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Light has various effects on Jife. Light is utilized by
living organisms for both an energy source and signals.
All living organisms can be divided into two categories,
photoautotrophs and chemoheterotrophs. Most of the
radiation energy from the sun is converted to chemical
energy via photosynthetic process by photoautotrophs, and
the products are also utilized by chemoheterotrophs. Since
we, human beings, as a chemoheterotroph owe all energy to
photoautotrophic plants, studying the photosynthetic light
energy conversion is one of the most important theme of
biology.

Photosynthetic organisms have developed specialized

apparata to capture and convert the light energy efficient-



ly. The conversion of light energy in plants are carried
out in the process of ’photosynthetic electron transport’.
In 1960, Hill and Bendall first postulated a ’zig-zag scheme’
of photosynthetic electron transport which formulated the
cooperative work of two photosystems. The scheme could
satisfactorily explain the ’red-drop’ of quantum vyield of
photosynthesis and the ’enhancement’ of the quantum yield
of photosynthesis by a weak blue light illumination which
had been observed by Emerson.

Oxygen-evolving photosynthesis in higher plants, algae
and cyanobacteria involves two primary photochemical
reaction sites, namely, photosystem I and II. Photosystem
II (PSII), an oxidative side of photosynthetic electron
transport chain, catalyzes the light-dependent oxidation of
water and reduction of plastoguinone (PQ), vyielding an
oxygen as a by-product. Photosystem I (PSI), a reductive
side of photosynthetic electron transport chain, transfers
electrons from plastocyanin to NADPY through ferredoxin
and ferredoxin—-NADP reductase(FNR). Both PSI and PSII
are located on the thylakoid membranes in chloroplasts and
cyanobacteria. During transfer of electrons from PSII to
PSI through quinone-pool and cytochrome—bB/f complex,

protons were translocated across the thylakoid membrane,



which enables plants to accumulate and convert the photo—
synthetic energy in the form of ATP.

Photosystem I as a supramolecular complex consists of
the primary electron donor P200 ( Kok, 1963 ), primary elec-
tron acceptor AO, intermediate electron carriers A1, A2
( also called center Fy or 'P430° ) and terminal electron
acceptors center A and center B ( Far Fr ), and functional
pigment such as chlorophyll at 100 molecules per P?OO
(Golbeck, 1987). Four out of these six components, P<00s
Ags A1 and A2 are located on the two large subunits of PSI
( PSI-A and PSI-B ) which are encoded by psaA and psaB
genes of chloroplast DNA in higher plants, respectively
( Golbeck, 1987 ). Two other terminal electron acceptors
center A and center B are both retained in a 9kDa subunit,
namely PSI-C, which is also encoded by the psaC gene of
chloroplast DNA in higher plants ( Hayashida et a/.1987 ).

PSI complex also contains several other lower molecular
mass subunits associated with the complex ( Bengis and
Nelson, 1977 ) whose functions are not well characterized.
The subunit II protein ( PSI-D ), one of these subunits
encoded by psaD gene, is thought to be required for the
binding of the ferredoxin ( Zanetti and Merati, 1987; Zilber

and Malkin, 1988 ) and essential for the efficient function of



PSI ( Chitnis et al. 19839b ). Although another subunit which
is encoded by psaE ( PSI-E ) gene had been demonstrated to
be crosslinked to the 9kDa subunit (PSI-C) with PSI-D
subunit as well ( Oh-oka et a/.1989 ), destruction of the psak
gene in cyanobacteria scarcely affect the growth of the
mutant ( Chitnis et al. 198%a ). On the other hands, a
subunit encoded by a nuclear gene psaF was identified as
the binding site of plastocyanin by a crosslink experiment
( Hippler et al. 1989 ). The functions of these subunits and
other subunits encoded by psal,psal,psak ( Koike et al.
1989; Ikeuchi et al. 19980 ) and 9- and 14kDa subunits
( Ikeuchi and Inoue, 1991 ), are still not well understood.
Many kinds of proteins in chloroplast were synthesized
by cytosolic ribosomes as larger precursors with a transit
peptide and posttranslationally transported into chloroplast
(Keegstra and Olsen, 1989). That was same for the several
of the subunits of photosystem I in higher plants. While it
has been easy to introduce a gene to a nucleus with dif-
ferent ways ( Draper et al. 1988; de la Pefla et al. 1987),
gene specific destruction, substitution and target mutagen-
esis for the already existed nuclear-encoded gene is not
possible except for a special case ( Lee et al. 1990 ). As

demonstrated for the rbcS and cab genes ( Dean et al. 1989;



Keegstra and Olsen, 1989 ), the nuclear-encoded chloroplast
genes exist in multiple copies and this makes it difficult to
destruct or substitute them completely and study the
function of a gene precisely. Furthermore, expression of
these genes are also regulated by several factors such as
light ( Gilmartin et al. 1990 ), localization of organ ( Fluhr et
al. 1986 ) and developmental stage of the chloroplast ( Mullet,
1988 ). The inhibition of the gene expression by an anti-
sense RNA technique ( Stockhaus et al. 1980 ) or ribozyme
may improve the problems.

Chloroplasts ( Boynton et al.1988 ) and mitochondria
( Johnston et al. 1988 ) could be transformed by a micropro-
jectiles cell bombardment technique, also called ’DNA-gun’.
However, there are numbers of difficulties in studying the
chloroplast encoded genes in higher plants for the follow—
ing reasons: (1) a significant number of chloroplasts are
usually found in a plant cell (2) each chloroplast contains
multiple copies of a plastid genome (3) the numbers of
chloroplasts will increase during the plant cell development
( Mullet, 1988; Taylor, 1989 ) (4) expression of some chloro-
plast-encoded genes are light-regulated ( Klein and Mullet,
1987 ), and (5) chlorophyll is also required for the accumu-

lation of the large-subunits of photosystem I ( Klein et al.



