
checked by monitoring 260 nm (OD 1.0 = 50 pg mL™),

while the purity hsorba IO A2607 A hbrook and Russell,

A \
2001). DNA sampli"/va esisawith 0.5xTBE buffer pH
’ 1
8.0

ﬂummmwmm

Prlmers for amplification of n‘B and nirA gene ﬂ/nechocystls sp. PC

ARIBIATA NN FRH

(http //genome.kazusa.or.jp/cyanobase/) and primers for amplification kanamycin

resistance cassette of pSB2K3 were designed from the BioBrick plasmid database
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(http://partsreqistry.org/Part:pSB2K3)  using the  program  primer3  (v.0.4.0)

(http://frodo.wi.mit.edu/primer3/).

2.2.2.3 Polymerase Chai

The PCR was pe ) }aq buffer (NH;),SO4, 2 mM
MgCl;, 0.2 mM dNTm pmo‘f eacﬁ-ﬁa‘fm“lﬁ;reverse primer) using 0.1-
1 pg of template and 0.05 U of Taq
polymerase, maki ater. The PCR reaction
involved an initi ay 30 cycles of 30 s
denaturing at 94°C m.i galif 655C, deper th oligonucleotides used,

1-3 min extension atg apending v ok, exXp PCR product, and 30 s
I N\
denaturing at 94°C. The g€action ended with allext@psionat 72°C for 5 min. the PCR
¢ i\ .
product was analyzedDy elgftrophefgst \
Ve
2.2.2.4 Natural transf mation into'! ystis sp. PCC 6803
£ 5‘% =
The na@ transformation was performed as follc @f an exponentially
growing culturé D7 at 5,000 rpm for 5

min. The supernatadts were discarded and the pellets were reMpended in 2 mL fresh

BG11, cgntaining S%AI NH4)2SO4 bufferddy 20 mM HEPES- NaOH, pH 7.5.
P U INININEUNNS
steriled ypendrof tubes. The exogeno“e plasmid DNA of MnarB19 and pMner
IRIRY NSRS Y
ng mL™ before being mixed with cells suspension. The mixture of cells and DNA was

incubated for 6 h under light at 30 °C, and shaken once tube once after 3 h. Cells were

spread onto membrane filters placed on BG11, (containing 3.75 mM (NH,;),SO, as
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nitrogen source, 0.3% Na-thiosulfate, buffered with 20 mM HEPES) do not contain any
antibiotics. The plates were transferred to a growth chamber at 30 °C, light illumination at

30 uE m? s for 18 h. After 18 h, the tr. n fr mants were plated onto medium agar plates

containing 20 pug mL™ of antj

medium new agar plates&

ensure the complete

PCRs. /

2.3 Methods for

. the filters were transferred onto

'ﬂioncentration 30 pg mL™. To
obt&ed @were performed colony

e antl

2.3.1 General m :

2.3.12 ' R—

DNA sam‘J : .%r'- arose gel. The agarose

gels were run in 0 x TBE buffer 1 ul of DNA Ioadlng buffer was added to the DNA

ﬂﬂﬂ'm BT W

Bands Were visualized using a Geldoc@'system with DNAg#isualization UV light. @Jf

emmmmummmw
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2.3.2 Molecular biology methods

2.3.2.1 Preparation of competent cells

A single, well isolated cal 7 iStgdlin DH50. was inoculated into 10 mL of

LB media and incubated ithes 250 rpm on a rotary shaker. A
2 mL aliquot of the om wa!ransfo&ed‘-amL of LB media and grown
a—— i =

followed by 4° he supernatants were

discarded and re Uspensions were chilled

o\o ati8,5000 g for 15 minute. The
\ A N

e fesu! "'IH"n od\ih. 1.5 mL of CaCl, buffer,

on ice for 15 min
r 1
supernatant was discggfied ghd ghe” pelletsy

0.3 mL of 86% Glycerol#Alig Jw“”’*"'ﬁr“ il ! iB\micro centrifuge tubes were
stored immediately at*~80°Q 1. ,': "' : \

(A

i W e il

2.3.2.2 Restriction diggsti T % : 7

‘-f‘.,l" } oot s

on dit A l@d at the optimum

temperature of . ; reaction was 10 pl
==t -
Mje

'
' Il
containing 1 x prpper restriction buffer, 1-2 U of restrictior‘@wzyme, and the DNA

sample. The digesteo‘pnid was analyzed byuA) agarose gel electrophoresis. The
clone

CHUBTRERINEART
QRN TUNRINYINY
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2.3.2.3 Ligation

A suitable molecular ratio between vector and inserted DNA in a mixture of

p.= ng of insert’

_t?"f

NGTE ;m_ /ﬂ“\‘ e
* ; ‘

2x Quick ligation reactig

Vector (50 ng

Insert

Quick T4 DNA Ligas
F .
Nuclease water to a final volume of |

=
The reactid‘HJNas incubated overnio

ligation mixture was ﬁrﬂmed into competent u of E. coli DH5a.

AUBANENTNEINT
QAN HAINYIaY

mcubated on ice for 30 minutes. The cells were transformed by heat-shock at 42 °C for 1

- L}
, 10 minu@‘ Two microlitre of the

minute, then placed on ice for 2 minutes following by adding 900 ul of LB medium and



43

incubated at 37 °C with shaking at 250 rpm for 1 hour. The mixture was spread on the LB
agar plates containing appropriate antibiotic and incubated at 37 °C overnight. The next

day, obtained colonies were randomly s Ie t d for plasmld isolation.

2.3.25 Alkallne |

A single, we ony ‘them coli DH5a strain was

inoculated into 2 m Iotic and grown overnight
shaking at 37 °C, " The ghitre 8 Was Trif -. or 30 s at 12,000 rpm.