1988 ). These many different factors should be taken into
account when studying the expression and function of the
chloroplast-encoded genes.

As a matter of fact, most recent investigations of trans-
forming the chloroplast have been limited to an unicellular
algae Chlamydomonas, which contains a single chloroplast
( Blowers et al.1989; Przibilla et al. 1991; Takahashi et al.
1991 ).

Cyanobacteria, on the other hand, provide several advan-
tages over plants for studying the photosystems. First,
cyanobacteria are prokaryote and as easy to handle as
bacteria. Second, since cyanobacterial photosystems
resemble to those of higher plants ( Nechushtai et al.1983;
Lundell et al. 1985 ), many investigations on cyanobacteria
are applicable to those of the higher plants. Third, sever-—
al cyanobacteria have naturally occurring transformation
systems for the uptake of exogenous DNA and introducing
it into the genomic DNA by a homologous recombination
manner. Fourth, some peculiar cyanobacteria like Synecho-
cystis sp. PCC6803 ( Williams, 1988; Chitnis et al. 1989a
and 1989b ) and Anabaena variabilis ATCC 29413 ( Mannan et
al. in press; Toelge et al. 1981 ) are capable to grow on

hexoses like glucose or fructose, allowing the isolation and



growth of the mutants defective in photosynthesis . Fifth,
the composition of membrane proteins could change in
response to the quality of light ( Aizawa et al. in press ),
implicating the existence of photoregulation.

However, recent works on genetical modification of
cyanobacterial photosystem II indicated that any kinds of
deletion or interruption of only one of those genes could
cause a disappearance of entire photosynthetic apparatus
( Yu and Vermaas, 1990 ), probably because the deficient of
key-subunit might destabilize the whole assembly of the
photosystem 1II.

The organization and the structure of photosystem I has
currently been the focus of intense studies, but the diffi-
culties which mentioned above prevent the further investi-
gations. Since we do not have an effective way of subunit
specific exclusion, the exact function of each subunits
should be examined by an in vitro reconstitution analysis.
Furthermore, isolation and production of these genes will
make it possible to study the function by a reverse-genet-
ics method using site specific mutagenesis technique. From
these points of view, I have intended to isolate the genes
of photosystem I and establish the in vitro reconstitution

system with /in vivo produced photosystem I subunits in



E.coli. For the experiments, I have used the thermophilic
cyanobacterium Synechococcus vulcanus for the following
reasons: (1) the components of photosystem I are similar to
those of higher plants and (2) their amino acid sequences
at N-terminal are already known ( Koike et a/.19839 ) (3) the
photosystem I genes have not been isolated from the
cyanobacterium (4) because Synechococcus vulcanus is a
thermophilic cyanobacterium which grows at 50°C, produced
proteins by the isolated genes are expected to be ther-

mostable.
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Materials

Restriction endonucleases and DNA modification
enzymes were obtained from TAKARA-SHUZO, TOYOBO,
Nippon Gene and New England Biolabs, and used
according to the instructions of suppliers. A
strain JM109(DE3), and pGEMEX1 cloning vector
were purchased from Promega(U.S.A). Unless
otherwise stated, all reagents employed in this

study were of the highest quality available.

Reagents

Reagents which were used for molecular biologi-

cal experiments were prepared and stored accord-

ing to Sambrook et al.(1989).



Bacterial strains

A strain E.coli JM109 ( recAl endAl gyrA96 thi
hsdR17 supE44 relAl X~ delta( lac-proAB)/F’ proAB
lacI9Z AMI5 trab36) (Yanisch-Perron et al. 1985)
was usually used as a host to maintain plasmid
vector and M13 phage vector. Other Dbacterial
strains which were used in this experiments were
listed below:

JM109(DE3)/F’( DE3 lysogen of JMI09/F’);

LE382 (F~ hsdR514(rk~ ,mk') supE44 supFs58 TacYil or
A(lacIZY)6 galK2 );

HB101 (F hst20(rb—,mb—) recAl ara-14 proA2lacYil
galk2 rpsL20(sm”) xy1-5 mti-1 supE44 A~ (mcrA™,
mcrB8 ).

P2392 (P2 lysogen of LE392).

Maintenance of strains

Long-term storage of desired strain was
accomplished by mixing 1ml of a stationary-phase
culture with 1ml of stock medium ( 0.8% Bacto

nutrient broth, 20%(w/v) glycerol ) and freezing



at -80°C. Bacteria were revived by inoculating
aliquots on appropriate selective media and incu-
bating at 37°C( Miller, 1972 ).

Bacterial strain which exhibiting the resistan-
cy of antibiotics was cultured 1in the media
containing appropriate antibiotics.

Concentration of the each antibiotics were Tisted

below:
Ampicillin 100 g/ml
Streptomycin 25u9/ml
Tetracycline 12.5u9/ml
Kanamycin 50 g/ml
Chloramphenicol 25ug9g/ml




Cyanobacterium

Thermophilic cyanobacterium Synechococcus
vulcanus was kindly provided from the solar
energy research group of RIKEN. The cyanobacte-
rium was cultured at 50°C as described by Shin et
al. (1984) in a medium described by Katoh (1988)
for Synechococcus sp.. For long-term storage,
thick culture (100ml1) was centrifuged and the
precipitated cells were resuspended with few ml
of resultant supernatant. One ml of the suspen-
sjon was mixed with 0.24m1 of 80%(w/v) glycerol
in a sterilized vial and quickly frozen at -80°cC.
The frozen culture had never thawed. The cyano-
bacterium was revived by inoculating scraped
frozen stock into prewarmed 10ml medium then
cultivated 1immediately under weak illumination

until early-log phase.



Cloning vectors

A plasmid vector pTZ139R(TOYOBO) was usually
used as a vector to maintain DNA fragment. Other
vectors pGEMEX1(Promega), pACYC177(Chang et al.
1978), pBR322 ( laboratory stock ) and phage
vector A -Dash ( Stratagene ) were also used.

The bacterial strains HB101 which harboring
each plasmid of tobacco chloroplast DNA clone
pTBaz2, pTB20, pTB30 and pTX9 ( Sugiura et al.
1986 ) were kindly provided from Prof. M.Sugiura
at Nagoya university.

A  plasmid pLysS ( Studier et al. 1990 ) which
containing T7 1lysozyme gene in pACYC184 was ob-
tained by courtesy of Mr.T.Konishi at Nagoya
university.

The plasmid vectors and the helper phage
M13KO7(Vieira and Messing, 1987) were maintained
with E.coli strain JM109, HB101 and JM109(DE3).
A phage was maintained with E.coli strain LE392

and P2392.



DNA manipulation

Manipulation of DNA was achieved with the
methods of Sambrook, Fritsch and Maniatis (1989),
and Berger and Kimmel(1987). Concentration of
DNA was estimated by UV-absorbance or ethidium
bromide fluorescence spot assay( Sambrook et al.
1989) with already—-known concentration A -phage
DNA as a standard. Plasmid DNA was prepared
according to the alkaline-8SDS method(Sambrook et
al. 1989). Prepared DNA was dissolved in auto-
claved Milli-Q water and stored at 4°c (for
short term storage) or -20°C  (for long-term
storage). Dissolving a DNA with 1xXTE(pH8.0)
occasionally prevent a digestion of the DNA with

a restriction endonuclease.

Precipitation of DNA with ethanol, terminal
repair of DNA with T4 DNA polymerase and ligation
of DNA with T4 DNA Tligase were accomplished with

individual method as below:



Ethanol precipitation of DNA

DNA solution was mixed with 0.1 volume of 3M
sodium acetate (pH8.0) and 2.5 volumes of etha-
nol, then standed at -80°C for 10minutes. The
precipitated DNA was recovered by centrifugation
at 16,000rpm for 10minutes at 4°C in a microfuge.
The precipitated DNA was washed once with adding
iml of 70%(v/v) ethancl and centrifugation at
16,000rpm for 10minutes at 4°C. The resultant
DNA was dried in vacuo and dissolved in auto-

claved Mill1i—-Q water.

Terminal repair by T4 DNA polymerase

A solution of DNA was mixed with 10xT4 buffer
(0.33M Tris—-acetate, pH7.9, 0.66M sodium acetate,
0.1M magnesium acetate and 5mM DTT), 10xBSA and
10xdNTP  (a mixture of dATP,dCTP, dGTP and dTTP
for 10mM) and the volume was made to be 50 to
100uT. T4 DNA polymerase(TAKARA) was mixed

(amount of the polymerase required for the reac-



tion was estimated by the concentration to the
DNA would be below 1U/ug DNA) and incubated at
30°C for 10minutes(prolonged reaction time occa-
sionally caused a unexpected disappearing of the
DNA). The reaction was terminated with extraction
once with phenol:chloroform and once with chloro-
form:isoamylalcohol. The repaired DNA was reco-

vered by ethanol precipitation.

Ligation of DNA by T4 DNA ligase

Reaction was performed in a mixture of 66mM
Tris-HC1, pH7.6, 6.6mM MgC]z, 10mM DTT, O0.15M
NaCT, 10%(w/v)PEG-6000 and 0.1mM ATP with 100-
200U of T4 DNA 1igase(TAKARA), and incubated at

16°C for few hours (usually overnight).



Preparation of A phage and DNA

A  phage were amplified as described below:

Preparation of host cell

1. A host strain (LE392 or P2392) was inoculat-
ed 1in NZCYM or LB medium supplemented with
0.2%(w/v) maltose and shaked overnight(<i12hours)

at 37°cC.

2. bml of the overnight culture was taken into
a Falcon 2059 tube and centrifuged at 4,000xg for
10minutes at room temperature, and supernatant

was removed.

3. The cell pellet was suspended 1in ice-cold
sterilized 10mM MgSO4 solution and standed 1in ice

until use.

4. A600 were adjusted to 2.0 with 10mM MgSO4

and used within a day.



Ligquid amplification of A phage

1. A Tlysate which containing 0.5x10° A phage
particles was take into a Falcon 2063 tube and
standed at a clean bench for 1bminutes to evapo-

rate the residual chloroform in the lysate.

2. 0.05-0.1m1 of the host cell suspension was
added and incubated at 37°C or 15minutes to
adsorb the phage. The mixture was transferred
into 4-5m1 of NZCYM medium and shaked at 37°C for

6 to 12hours until the cell almost Tysed.

3. Few drops of chloroform was added to the

lysed culture and shaked further 15minutes.

4. The culture was transferred to a Falcon 2059
tube and centrifuged at 4,000xg for 10minutes at
4°C. The supernatant was transferred to a new

Falcon 2063 tube.

5. The amplified A-phage stock was stored with

few drops of chloroform at 4°cC. The titer after

2-10



the amplification should be over 1x101o pfu/ml.

A  phage DNA preparation

1. 0.4m1 of the amplified A-phage lysate was
taken into an eppendorf tube and mixed with 16u]
of 0.5M EDTA(pH8) and 4u 1 of 10%(w/V) SDS, and
incubated at 55°C for 5minutes to denature the

coat proteins.