Obtained pellet esuggendéd #n A ol 0.V h| ¥ 0 ng mL™* RNase was

at g erature-fors Mewas placed on ice for 5

\.

added and incubateg

min, 200 ul of Solutig ) 1y d?d\ fﬁ’ fig u ! I : ther incubated on ice for
5 min. This was followed by _.w.ﬁ#v

on ice. After centrif iginglffor *' s

VT
_:.;g.. C

0 ‘Lh on [11 and 5 min incubation
\

ppproximately 350 pl of the

supernatant was transferred to 2 tube and extracted with 100 ul of

1:1 PhenoI:Chlqroform:Is ait hhe sample was centrifuged for 5
min at 12,000 HI; the 300 ul upper phase was transferred t . @crocentrifuge tube.
After that 180t g‘_ 0 pl;e';}hd incubated at room
temperature for 1 in. The sample was centrifuged for 10 Lahw at 12,000 rpm. The
supe as di of cald 70% ethanol before
drymﬁau a% glﬁde IQEﬂjﬁﬁﬁpl of this
sample s analyzed and conflrmed?y running on a 08% agarose gel in 0.5 T E

QxW’]Mﬂ’iﬂJﬁJW]’JWEI']ﬂEJ



CHAPTER I

RESULTS

aai
3.1 Charactrization of H, pro% %%}gis sp. PCC 6803 under various
conditions %\ | /)

——

e

3.1.1 Depeneles th and time course of

H, production

pcystis sp. strain PCC
@bwer three weeks. Both
an increase in cultivation
il a occurred at a faster rate
asinot reduced even at day 21.
st H, production up to at least 24 h
followed by those of twQaw e

ion, respectively (Figure 8B). A

fast and lineardd; }-‘ ase-of H; production-was-observed-during-the first 6 h for all three

Y
cultures with a sa ﬁtl
Il

3.1.2 Effect c‘dﬂent nitrogen sourcegy g

BRI B 3BV WRIATHT v

source (Meafter called BG11,) and B?llo medium containing various nitrogen sources,

IR INIUNRIANHIRY

cells have longer lag-phase. No growth was observed when cells were grown in the

medium without nitrogen source (BG11, medium) (Figure 9A).
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Cells cultivated in BG11 medium for one week were further adapted 24 in BG11
medium without nitrogen source and with different nitrogen sources including NH4ClI,

NaNO, and NaNO; (control) at the e concentratlon Figure 9B shows that cells

oguction rate (0.194 + 0.072 pmol H
;—;-_ggen sources, NaNO;, NH,CI

"+ 0.013 and 0.016 + 0.022

three different types of jose, fr f at 0.1% concentration was
' ere

pes*of carbon source gave the
same pattern of growth rate (Figte=T0A

Cells grown after 0ne W ed for another 24 h in BG11

I

medium with '@ ‘ "-'r'?'—“—,';_,—_.;_';-,—"f'?f'-:':?:f:':—,,‘f”’ffi;t::,,, CE01@

vﬁ'ﬁ} at 0.1% yielded the

jj
n (0.114 + 0.011 pmol H, (mg chl a)* & followed by sucrose

in BG11 medium
where Na,CO3; W s

highest H, produ

: fi i ﬁ‘ﬁ w..gm L {Jiat

source g e similar H, production (0. 035 + 0.001 and 0. 027 + 0.002 umol H, (mg c¢hl )

q increase in H; pl’OdUCthI’] Moreover, an increase O‘ glucose concenlrallon to J EO COUE

further enhance H, production to the highest level (0.161 + 0.010 pmol H, (mg chl a)™

h™, Figure 11). H, production decreased with glucose concentrations higher than 0.4 %.
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100.0 T 100.0

Chl a (ug/mL)

—
Q)

o
~

. w‘.

0 4 8 12 16 20

Tlme(

ANBINBAINGIAT -

productlon (A) Growth in 5611 medium monltored by measuring the optlcal

FRIFAL NN IR

dark, aerobic conditions. The hydrogen content was determined at indicated

times for 24 h. Means +S.D. (n=3).
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A 10.0 T
: —=— Control (18 MM NaNOs)
—O0— BG11,(N-deprived)
—A— 18 mM NH,CI

—— 18 mM NaN@,

Hydrogen production rate

9

AUt Theame
awamﬂwwmwm oL

and BG11, containing three different nitrogen sources, NaNOg(control or

BG11), NH,4Cl and NaNO..
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A 100F

21

fipdilemo chiaytn

Hydrogen production

A UHq VIEWI@WE"Fﬂﬁ
q m RINTRI RTINS

C-deprived and BG11 containing three different sugars; sucrose, fructose and
glucose at the same concentration 0.1%. Using BG11 medium containing

Na,COg (carbon source) as a control.



49

LY
e,
s < - — "
O o it :
— o~ .
s 3 | Y
° < - >
0 6 = v i
o o ;
o 9 g ' '
g) 20 i
— v 4
I j Il‘ b
4 I"l

2.0
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!
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Figure 11 Effect of glucose tangentratio Bfoduction under dark and anaerobic

ﬂuEJ’JVlEJVIﬁ‘WEJ'Iﬂﬁ
qmmmmummmaﬂ
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3.1.4 Effect of osmolality on growth and H; production
Synechocystis sp. PCC 6803 grown in BG11l medium at different external

osmolalities generated by NaCl and sorpi

showed nodifference pattern of cell growth
during a 21-days of culture (Fi

At one-week cells # in BG11 medium at different

osmolalities up to 1 rbitol. H, production was

e

-

stimulated by low osmolalj serbitol up to about 20 mosmol
kg™ (Figure 12C). A fugiif®r ip smolls a€lesulted in a sharp decrease

of H, production™hi gl.Gasé for gorbitoNwhare, onl¥™a slight decrease was

3.1.5 Effect’0f light illimination— A\ A\
Effect of diff ent ght illumine .r.,"' ell o\_\l as determined. Cells were
f ok ‘ .
grown in BG11 medium’ unde --------- ions at 0, 1,000, 1,500, 1,700 and

2,600 Lux. The result showedk ha nder dark condition. The culture

under light ill tion at 1,700 and 2,600 | Bapay phase at day 12,

'_-u 500 _ X was still in late log
w i

dycti n nder_dar nd ing cells
L FUE VN IWEIAS-. .

|IIum|na nat 1,500 and 1,700 Lux g?e the highest H, productlon (Figure 13B)

Q»W'mmmummmw

whereas, the cu

phase (Figure 13
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A 100 T B 10.0

OD 730

10 +
N —/—control

—e— 5 mM Sorbitol

—0— 10 mM Sorbitol

—&— 20 mM sorbitol

—&— 50 mM Sorbitol

—O— 100 mM Sorbitol

01 =y %y 1 - - p " ".I h ; PSS T S S Y S S Y S S
1'% N 9 12 15 18 21
Time (Days)

Osmolality (M

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂ’lﬂﬁ

Flgure Growth of Synechocystls.%p PCC 6803 in 11 medium under r| )us

R ﬁ'@ﬂﬁﬂd‘ﬂ%ﬂ’ﬁ ene]
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AU ANYIINYING

Figure i? Growth of Synechocystis sp.PCCGSOS (A) and aproductlon (B). CeII

ARIMATURANTIN HAR Y
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3.1.6 Effect of nitrogen source and sulfur on H, production

The experiment was performed by cells were adapted in four different media,

BG11, BG11-S-deprived, BG11l, and - -deprlved for 24 hour. The highest H,

production found in cells wergsgea rlved following with cells were

uction rate 0.505 + 0.014,

3.1.7 Effe

AN

Therefore, BG11, angfBG 0- deprl A,,o“ Jere then Y e starting medium to test
O

the effect of various re ants " » /A l‘\n ntration at 100 uM of both

DTT and p-mercaptoethangf cou --! .': -iﬁ’i‘- 3 Hz dution with the latter having
Y J"{faf-f “ ]
a slightly stronger effect (Figurs=i8)=At-hig an 100 uM, both reductants gave no

,_./,,.,.\

further increasg:'g the -Iimiﬁ(ion (S-deprived) in

combination witiiB-mercaptoethanol-showed-an-increased-Ha-pratuction with increased
concentration of erca ely -fold increase of H;

production at 750 uM.ﬁ mercaptoethanol. It is Worth mentlonlng that the stimulation of

Zifﬁﬂﬁ’m”ﬂﬂ Ty
Q»W'mmmum'mma 4
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H, production rate
(umol Ha(mg chl)*h™)

| BG110-S-
deprived

Figure 14 H, productions=by=Syméchocys Ba6803. Cells were adapted in

BG41~ BG11-S-deprived, BG11s, and BG115-S tiepHved before being
1} .

measuﬂ , c|- ftions.
ﬂUﬂ’JV]EJVIiWEJ’Iﬂi
Qmmmmum'mmaﬂ
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T\ r " | ‘
45 : Y1 ‘
4.0 ESSBG1I5+ B-mercaptoetha

f
e
35 T W 1T | ———

H, production (a.u.)

- 3 !
B - Sy ¥
F F

Figure 15 Effést-ef physiotogicalreductantsonHzproductionty#cefls of Synechocystis

:Za;rja@:h arious reductants at indicated cc:m(:iiz ::e:;iv:db:::
in a‘ f duci . ribed i ials and
ARETNEYINGTN'S
U |
| SN, =3 v
QRIAINIUURINYIAY
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3.1.8 Effect of temperature on H, production

Cells were adapted for 24 hour in BG11, and BG11,-S-deprived medium before

being measured H, production under,vaiousjtemperatures from 30 up to 80 °C, dark and

anaerobic conditions. The H _ f ywhen temperature increased from
30 °C t0 40 °C and slightlyadecreaset wheg tenﬂ%‘___mthan 40 °C (Figure 16).
- — ;

—— . ;

3.2 Determined the effectssef Didiréctionakfydregenase.(H.ase) activity

The culture 211l.and BG& 1M, mediumi¥or 24 hour, cells were
collected and measuregf i oy, theskeactionlo Whae viologen reduced by Na-
W \
e . _ . = ) . .
dithionite as an e dono eribed.dn r |slaridhmethods. Linearly increased of
h |V p— Py i \
H.ase activity was obfservell in fi MIRKIERAE incuBation™time in cells culture were

adapted in both BG11 and e*--.:.:.m. m a / |n Figure 17. However, the culture

were adapted m BG11, medil ’f ice times higher than the culture

3.2.2 Effect oﬁeﬂlc and anaerobic coWons on Hpase activity

AUHINENTHEINT- -

b|d|rectmal hydrogenase activity. Ce S grown under anaeroblc condition had hlgher

WAy ﬂ"ﬁﬁlﬂmﬂﬂﬂmﬂ

respectively. Interestingly, presence of nitrogen in the growth medium influenced the

hydrogenase activity, BG11, yielded higher activity than BG11.
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Hydrogen production rate
(umol H (mg chla) *h™)

“g“ﬁmwwmlmi -

’ measured H production. g

QW’INﬂ’ifUSJWYJVIEI’mEJ
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tivity

(umole Hz (mg chl )

H,ase ac

“g“ﬁvzﬁmﬂm’wmﬂﬁ:ﬂ:

measured H.ase activity uﬂer anaerobic cond n.

QW’INﬂ’ifUSJWYJVIEI’mEJ
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Table 5 Hydrogenase activity in intact cells of Synechocystis sp. strain PCC 6803

grown in different medium under aerobic and anaerobic conditions.

Growth

Each sample was j@#i€ubai€d af rdbm temperditure for 10" thin Defere being analyzed for
hydrogen production. ! ea r‘lﬂ B\ r \Braoke indicates increase under
anaerobic compareg#o aegBhigitonditith: ” Asignificance of 95% (P-

'l ! ’,!'
value < 0.05). ’ :‘

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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3.2.3 Effect of pH and temperature on Hase activity
Cells were cultivated in BG11 or BG11; medium 24 h before examining the

hydrogenase activity under different pH ran |ng from 6.5-9.5 for 10 min. Increasing the

pH from 6.5 to 7.5 resulted insgn o2 nase activity (Figure 18A). A pH

higher than 7.5 resulted inwaggetredse e optimal pH for bidirectional
-'._'

higher activity.

3.2.4 Effect of p-me captoethariol ¢ 1S€ activity

= J?J,— E 9> .-I
Our DVQ\SJS re ' "j" 5) showe ed H pr%tion in the presence

of B-mercaptocthahol-and-the-highest-Hoase-activity-at-70-"C(Figll 18B). We therefore

AN fh. ¥
determined the effect G ) iffe nt growth media and

j
measured the activi y at 70 °C. The addition of 750 uM -mercaptoethanol to BG11 or

) V0N 1120 (kL P20

higher Hgase activity compared to tlft observed in B medlum Figure 19
TRIRIATUURVINH G

for 24 hour under presence and absence of 750 uM B-mercaptoethanol in BG11, BG11,

and BG11,-S-deprived medium. The result showed the same image of cell surface in all

conditions.
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0.30
—O- BG11, A
FI‘/\
£
e
>
S 5
(@)]
s E
N N
T I
o
IS
=

10.5

Hoase activity
img! H, (mg chla)™ min™)

P

|

o
o

20 40 60 80 100
Temperue °C)

AU i Angiisizang...

Synechocystls sp. strain PQC 6803 grown in %1 and BG11, (N- depud)
RGN TUARIIRUIRE

before being analyzed for hydrogenase activity. (B) Samples were incubated

at various temperatures and pH 7 for 10 min before being analyzed for

hydrogenase activity. Means + S.D. (n=3).
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Table 6 Effect of p-mercaptoethanol on hydrogenase activity by intact cells of
Synechocystis sp. strain PCC 6803 grown in BG11, BG11, and
BG11,-S deprived medium for 24 hour

|
1 N

y Hydrogenase activity

Growth iy ol Ho(mg chl @) min™)

5.56°% + 1.42

BG11
1*+0.80

BG11+750 mM p- W
S8.60° £ 0.61

////l\\ N

BG11y+750 mM [:“5 mel ', ploe

2/ R\\\
BG11,-S deprived lllftvn\\\ ) +1.84

BG11y- Sdeprlved+7 m iﬁ' aptoethy ’J\\\ 32%+0.61
r"

i \ :
Each sample was#inc tg ot [OREES 10\ minNpbetBle being analyzed for

4,,#
7 AD)

'+ 5.0 ‘“1'7“ e datakePi@bents significance of 95%
'k Af‘._ ' lll'-, |

hydrogen production. ea
iy

(P-value < 0.05).