2. The lysate was then mixed with equal volume
of phenol:chloroform, shaken gently for 10minutes
at room temperature and aqueous phase was sepa-
rated by centrifugation at 16,000rpm for
4minutes. The upper aqueous phase was transferred
to a new eppendorf tube, and repeated this step
several times until a fluffy interlayer (protein)

almost disappeared.

3. The aqueous phase was extracted once with
equal volume of c¢chloroform:isoamylalcohol for
10minutes and separated by centrifugation as

above. The phage DNA was recovered by ethanol
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precipitation.

4. The resultant A phage DNA was dissolved 1in
100-200u 1 of autoclaved Mill1i-Q water and stored
at 4°C (short term) or -20°C (long term). A
phage DNA often required considerable time(1-2
days) for dissolving, but should not use a vortex

mixer.

Screening of the genomic A phage library

The genomic A phage library was screened with
probes for the psaA, psaB and psaC genes of
tobacco chloroplast DNA. The plagues were trans-
ferred onto Colony/PlagueScreen ( NEN, DuPont )
disks (g82mm) by capillary action. The blotted
disks were then hybridized with 32P—1abe1ed
appropriate probe as described at ’Hybridiza-
tion’. 1 could finally isolate the 6 and 12
clones from ~30,000 clones with the probes of the

psaA-psaB and the psaC genes, respectively.
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DNA subcloning and transformation

A  DNA fragment was separated by agarose or
polyacrylamide gel electrophoresis (Sambrook et
al. 1989) then recovered intoc a small sealed
dialysis tube by electroelution with a Mupid-2
electrophoresis tank ( 15-20minutes at 100V was
sufficient for complete elution from the gel).
The electroeluted DNA fragment solution was
extracted once with phenol:chloroform and then
with chloroform:isocamylalcohol, and recovered by
ethanol precipitation. A digested cloning vector
DNA , previously treated with bacterial alkaline
phosphatase, was simultaneously separated and
recovered from the gel. The isolated DNA frag-
ment and the vector DNA was ligated by T4 DNA-
ligase with vector to insert ratio of 1:1.2. If
necessary, DNA was recovered by ethanol precipi-
tation to remove PEG because residual PEG occa-
sionally causes trouble in the following steps.

The Tigated DNA fragment-vector was introduced
into an appropriate E.coli strain by using a

highly efficient transformation protocol (Hana-
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han, 1985). When JM109/F’ was used as a recipi-
ent, cultured cells in SOB medium were harvested
at A600:1.2 to obtain maximum efficiency of
transformation. The transformed cells were
screened with appropriate antibiotics and, if

possible, by suitable indicator agar plates.
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Single-stranded DNA preparation using M13K0O7 helper phage

Since cloning vectors pTZ19R, pPpGEMEX 1 and
derivatives, also called phagemid, contain the
replication origin of phage-f1, these plasmids
could produce a single-stranded DNA(ssDNA) which
would be used as a template for sequence analysis
with an aid of appropriate helper phage 1ike
M13KO7 ( Vieira et al. 1987 ).

The production of ssDNA and maintenance of a
helper phage M13KO7 was performed according to
the method of Vieira and Messing (1987). Produced

ssDNA was isolated and purified as below:

1. 1.2m1 of a culture was taken into an eppen-
dorf tube, centrifuged for bBminutes and 1iml of
the supernatant was transferred to a new eppen-

dorf tube.

2. The viral particles were precipitated by
mixing 0.25m1 of 20%(w/v) PEG-6000-2.5M NaC]l
solution for 15minutes at room temperature and

recovered by centrifugation at 16,000rpm for

2=15h



5minutes. The supernatant was completely removed
by second centrifugation since remaining PEG
would cause pseudoladders when used as a template

for the sequence analysis.

3. Contaminated DNA and RNA could be eliminated
from the particle by a treatment with O0.1mg/ml
DNaselI and 0.01mg/ml1 RNaseA in a 100u1 buffer
( 50mM Tris-HC1, pH7.5, 10mM MgCl, ) at 37°C for
60 minutes. The particle was recovered again by

mixing with PEG-NaCl as described above.

4. The recovered viral particles were resus-
pended in 100u 1 of 1xTE (pH8.0) and extracted
once with phenol:chloroform and then with chloro-
form:isoamylalcohol. The ssDNA in aqueous phase
was precipitated with ethanol, washed once with
70% (v/v) ethanol and dissolved in 30u 1l of 1xTE

(pH8.0).

5. The resultant ssDNA solution was stored at

-20°C until use.
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Unidirectional DNA deletion for sequence analysis

Unidirectional deletion was introduced into the
target site of a plasmid DNA according to the
original methods of Henikoff (1984), but some
points were improved. The Reaction was performed

as described below:

1. An intact plasmid DNA was digested with a set
of two restriction endonucleases to create a 3’-
proximal site to protect from a digestion by
exonuclease III and a 5’-proximal site to be
deleted with exonuclease III. The digested
plasmid DNA was purified by gel-electrophoresis

and dissolved in water.

2. A portion of digested and purified DNA (ca.
1.5pmole) was digested unidirectionally in 100u 1
solution ( reaction buffer: 50mM Tris-HC1,pH8.0,
100mM NaCl, 5mM MgC12 and 10mM 2-ME ) with 180-
200U of exonuclease III at 37OC, and an aliquot
was removed at 30 to 90-second intervals ( the

time required to delete desired size should be
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determined by a preliminary experiment for each
DNA fragment ) to produce a size-varied deletion
set. The digested DNA was mixed and pooled in a
mung bean nuclease buffer ( reaction buffer: 40mM
sodium-acetate, pH4.5, 100mM NaCl, 2mM ZnC]z, 10%
glycerol ) in another eppendorf tube in ice, then
incubated at 65°C to inactivate the exonuclease
III. The DNA could be deleted at the rate of

300bp/minute.