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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Figure %I Image of Scanning Electrogicroscope by Syahocystis sp. PCC 68069"5

RIEINTANTIRYTRE

in BG11 (Al, Bl), BG11, (A2, B2) and BG11,-S-deprived (A3, B3) medium.
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3.2.5 Effect of reductants on H,ase activity
The bidirectional hydrogenase activity was determined by measuring the

evolution of H, using methyl viologen as the redox mediator reduced by sodium

dithionite. Under this conditio
0.45 pumol H, (mg chl a)
[-mercaptoethanol, n

i o1a>
observed with NADH a
condition with addition ) shigh f, hydrogenase activity was

observed, 0.57 v 13 (mg.chi a)~ Miilar restilts were obtained for

wells grown in BG1l,

r 4 N S \
3.2.6 Effect offigh inatlen en Hoase acti *\

Different light |II mina ton-from 300 D Lux were tested for the effect on
H.ase activity by cells adapte _‘,“';‘, h-BG o medium. The results in Figure
20 showed Hjase.activities-increased-follov dight illumination. The

highest Hase @ gt i#HMination. Over light

1
illuminated 2,100+ H X reduced Hoase activity (only BG11y). ' l |

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Table 7 Effect of physiological reductants on hydrogenase activity by intact cells of

Synechocystis sp. strain PCC 6803

Hydrogenase activity
. . . ‘ -1 .1
Physiological red I gnol Hy(mg chl a)™ min™)
Bemegdium | BG11, medium
) ND
ND
ND
0.78" +0.03
+5 mM MV& 20 mM DTT ND
+5 mM MV& 20 mM B-mept ND
+ 5 mM NADH 0.12° + 0.01
+ 0.2 pM ferredoxin I 0.05 + 0.01
+ 0.2 uM ferredoxin & 5 mM NAD _ 0.15° + 0.01
+ 0.2 UM ferredoxin & 5 mM NADH & — " 0.57% + 0.02 1.12° + 0.09
20 mM Na-dithionite "
Each sample wasiincubated-at room- eing analyzed for

hydrogen prod& o, The data represents

v ‘P-value <0.05)

ﬂﬂﬂ’)ﬂﬂﬂﬁWEﬂﬂ‘i
'QW’]Mﬂ‘SfUNW]'JWFJ’]ﬂEI

significance of 95
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Figure 20 The effect of li ells culture were adapted in

= and BCT L medinm_for 24 hour_hefore—bi _fnalyzed for Hase

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ
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3.3 Study of nitrate uptake in Synechocystis sp. PCC 6803

3.3.1 Effect of osmotic upshifts on nitrate uptake

The effect of osmolalit
extensively examined. T
highest nitrate uptake
approximately 4.5-fold

increase of nitrate U

increase of nitrat en incr I: x osmolalities to above 30

e

,
.,

and 40 mosmol [ NaCl-respective "tegreSBive reduction of nitrate

The stimulatigff offhitgd el ‘ Figure 21 is further
supported by results shd ih i ure. 2. i 8 fixed o~ of 120 mosmol kg™
generated by sorbitol,/an i ". i " i fiation’t@8ulted in a progressive increase
of nitrate uptake with a l\ appre : ase observed at 10 mM NaCl. The

stimulation of nitrate uptake ‘d’?- gher than 10 mM NaCl.

'
1
in Synechocystis sp. strain PCC 6803 Jﬂh function of external

i
-

. —
Nitrate upMJe

nitrate copcentration g from 0-400 pM is @adlvn in Figure 23. The nitrate uptake
cre

ORI INGIAT

salt- strealcondltlons The uptake rateélncreased with applylng 20 mM external NaCI

2.45 umol (mg Chl a™*) min™, respectively (Figure 23).

rates IfcC
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itrate ptak- rate

125

Figure 21 Efft '
1

iial uptake rate was
determ!‘ﬁﬁ g oIaIity generated by
NacCl (o) ?d sorbitol (e).

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ
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itratg uptake rate

Figure 22 Stiu'slato J keﬁ»n initial uptake rate

wak < -in—the presence —of “initially 1 smolaltiy at 120
il . '-i
mosm | kg™ 0 say wasm.med out using 50 uM

KNO3 an W|thout 10 mM NaHC03

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ
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2.50

Nitrate uptake rate
(umol (mg chl a)'lmin'l)

400

Figure 23 Initial rates ofJai ra ate concentrations. The assay

of .L.,H ------- e was done with (O) or without (@) & deidally added 20 mM
Ik : '| :

NaCl. The da epﬁient experiments with
i)
I i

vertica ars representing standard errors of the mean

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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Figure 24 LinM .

i |
uptake Ms done w

data showihﬂeans from three indeWent experiments.

AUEINENINYINS
RIAINTUNRIINYIAY

§ —
ernallyﬁped 20 mM NaCl. The
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3.3.4 Inhibition of nitrate uptake by NH,Cl and CO;, fixation inhibitor

The presence of NH4Cling , ” resulted in a decline of the nitrate
uptake (Figure 25). Ammg g &}itory to nitrate uptake under

moderate salt- stress -condition=than un(_ﬂ unstress=eenditidn, i.c., at 100 mM NH,CI

-

whereas 30% was nibi Astress \\"x ilgher concentration of external

-

i,

ammonium ions, tW€ nitrgé DI 20/ined eles, boteonditions.
Figure 26 s )|yceraldehyde, a H or'elCO, fixation, inhibited
() . .\ \_'.l.
nitrate uptake in Synegflocygtis §p. ‘straim P! 6803 With ee der salt-stress condition

being more sensitive thah calls<undeteunse . n'\%e., about 50% inhibition of
h \, — . # \

nitrate uptake occurref] at and LO0 A DL=gly eraldellyde™for salt-stress and unstress
conditions, respectively.” A .{.:-,:f..... ‘of ceraldehyde higher than 100 mM

slightly increased the inhibi "f'i?:t e upt a.conditions.

Q.

incubated,cells. The Of tdk@uvas sensitive to N, N&elic clohexylcarbodiimide (DCCD), a
AN TNINE RS

protonoal)re carbonyl cyanide m-chlo‘pphenylhydrazone (CCCP), which dissipates both
AR I AN TAINEIRE
: :

q gradient, markedly reduced the nitrate uptake. Similarly, "a ‘transport "uncoupler,

dinitrophenol (DNP) and nigericin, an ionophore that collapses ApH could significantly

inhibit nitrate uptake. Valinomycin, an ionophore which permeabilises cells membrane to
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potassium ions and has been proposed to affect the membrane electrical potential (Ay),
strongly inhibited the nitrate uptake. Gramicidin D and monensin which are K* and Na*

ionophores respectively, also inhibited ‘e itrate uptake.

\\\///

2/ ;{/\( ‘ -

[AEE AN

:‘.-' : |
\ |
Figure 25 Effe of NH4,Cl on nitrate uptake assayed jH‘lth (O) or without

ffﬁ@mm kL1l Fa Lo

eans from three mdepend‘nt experiments WE vertical bars represwg

RN FUARTINEIREY
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300

=
|
{

Figure 26 Effect of DL-glyceraldehyde on nitrate uptake assayed with (O) or without

NaNOs to initiate the uptake.‘he data shown aredffigans from three indepunt

QRIRNATAERATNEARY
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Table 8 Effect of metabolic inhibitors on nitrate uptake in Synechocystis sp. strain
PCC 6803. Cells were pre-incubated with inhibitors in the dark for 30 min
before the addition of 50 pM NaNO; to initiate the uptake. Potassium
phosphate buffer was use

0. 44

e tlng the effect of valinomycin. Uptake

rate of control =

Inhibitor uptake (%)

Control A0 + 2

—

Control (i -- rk).

DCCD

/| v sl
F

J f, r J‘
i :‘I'. \/1

‘i ﬂr;u
‘ A0 1M~

CCCP

DNP ,-—i W

Nigericm |
ﬁﬂﬂ?ﬂﬂﬁﬁwmﬂﬁ

qwj:éfﬁn‘m}%'nﬁﬂ'\w

40 pM 40+ 1
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3.4 Cloning and Characterization of recombinant plasmid

3.4.1 Amplification of the narB and nirA genes from Synechocystis

|
a s@éd from the Synechocystis sp.

PCC 6803 cells as demaierlals ‘d mmhe PCRs were performed

chromosomal DNA

The chromosomal

using chromosoma templatesa el polymerase (tag polymerase,

Promega). The initial 100/ 5\ i yassdene, Tollowed by 30 cycles of

denaturation at 9 tension at 72 °C for 2

min, followed by fi n 88, of chromosomal DNA

| ?\ (" |

and PCR products were ‘? s \ e *~ 0.5x TBE buffer for
electrophoresis and autodltio oh; r""’ ‘v'
y I EL

3.4.2 Constructigh of -.1;;31:_4;# ea dhnbif@nt plasmid containing narB

and nirA genes

The recombinant plasmid containing the narB a r es was organized.

-
A

plasmid iGEM -T ea ﬂ)r The ligation reacfibfs were transformed into the E. coli

Hﬂ%ﬂﬁﬂﬁwﬁﬁﬂ@wm

supplemued with X-Gal and IPTG.

WA TR TINT I

digestion with EcoRI restriction enzyme to prove the correction of recombinant plasmid.

Firstly, PCR p was purified using

NucleoSpine Ext Il. The fragments were ligated together Mh commercial cloning

DH5a

Subsequently, these reactions were analyzed by 0.8% agarose gel electrophoresis. The
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result showed that the recombinant plasmid namely pwBB1.3 and pWBA1.4 were
pGEM-T Easy vector contained a narB gene of an approximate size of 2.4 kb (Figure 28)

and nirA gene of an approximate s f 1.6 kb (0.94 kb + 0.66 kb), (Figure 29)

\\\\1?!7///

343 Construct ecombinant plasmid

The recombindni or containing narB gene)

and plasmid pwW A"gene ) were interrupted

with kanamycin 6 o 7- a plasmids pMnarB19

and pMnirAs3, respe

Figure 30A shé s tfle ¢ P! d'pM ‘ with restriction enzyme

Kpnl and determind i F o4 agarose r T 0 ‘ showing in two bands of

pGEM-T Easy vectof ; ananycin cassette (1.4 kb). The
o ‘

constructed plasmid pM NarB194(6:8-1 kb) was ed by sequencing and the plasmid

map is shown in Figure 30B: ? W

The PV "‘_’*’????’””’”!’T‘,"ffiff” ******* e restlt of 0.8% agarose

3 ',l OV A). The sequence of
constructed plasmﬁwas confirmed by sequencing and the mapﬂ pMnirA3 is shown in
Figure : : n ; o g v

ﬁi uﬂ% nﬂ meﬁaw&l :t] ﬂuﬁe (AnirA)

and doua! mutant strain nitrate and I’I?Ite reductase (AnarB AnirA) in Synechocy iS.sp.

q WIRIATRRIING 1A

gel electrophore
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<« narB 2.4 kb

L B enirA16kb

1.50

1.00
0.75

0.50

0.25

¥ h e
Figure 27 Chrom@so 34A) and PCR product of

narB ' d nirA genes (B) were electrophoresed on OQ) agarose.

ﬂﬂﬂﬁ’mmmwm

Lane 2: PCR product of ngfB gene

qRReNI0 HN1INYQ Y
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w o
- l‘.
) ¢ D i .
o S| S <
1 |
| ]
.I |
=~
o

o ~ "- |
e | ISONUNTY
’ ‘ -f‘:!— “¥
| y %

.00
0

¥ b
Figure 28 0.8% a Ej ‘ 1.3cut with
| ]

nzyme EcoRl

ﬂuﬂgﬁmﬂmwmn‘s

L e 2: pWBB1.3 cut withgEcoRI

QW’]QM’SNN%TAVIEH&EJ
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Figure 29 0.8% a EJ LZucut with
| i

nzyme EcoRl

ﬂﬁﬂﬁ%ﬂﬂﬁﬂﬂwnﬁ

L e 2: pWBB1.4 cut withgEcoRI

ammmmumwmaﬂ
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| Kpnl
kb | o
10.00 ¢
8.00 [
6.00 5 -
4,00 — ir Kpnl
300 350 2 |
2.50 Y 7
2.00 ;?.
1.50 -E
1.00 el
0.75 ==
0.50 E
0.25 'z'y“v
/4

F“‘”ﬁﬁ oh i m%’wmm

Lane M1: 1 Kb ladder

QW']@MB%NNWYJVIEH&EJ

Lane 2: pMnarB19 cut with Kpnl
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Hincll

6.00
4.00

3.00

’
*i'
(=2

v
£
7

i

i ﬁzl*‘im mmmm

Lane M1: 1 Kb ladder

QW’]@QNF’I‘%W&JW]’W]EJ’]&EJ

Lane 2: pMnirA3 cut with Hincll
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3.4.4 Construction of AnarB, AnirA and AnarB:AnirA in Synechocystis sp.