3. The deleted DNA was treated with 50U of mung
bean nuclease at 37°C for 30-60minutes ( time was
dependent on the size to be deleted ) to digest
the single-stranded region . The sample was ex-
tracted once with phenol:chloroform and precipi-
tated by ethanol ( the pH of the solution at the
phenol:chloroform extraction should be maintained
at alkaline pH by adding a small amount of 1M
Tris—-HCT1, pH8.0 for the good recovery of the

DNA ).

4, The recovered DNA was dissolved in water and

the termini were repaired with T4-DNA polymerase
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and recovered by ethanol precipitation. The
repaired DNA was self-ligated with T4 DNA Tligase
and ATP ( see the DNA manipulation’ section for

the detail ).

5. The resultant DNA was provided for the trans-
formation of a strain JM109 with a high efficien-
cy protocol of Hanahan(1985). Transformed cells

were screened by ampicillin (100ug/ml).
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Dideoxy chain termination method for sequence analysis

Nucleotide sequence of a DNA was determined by
Sanger’s dideoxy chain termination method with a
7-deaza M13 sequence kit (TAKARA) and a 7-deaza
Sequenase version 2.0 kit (TOYOBO). A single-
stranded template DNA was annealed with a primer
( 0.5pmole ) by a series of incubation at 60°C
for ®Bminutes, 37°C for 60 minutes and room tem-
perature for 15minutes. Reaction protocol was
according to the supplier’s finstruction but
several points were altered. In the case of the
7-deaza Sequenase version 2.0 (TOYOBO), the
labeling step was at 37°C for 5 to 10minutes with
10-fold diluted TlTabeling mixture in the kit, and
the elongation step was with 2.0ul of 7-deaza
mixture plus 0.5u1 of the elongation mixture ( a
solution of 180uM each of cold dNTP ), or 1.5u1
of the 7-deaza mixture plus 1.0ul of the elonga-
tion mixture at 37°C for 10minutes. In both
methods, sequencing reaction were terminated by
mixing with 6ul ( for the kit of TAKARA ) or 5ul

( for the kit of TOYOBO ) of formamide dye



( 98%(v/v) formamide(BRL), 0.1%(w/v) xylenecya-
nole FF, 0.1%(w/v) BPB and 1mM EDTA, pH8.0 ),
boiled for 5minutes and quickly cooled in an ice
bath, and 1.3-1.5u1 was applied onto sequencing
gel.

Gel electrophoresis was performed on buffer-
gradient ( Biggin et al.1983 ) and acrylamide-
gradient gel ( 6%T-5.0xTBE:bottom to 4%T-1.5xTBE
:top ) with 1.5xTBE for an electrode buffer. The
gel was fixed with 10%(v/v) methanol and 10%(v/v)
acetic acid for 5-10minutes after electrophore-
sis, transferred onto a Whatmann 3MM filter paper
and dried at 65-75°C for 40-60 minutes. Autoradi-
ography was done at -80°C for 8-18hours without
intensify screen. I could wusually read 350-

400bases per template.

Nucleotide sequence analysis

Nucleotide sequences were analyzed by a

PC9801RX computer (NEC,Japan) with a Genetyx

software, version 6 (SDC,Japan).



Chemical synthesis of oligodeoxyribonucleotide

The oligodeoxyribonucleotides ( oligo DNA )
which were used for the oligonucleotide-directed
site specific mutagenesis were synthesized in the
0.2umole scale with the phosphoramidite method
using a Cyclone DNA synthesizer ( Milligen/Bio-
search ). Synthesized oligo DNA were provided for
ammonia cleavage/de-protection at 55°C for
10hours according to the supplier’s protocol.
The synthesized 5’-DMTr-oligo DNA was injected
into a C18 HPLC column (ubondasphere C18 (300A),
5um, 0.39x15cm) then eluted with 5 to 40% 1linear
gradient of acetonitrile in 0.1M TEAA ( pH7.0 )
within 20minutes at Tml/minutes for flow rate,
and the elution was monitored by the absorbance
at 260nm. The slowest eluted major peak was col-
lected and treated with 80% acetic acid, extract-
ed with diethylether and lyophilized to remove
cleaved DMTr. The recovered oligo DNA was in-
Jected again into the same HPLC column and major
peak was recovered. The recovered peak was

lyophilized, dissolved in water, the amount was
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analyzed by the absorbance at 260nm, and stored
at -20°C until use.

Because the synthesized oligo DNA had -OH at
5’-terminus, oligo DNA should be phosphorylated
with ATP and T4 polynucleotide kinase before use.
If necessary, the efficiency of 5’ —-terminal
kination reaction was analyzed with gamma—BZP—ATP

as described below:

5’-phosphorylation analysis of oligo DNA

1. The 5’-OH oligo DNA was mixed with the follow-
ing solutions and incubated at 37°C for 45-

6Ominutes.

10xPNK oligo buffer 3ul
oligo DNA 0.5u1 (20pmole/ 1)
gamma—32P—ATP 1T

(ca.4,500Ci/mmole,10mCi/ml)
water 8.5u1

T4 polynucleotide kinase Tl (4U/ 1)




2. A 211 aliquot was taken to a eppendorf tube,
added 8u 1 sequencing dye, and incubated at 65°C

for bminutes.