PCC 6803 mutant strains

The plasmid pMnar

’ " nd pMnirA3 were transformed into
Synechocystis cells. Mutant : zf&/)arB:AnirA were grown in BG11,
> nitrogen @pplemented with 30 pg ml™

ramphenicotferAparB.and AnirA, respectively. For

medium using 3.75 m

W‘

of kanamycin and 30

mut II] s strain, AnarB, AnirA

and AnarB:AnirA We‘g grown in BG11l, medium contalnmg 3.75 mM (NH,),SO,4 as a

071000 1131 1012181

hour before being measured for H, inﬂuctlon Table 9 shéWlla the result of H, proMon

A TANTEI SN A1 16 &

AnarB AnirA mutant strains were higher than that in wild type with an approximately

increase of 6, 12 and 20 fold, respectively.
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Lane M: Llambda DNA/HIN M

Lane 1: PCR‘rﬂt of narB gene in wil@yfpe strain (2.4 kb)

AUBINBNINEING

ne 3: PCR product of narB gene in AnarB strain (3 8 kb)

q ATANTTANNI NGNS

Lane 6: PCR product of nirA gene in double mutant AnarB:AnirA strain (3.7 kb)
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Table 9 The H, production in Synechocystis sp. PCC 6803 wild type and AnarB,

AnirA and AnarB:AnirA mutant strain

H, production
(umol H, (mg chl a)™* h™)

Wild type 0.015% + 0.01
AnarB § __/-? 0.086" + 0.01

AnirA ——— —0 17 1° + 0.03

AnarB:AnirA

Each sample was ing#Batedt der dark and anaerobic

conditions before beind’analf/zgtl fo yéregen prod tion. ™ gans + S.D. (n=5). a The

data represents sighifica

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ



CHAPTER IV

DISCUSSION

|
In photosynthetic bacte s\mainl /f/ through the nitrogenase enzyme

in the cells and induction okt genase ‘_‘—’w(_jtfected by nitrogen source
(Takahashi, 1984).W bact ia RWrmdes produced large

three days of cultiv what, 0rtelgin the marine unicellular

%

cyanobacterium - SyneciicogBus’ $p*cs ainSZmi B@, 048511 The pattern of H,
: hA _ |

production in Synechocy -C-6803-show shighasliH. production during the first

growth stage compared with the ,-...._._.;

g’ji—" W

explained by tkz&fac ’ nee maintain cellular

Fgrowth stage (Figure 7). This may be

metabolism rat ; J\nother explanation

A1
-

is SynechocystisI of Cr’- ivation have highest

photosynthesis acht*and the lowest respiration (Apple etal., 2000)

Auginmmamegan

Anabaena sp. CH3 are able to use frucﬁse as a substrate f@fgroducing H,. In the diigéent

ARFENFE I HAT IR

result showed that C-deprived cells did not produce as much H; as cells in BG11 medium

(Figure 10). in agreement, Burrows et al (1998) reporied that HCO3 alone does not
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appear to be significant for H, production. Interestingly, the highest H, production was

observed at 0.4% glucose, demonstrating distinct difference among cyanobacterial

strains. This indicated that glucose causes an increased level of reduced NAD(P) for
% jgant role in H, production. At higher

the sugar out of the cells and

,___s-

significantly re otic stress in which

external osmolaligi it ' hor %gbybitol at iso-osmolar
concentrations and ' smolalit imul‘ % Prdguction in Synechocystis
PCC 6803 (Figure 12). 'I ! Farthe ! ‘ g i s lity by NaCl resulted in a
i .
sharp decrease of H; pro i ile t theBase for sorbitol where only a
slight decrease was observed. . ___]#m : ‘803 the cells synthesize the natural
TR

solute glucosyykﬁcerol ntial. The cells may either

switch to synthesiz {ve both energy and
£.54
ioRs (Mikkat et al., 1996).

reductant to preve@ija
'« ol
Previously, the syﬁlesis of GG was shown to be strictly salt ®€pendent in contrast to

Hug BN (pt ) B

will be negatlve for Hz production compared to external so

NIRRT LR INHIA Y

reports on how to optimize H, production in Synechocystis PCC 6803 by balancing the
different nutrient levels (Antal et al., 2006; Burrows et al., 2008; Chen et al., 2007).

Higher H, production was observed when switching the nitrogen source from NO3™ to N-
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deprived as well as under sulfur deprived conditions. Our results clearly demonstrate that
nitrogen deprived conditions result in significantly enhanced H, production compared
with changing nitrogen sources (NO3', N NOz) (Figure 9B) or depriving the cells of

*& ggsulted in single mutant, AnarB or
AnirA, and double muta IrA | ; ®uld be confirmed that nitrate

;‘.-‘.'.

sulfur (Figure 14). Moreover,

previous report th al hox genes in cells

facing N starvatio angeriptional regulation of

the hox genes with CyLexA and CyAbrB.

For short time (24 h),la ombina nitroger '.\ uRdeprived conditions gave the

highest H; productioh Fiflure 1& Jriexp . t presence of the reductant B-

v
i

A
mercaptoethanol leads to an &

stimulation of the H, production

activity. Thus our res ndition is an electron sink,

providing mo sctrons to-the: bidirectionalhydrogenase Zhang et al (2008)
L

Gl

;@ystls PCC 6803. At the same time the genele]l\coding a high-affinity
sulfat ﬁ nents of
phycomuﬂ ﬁhﬁ mﬁo wnjqﬂ 36\" down
regulate he glycogen accumulation gficreases and reverﬂ/ inactivates PSII to

ARIATURIINBIR Y

DTT a reducing agent did not cause an increased in H, production. This might be due to

found that under re ] hoﬁisynthetic activity were

reduced in Synec

the fact that the molecule of DTT is larger than 3-mercaptoethanol.
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The bidirectional hydrogenase in Synechocystis sp. PCC 6803 is oxygen sensitive.
As a consequence, cells grown under anaerobic condition for 24 h showed a much higher

H.ase activity. Presence of light, _under anaerobic conditions inhibits the

hydrogenase activity. Howev
constant hydrogenase acti i
production is nitrate

o

was withdrawn from the

| I L | F '\‘ "1.’
ferredoxin and NADF as ' ~€xternal ST able 7). The ability of these
reductants to provide. " Zyme ' Juetign of H, suggests that the

activity for H, production not the

v
i

t rather the supply of NADH
and/or ferredoxin.

Also pH and temperatt pase activity with an optimum at

rather neutral rogenase. activity.with-fnereasing temperature

f.t%e purified enzyme was

JU'J‘imum temperature for

i uﬂ ';: m Hﬂi“rﬂ rTTI 5 .
our o th edu€e viologen.
Moreover, these temperature and comifined with the effecig@fypH are optimum for fiigfe

q RN 3TN UNIINEIA Y

Synechocystis belongs to a group of moderately halotolerant cyanobacteria.

4
at 70 °C (Figure

I
highest at 60° C aﬁpH 6.3 and Dultta et al (2005) reported an

Synechocystis sp. PCC 6803 cannot grow in imedia without a fixed nitrogen source.
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Nitrate is a usual nitrogen source used in culturing Synechocystis. To assess whether an

external osmotic upshift could affect nitrate transport, the effect of osmolality generated

by NaCl and sorbitol on nitrate uptake was extensively examined. The uptake was
1!
’; sgrol kg™ (Figure 21). It is remarkable

ﬂlallty with similar manner

regardless of the sou 2 'the ognotlc ge increase of uptake was
observed at low osmolali ‘ ( aller, gicase take at higher osmolality.
However, it is noted th Ohernj ; \: Uixr ad “‘n\ otic upshift generated by

. The stimulation of
nitrate uptake by ‘ iqure 21 | -s 8 by results shown in
Figure 20 at a fixed i 1204t SMO) kg ar'g \ fladlies in Synechocystis sp.
PCC 6803 on the upta restine; ‘2 polyeati omound, have shown that the
stimulation of the up ake escine by -‘ sorbip! was a result of an osmotic
[ 4 : : : .
effect rather than an ionic effeCt{Raksajitets P6). The stimulation of nitrate uptake
by NaCl or sorbitol as_she bette‘&\yswloglcal state of

Synechocystis% s ratherthan a direct effecton the tuptake syst . . An inhibition of

S
nitrate uptake was&umide

2 200 mosmol kg™ or higher

| ' ‘ 1‘|I
(data not showrﬁ Previous studies showed that nitrate ake in at least two

Cyanoﬁ tl mmw V ﬂﬁﬁ M
(Rodrigu ﬂ q )0 th@ plesént &ldy, Na" -
dependency of nitrate uptake was alsogonfirmed for Syneﬂ:ystls sp. PCC 6803 Wre

ARIANN U AN INE QY

The results of K values and maximal velocities (Vmax) (Figure 23) presented here

clearly demonstrate the existence of an active transport system for exogenous nitrate in

cyanobacterium Synechocystis sp. PCC 6803. The transport system was saturable with the
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substrate, and a Michaelis-Menten type relationship was observed (Figure 24). Most
cyanobacteria contain only one nitrate uptake system with either a low or a high affinity

which is in contrast to higher plant s st Where both low and high affinity nitrate

i _us reports showed that Anacystis

cyanobacterium Aphan eceMajophyti e K valtiee 416 UM (Incharoensakdi
and Wangsupa, 2003). . v Safurationvalue Optake in non-nitrogen
fixing cells of y dc BtisgSp F ,-.f‘ 1 ~' ke presence of a high
affinity uptake systerg v | \

The inhibitory efféct @ 4

¢ /

the entrance of nitrate into file micr@@Fganisml been Pr@viously studied (Revilla et al.,
Y {Geada

1986; Omata, 1995). Our re! .::.......ni!'-'

=y

ts which act principally on

8 depression of nitrate uptake in

. A
Synechocystis sp. strainPe -""';

ol i g

Dy amn g 25) are_ in agreement with

previous obséL« Qer_cyanobacteria (Onmorr e 7; Omata, 1998;
A

\, .
Sakamoto and Br atthe inhibitory effect by
11l

' i
!:zte uptake was through stimulation of nmtfate efflux rather than

inhibi i aE] ﬂem ﬁz ﬁfﬂ obacteria
Synecﬂst 68 ssiilatd’saveral fog _2]09& ﬁnmonium

(NHz), nltrlte (NO7) and urea. The agSimilation of most&these components prUes

Y RrINIUHAVINE IR

of ammonium, the genes encoding both the permease and the enzymes for assimilation of

ammonium on n

nitrogen sources alternative to ammonium are repressed (Flores and Herrero, 2005).
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As previous studies on cyanobacterial nitrate transport showed a positive
correlation between photosynthetic assimilation of nitrate and carbon skeleton from CO,

fixation (Flores et al., 1983; Incharoensakdi and Wangsupa, 2003; Lara and Romero

1986; Rodriguez et al., 1998), y inhibition of CO, fixation affected

the nitrate uptake and fo ibited nitrate uptake for both

unstress and moderat ther, the results indicate a

.u-l—"'-_——:

strict dependency of nitra R 3€.6803 on active CO, fixation

i

and the overall results_ (Table 8) suggest that the

nitrate uptake i gy, redtifring process with the

proton motive forc

ﬂﬂﬂ’)ﬂﬂﬂﬁWEﬂﬂ‘i
'QW’]Mﬂ‘SfUNW]'JWFJ’]ﬂEI



CHAPTER V

CONCLUSIONS

1. Various ext - and bidirectional Hox-

hydrogen acterium Synechocystis

PCC 6803,

H, production with
optimal producti ‘ H ) respectively.

3. Anaerobic eBnditj 24 hinduceg ifiea ‘\ -ase activity with cells

in BG11, sho

4. Increasing the p ox*ydrogenase activity with an

activity gradually increased with

_ é_;ijctivity observed at
\J

'
TT or B-mer@toethanol resulted in a

optimum at pH 7.5. LL,}";W;
;'..’.

5. Alow cothration at 100 p

minor stlmulloﬁ H. production. B-nf@gfaptoethanol added to nitrogen and

AUBIRBRIWEINT

hlghest Hox-hydrogenase act|V|ty was observed in cells in BG11,-S- deprlved

q Wmnmnmmmﬂ 4

AnirA and double mutant, AnarB:AnirA gave the H, production higher than in

wild type when cells were adapted in normal BG11 for 24 hour.
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7. A small increase of osmolality by 30 and 40 mosmol kg™ sorbitol and NaCl

resulted in about 3.5- and 4.5- fold increase of nitrate uptake, respectively.