3. Aliqouts of the mixture were applied onto a
20% polyacrylamide slab gel containing 8M urea
and 1.5xTBE (1mm-thick), and electrophoresed at
150V until a BPB front marker migrated to the

bottom of the gel.

4, After electrophoresis, the gel was washed with
10%(v/v) acetic acid, 10%(v/v)methanol for 5
minutes, covered with Kre-wrap, and autoradio-

graphed at room temperature for few hours.

5. The efficiency of the phosphorylation was
determined by the already known concentration and
length of ol1igo-DNA which was simultaneously
phosphorylated and electrophoresed as a standard.
The efficiency of the reactions should usually

be over 90%.



Oligo nucleotide-directed site-specific mutagenesis

The oligo nucleotide-directed site-specific
mutagenesis was performed by a modified method of
Inouye and Inouye(1989) for gapped duplex plasmid
DNA. Although the following protocol was origi-
nally adjusted to introduce a mutation for the
pSVCX2 plasmid, it could be easily applicable to
other plasmid vectors ( see original report of
Inouye and Inouye, 1989, for detail ). Since
mutations were designed on purpose to cause the
introduction of a restriction endonuclease diges-
tion site, the resulted mutant could easily be
isolated with restriction endonuclease digestion

analysis without other isotopic methods.

Step 1. Restriction endonuclease digestion of pSVCX2

The pSVCX2 plasmid DNA was digested with each
of Xbal/EcoRI and Scal. The Scal digested DNA was
treated with bacterial alkaline phosphatase(BAP).
Both digested DNA were purified by gel electro-

phoresis. Digested and purified DNA fragments



were tentatively designated as fragment-1I ( for
Xbal/EcoR1I fragment ) and fragment-I1I ( for
Scal/BAP fragment ), respectively. The concen-
tration of both DNA fragments were adjusted to

O.1pmole/ul with water.

Step 2. 01igo-DNA for mutation

The nucleotide sequence of the each oligo DNAs

used for the experiment were:

C21S: 5’-GTGCGGGCTAGCCCCACCG-3’ (Nhel)
C17L: 5’-CCCAGCTGGTGCGGGC-3’ (Pvull)
C34T7: 5’-TGGGATGGTACCAAAGCTGGCCAA-3’ (Kpnl)
C481: 5’ -ACGGAAGATATCGTTGGCTGCAAA-3’ ( ECORV)

$#156G: 5’ -CATTGGCTGCGGTACCCAGTGCACC-3’ (Kpnl)

$#53S: 5’ -CTGCAAACGCAGCTGTGAAACGGCC-3’ (Pvull)

When a desired mutation was introduced into the
plasmid, each mutated DNA would be able to be
digested by restriction endonucleases where were

indicated in the parentheses.



Step 3.Phosphorylation of oligo DNA

The HPLC-purified oligo DNA was dissolved to be
20pmole/u 1 in autoclaved Milli-Q water. Follow-
ing solutions were mixed and incubated at 37°C

for 60minutes.

10xPNK oligo buffer® 5l
oligoDNA(20pmole/u 1) 5
TmM ATP 5l
T4 polynucleotide kinase 0.5u1 (5U)
water 34.5u 1
total 50u 1

Reaction was terminated by incubating the
mixture at 65°C for 10minutes to denature the
PNK . The resultant phosphorylated oligo DNA was

stored at -20°C until use.

*10xPNK oligo buffer

500mM Tris-HC1,pH8.0, 100mM MgC12, 100mM 2-ME.



Step 4. Formation and confirmation of heteroduplex DNA

The following mixture was prepared and kept on

ice.

Fragment—- I(0.1pmole/u1) 201
Fragment-II(0.1pmole/u1) 201

Phosphorylated oligoDNA(2pmole/ 1) 21

* X

5xPL buffer 2l
Autoclaved Mil11i-Q water 201
Total 10u 1

A 21 aliquot was removed to another eppendorf

tube and stored in ice until use (Mix-A).

3. To construct the heteroduplex DNA, the mix-
ture was incubated first at 100°C for 6minutes
and immediately transferred to a 30°C pbath, then
kept there for 30minutes, and then in refrigera-
tor (ca.4°Cc) for 30minutes and on ice for
30minutes. The mixture was collected at the

bottom of the tube by centrifugation and 2u 1 was



transferred to another tube (Mix-B). The remain-

der was stored on ice.

4. Each mix-A and mix-B were mixed with 6u1 of
2xdye and applied on 0.8% agarose gel. Ethidium
bromide staining should reveal two bands for the
mix—A and three bands for the mix-B. The slowest
band appeared on the mix-B means newly formed

heteroduplex DNA.

**5xPL buffer: 500mM NaCl, 32.5mM Tris—HC1,pH7.5,

40mM MgCl,, 5mM 2-ME.



Step 5. Filling-in and ligation

To the remainder of the preceding step, solu-

tions listed below was added:

Annealed mixture(step4) 61
10XT 21
10xBSA 21
10mM dNTP 1.5u1
10mM ATP Tl
T4 DNA polymerase(iU/u 1) 241
T4 DNA Tligase(bU/u 1) 1]
Mi11i-Q water 4.5 1
total 201

The reaction was initiated by adding the en-
zymes to the mixture. The mixture was incubated
first at 0°C for 5minutes and at room temperature
for bminutes to initiate correct priming reaction
from the primer. Then the mixture was incubated
at 37°C for 10-30minutes and then for another

20minutes at 15°C to complete ligation reaction.



To the reaction mixture, 2u1 of 0.1M EDTA, pH8.0
and the enzyme was added. The enzymes were heat-
denatured at 65°C for 10minutes. The resultant

DNA was provided for the first transformation.

Step 6. First transformation and screening

A  competent cell for the transformation was
prepared according to a ’simple-method’ of Hana-
han(1985). Whole amount of the DNA at step 5 was
used for the transformation and all transformed
cells were spread onto a 100umg/ml ampicillin
containing agar plate. Over one-hundred colonies
per plate should appear after incubation at 37°9C
overnight. Strain JM109/F’ should be chosen as a
host for the first transformation because the
strain did not have a gene for T7 RNA polymerase
so the psaC gene in pSVCX2 could not express in
the strain. This would suppress the appearance of
undesired spontaneous mutant. A1l of the ap-
peared colony was dispersed into 50ml of LB
medium containing 200ug/ml ampicillin and shaken

at 37°C for 1hour. Plasmid DNA was prepared from



the culture by the alkaline-SDS method and dis-
solved in water.

The recovered plasmid DNA was digested with a
appropriate restriction endonuclease and applied
onto preparative scale 0.8% agarose gel. The
mutant which had been introduced a new restric-
tion endonuclease digestion site for the plasmid
was recovered from the gel and self-ligated. ( To
ascertain the relative mobility of the digested
DNA , digested plasmid DNA at a single site by a
restriction endonuclease was simultaneously elec-
trophoresed ). In the case of a mutant which Tlost
restriction endonuclease digestion site, undi-
gested cccDNA band which migrated fastest was
recovered.

The recovered DNA was provided again for trans-
formation. The plasmid DNA of transformed colo-
nies were individually analyzed by restriction
endonuclease digestion and desired mutant was
stored. ( If desired mutant could not be found

this stage, repeated step4. )



Step 7. Strain construction

The mutated plasmid DNA was introduced into a
strain JM109(DE3). If required, plasmid pLysS
(Studier et al.13980) was also introduced. Nucleo-
tide sequence of the mutant was analyzed by the
dideoxy chain termination method with the T7 RNA

polymerase promoter-specific primer( Promega ).



Preparation of total DNA of Synechococcus vulcanus

The total DNA of Synechococcus vulcanus was
prepared by a method as described below. Although
the method was originally described for Synecho-
cystis sp. PCC6803 ( Williams, 1988 ), some steps

were altered to improve the yield of the DNA.

1. 1-21iter of S.vulcanus dense culture ( A730
"5 ) was centrifuged at 7,000xg for 5minutes. The
harvested cells were weighed ( 1.5-2.5g ) and

stored at -80°C until use.

2. The frozen cells were thawed and treated with
saturated sodijum iodide solution ( dissolve 4g of
Nal with 2ml water ) at 2ml/gram-wet weight.
After the dincubation of the cells at 37°C for
20minutes, add water to be 40ml/gram-wet weight
and centrifuged at 11,000xg for 10minutes at room
temperature. The supernatant was completely

removed to exclude the residual Nal.

3. The Nal treated cells were suspended with
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Lys-buffer ( 50mM Tris-HC1, pH8.0, 50mM NaCl, 5mM
Na-EDTA ) at 10ml/gram-wet weight, and egg white
lysozyme powder was dissolved to be 75mg/gram-wet
weight. The suspension was incubated at 37°C  for
45minutes then mixed with 10% N-lauroylsarcosine
to be 0.5% and incubated further 20minutes. The
lysozyme-treated spheroplasts would be lysed and
the lysate should be viscous. Phase-constrast
microscopy observation would reveal the residual
intact cells. If the cells did not Tlysed com-
pletely, ca. 1g of baked grass beads (0.4mmg)

were added and burst few times by moderate vor-
texing. But this treatment should not be used if
very high molecular weight DNA (>30kb) was re-
quired. Following phenol-chloroform treatment

could also help the lysis of the cells.

4. Equal amount of phenol-chloroform was mixed
and extracted for 30-60minutes by inverting the
capped tube. The aqueous phase was separated and
recovered by centrifugation at 12,000xg for
10minutes. If the aqueous phase was still re-

mained green color, white interphase (DNA and



protein) was also recovered, mixed and extracted
again. The aqueous phase was then extracted once
with equal volume of chloroform-isoamylalcohol
for 30 minutes and the aqueous phase was recov-

ered again.

5. The cyanobacterial DNA was recovered by etha-
nol precipitation and dissolved into 10ml of 0.2x
TE. Considerable period often required for the
complete dissolving. 10u1 RNase A (10mg/ml) was
mixed and incubated for 15minutes at room temper-
ature, then centrifuged at 14,000xg for 10minutes
to remove insoluble matter. For the recovered
supernatant 2.5m1 of 20%(w/v) PEG-6000/2.5M NaC]l
was added. The mixture was mixed by inverting the
capped tube then stand at room temperature for

30minutes (or at 4°C for overnight).

6. The partly purified cyanobacterial DNA was
recovered again by centrifugation at 14,000xg for
10minutes. The residual PEG-containing superna-
tant should be removed with a brief centrifuga-

tion. The precipitated DNA was then dissolved
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into 8m1 of 1xTE at 4°C for overnight.

7. To 8ml of the DNA solution, 8.8g of CsCl and
0.8ml of 10mg/m1 EtBr solution were added and
mixed by inverting. The insoluble red matter was
excluded by centrifugation at 12,000xg for 20-
30minutes. The supernatant was transferred into a
Hitachi 12PA tube then overlaid with mineral oil.
After ultracentrifugation at 49,000rpm for 21
hours in Hitachi RP-55T rotor at 4OC, single DNA
band was carefully transferred into a new clean
tube through an 18G needle under the illumination

of black Tight.