8. At 25 mosmol kg™ or higher, aC | exhibited higher nitrate uptake than sorbitol
suggesting a stimulator %}?/ emptake activity.
9. External 20 mM@ nitrleprs #ith K and Vi values of 79 pM
-

S resp

@ere about 2-fold higher

10. Ammonium  and raldehyde, \a ibitogef CO. fixation, caused a

and 2.45 pmo T min

—

than those withou

arkness showed drastic
AdBpendent nitrate uptake

11. Nitrate trahspo S ;“\\n inhibitors including those

, \

dissipating proton gidientg'afic reml il
J ;:{{‘.'rr . '
12. Nitrate uptake in Syn }‘;:‘;“, Sp. 6803 is dependent on and

2

r ,nff 4w ’
stimulated by N, A ”‘“"_“'3"":"'!:'%,"'* equires energy provided by

A X

i - LI:]a
AUINENINGINS
QRIANTUNRIINGAY
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APPENDIX A

BGll medium

1. 10 mL
2. 1 mL
3. 1 mL
4, 1 mL
5. 1 mL
6. 1 mL
7. 1 mL
8. 1 mL
9. 1 mL
* tdtion after autoclaving
**
1. 2.68 g
2. 022 g
o s
3, 27 0079 g
4. MnClo.4H,0' = 181 g
5. NayMoOs.. 2H (1 6mM) ‘jﬂl 0.39 g
6. Co(NO3)2.6H:0 @ Lz 0.049 g

LU 2 m.zmﬁ NYINS..

sIowa ing 2N NaOH.

WWﬂﬁﬂJ NW\'JWH'\QEI

2. NaS,03 (30%)
3. Becto-agar 15 g
Are add in BG11 liquid medium
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APPENDIX B

LB medium

Wy,

Liguid media, compositic

1. Bacto tryptone —— ‘ _a 10 g
2. NaCl 10 g
3. Yeast extract 5 g
Solid media, compos

Bacto tryptone 10 g
NaCl 10 g
Yeast extract S g
Agar 15 g

All compositions were dissolVA | of distilled water; and then the

mixture was adjusted to pH of7.0N ,j’ﬁ / otal volume of solution was then

adjusted to 1 I@N lized by autoclaving at 15
. 3
y '-i‘ "

Ib/in? for 15 minuie
7 f

- B
— | —

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ
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APPENDIX C

Chlorophyll a content determination

1. Transfer 100 pl of cells .sUspe f micro-centrifuge tube (make two
replicates). _—
2. Add 900 pl of Met : f the tube

3. Vortex the tubes Tor

at least 1 hour under dark.

Remove the greeg witfouit_distucbing) WelleWand transfer it to a quartz
6. Measure the abs & at 665 m, using a | \ Mad B 90% methanol and 10%

BG11.

eSollgWing formula:

== 1tUalll

12.7: based onithede
(ref. Meeks anc‘ .

10: dilution factor@

ﬂUﬂ’JVIEJVIﬁWEJ'm‘i
qmmmwmmmw
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APPENDIX D

Gas Chromatography Condition

Pa“ed c

Thgrmal Cor — Detector (TCD)

Detector type ;,.-—;/ |
Detector temperature /10d °¢
Column oven temp&faturgs (50 bC

Column type

Injector port tempegatlire
Carrier gas

Flow rate of carrig

;;;;;;;

ﬂuEJ’JVIEJVIﬁWEﬂﬂﬁ
RIAINTUURIINYIA Y
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APPENDIX E

H, standard graph

a0 “Sl000  GO00O 70000

ﬂuﬂqwaﬂﬁwﬂwnﬁ
AN TN INGA Y
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APPENDIX F

H, content calculation

Determine the amount (i YofHygcorresponding to the peak area for

each time point. Use the ¢ : ﬁlied in appendix E.
‘#ﬁa 9 -

Calculate the amount o

X% Hzcorresponds

1 mol=22.4dm

Normalize the hy:

Express the Hzev

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y
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APPENDIX G
TBE buffer

=W

0.5X: 0.045 M Tris-borate " .___..,,
0.001 M EDTA "= ; ‘ | 7

Concentrated stoc ;
5X:54 g Trisbase _g#

27.5 g Boric aci :
20 ml 0.5 M EDTA (¥

F i A

ﬂuaqwﬂwﬁWUﬁﬂﬁ
QRIAN TN INAE
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APPENDIX H

Reagents for alkaline lysis

5.0 ml 1.0 M Glucose
2.5ml 1.0 M Tris- Hcﬁ’-
2.0ml0.5M EDTM .

After autoclave 20.

Solution 11 (25 ml)
0.5ml 10 M NaOH
1.25 ml 20% SDS

Solution 111 (500 ml)
147 g potassium aceta fe j
57.5 ml glacial acetate

Autoclave and store at 4°C

TE buffer (50Q71i
5ml 1M Tris-

=
1ml05M EDTA| "
Autoclave and store at room temperature

ﬂUEJ’JVIEJVIﬁ‘WEJ'Iﬂﬁ
RIAINTUURIINYIA Y
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APPENDIX |

PGEM-T Easy Vector

EEJ-'3'_"!__"'_. : r:al

Sy

147IUADS_BA

h’ TGTAA TACGA CT

ATG CICCC GGCOG CCAIG
. ACATT ,ﬁ‘ T : 1

WC CCGRC GETAC

Batdl Neal

CCT GCAGG TCGAC

CGOT® GCGGA CGTCC AGCTG
': gg L I |
- Pt Sall

hscription Start

GCGGC CGC
CGCCGE GOGCC
| I !

EcoRl

SP6 Promoter

'qmmn‘smnmmmw

Flgure A.3 Map of pPGEM®-T Easy vector and cloning/expression region
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APPENDIX J

pSB2K3

- ronvtegninator 22...93
v ¥ P gopran..64
mrming,of- g 42760 38441
A VT o |

Bhegligin 242...290

Kanomycin R8s 42

nnpp promoters 248,338
)

repE 1372...618

iS replication origin 1679...1462

;;;;;;;

P1 Iytie replma'n acOP 2036...2211

1-‘
- ’.j :ﬁgf

ﬂuﬂ’mﬂﬂﬁwmﬂﬁ
QW’Imﬂ’ifUSJW]'mEI’]ﬂEJ
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APPENDIX K

pBR325

iy,

Clal 24

HERdTIT 29
EcaRy 187

Hhel 229

BamHI 375

pBRr B _primer
3all &51

Figure A.5 Map of p§R3 5 vector
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PERSONAL INFORMATION
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My dissertation focused i o i0 ;ﬁfe uptake in cyanobacterium
‘-.___. -

Synechocystis sp. PCC=68 : = s« Methodologically, 1 am

SCHOLARSHIPS
June 2007 - May 2

Academic scholarships‘fro 0 AAnivers ( ‘ dlongkorn University Fund
(Ratchadaphiseksompho .,r..r Fund), KDK, Thailand

;:* AL,
ACADEMIC EXPER £y,
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