8. The CsC1 purified DNA was extracted once with
equal amount of water-saturated n-buthanol. The
separated n-buthanol phase was back-extracted
with 0.5m1 water 2 times. The recovered aqueous
phases were combined and extracted once with
equal amount of chloroform/isocamylalcohol, then
extracted once with equal amount of diethylether.
The DNA was finally precipitated with ethanol and

dissolved into 200-400u 1 water. Over 100ug DNA
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usually obtained from culture of one liter.



Preparation of cyanobacterial total RNA

The total RNA of Synechococcus vulcanus was ex-—
tracted by guanidium thiocyanate(GTC) method
( Shimizu, unpublished ) as follows ( all solu-
tions, tips and tubes used in this experiment
were prepared to be RNase-free. See Berger and

Kimmel(1987); Golden et al.(1987) for detail ):

1. 5-10ml cyanobacterial culture of early to
mid-log phase was harvested by centrifugation at
6,000rpm for bBminutes at room temperature. Super-
natant was removed and cell-precipitate was
immediately frozen by liquid-nitrogen, and stored

at -80°C until use.

2. The frozen cells were suspended in 200u1 of a
GTC-mix ( 4M guanidium thiocyanate, 8mM EDTA,
50mM  Tris-HC1, pH7.6 ) and transferred to an

eppendorf tube after thawing.

3. The following solutions were added into the

GTC-mix suspension:



2001 TE-phenol (pHS8)

with 0.2%(w/v) 8-hydroxygquinoline
2001 Chiloroform
100mg Acid washed, baked glass beads(0.4mmg)

101 10%(w/v) SDS

4. The mixture was vortexed at top speed in three
burst of 10seconds each, chilling the tube for a
few minutes after each burst, then centrifuged at
15,000rpm for 1Tminute to separate the organic and

aqueous phases.

5. The upper aqueous phase was transferred to a
new eppendorf tube, extracted 2 to 3 times more
with equal volume of phenol/chloroform(i:1) and

centrifuged at 15,000rpm for 3minutes.

6. The upper aqueous phase was extracted 3 to 4
times with equal volume of diethylether. The
final lower agueous phase should be clear and may

be pale-pink.



7. The RNA in the aqueous phase was precipitated
by mixing with 0.4 volume of 10M LiC1, stand at
~2000, overnight and recovered by centrifugation

at 16,000 rpm for 20minutes in a microfuge.

8. The isolated total RNA was suspended in 100u 1
of RNase-free water, and dissolved RNA was recov-
ered again by precipitation with 0.1volume sodi-
um-acetate (pH5.0) and 2.5volumes ethanol to
eliminate LiCl, washed once with 70%(v/v) etha-
nol, dried in vacuo, and suspended in 20u1 of
water. The resultant total RNA was mature and
almost free of DNA when analyzed by gel electro-

phoresis and northern hybridization.



Southern blotting

The gel electrophoresed DNA was blotted onto
nylon membrane ( Immobilon-N, Millipore ) by
capillary action, alkaline blotting ( Sambrook et
al.1989 ) or by electrophoresis ( Shimizu, unpub-
lTished ).

The electroblotting method has the advantage of
obtain several blotted membranes from a gel

within few hours.

Electroblotting method of DNA

1. After electrophoresis, gel ( agarose or poly-
acrylamide ) was immersed into 0.5xTBE solution
and shaken several times for 30minutes each at
room temperature for lowering the ionic strength

of the gel.

2. Electroblotting was carried out in a blotting
tank filled with 0.5xTBE at 4°C. DNA was trans-
ferred onto hydrated Immobilon-N membrane at

constant current (150mA) for 30minutes.



3. If sufficient amounts of DNA ( 5~10ug ) were
electrophoresed, it was possible to make several
sheets of membrane of blot under the following

conditions that:

Order of Current time for
membrane blot(minutes)
First 150mA 20
Second-
third 180mA 20-25
Fourth-
sixth 200mA 30

4. The blotted sheets were treated immediately
with alkaline solution ( O.5N NaOH, 1.5M NaC1l )
for 10minutes at room temperature with blotted-

side up.

5. Denatured DNA on the membrane was neutralized

with a solution ( 0.2M Tris-HC1, pH7.5 ) for



5~10minutes and the membrane was washed once in a
5x8SC solution, dried with filter papers and
stored at -20°C until use. I could store the
blotted membranes for at least several months

under this storage condition.

RNA gel electrophoresis and blotting

Glyoxylation, electrophoresis and staining with
acridine orange was performed according to Carmi-
chael and McMaster(1980). Relative molecular
size was estimated by using ribosomal RNAs ( 23S:
2,904nt; 16S: 1,541nt; 55:5560nt ; values obtained
from the E.coli ) and an RNA ladder( 1.77, 1.52,
1.28, 0.78, 0.53, 0.40, 0.28, 0.16-kilobases)
purchased from BRL as standards.

For northern hybridization, electrophoresed RNA
were directly alkaline transferred without stain-
ing onto a Hybond~N+ membrane (Amersham Japan),
overnight by capillary action (Sambrook et al.
1989). Blotted membrane was washed once with

5xSSC for 5minutes and immediately provided for

hybridization.



32P—7abeled DNA probe preparation

Labeling of a DNA fragment with 32P

was
achieved by a random-prime labeling method
( Feinberg and Vogelstein, 1983 ) or a replace-
ment synthesis method with T4 DNA polymerase.
Both labeling reaction used high specific activi-
ty (1,000-4,000Ci/mmole) a]pha—32P—dCTP agueous
solution (Amersham Japan and ICN). The long DNA
fragment (>500bp) was 32p_1abeled by random-prime
labeling method and the short DNA fragment
(<B500bp) was 32p_1abeled with T4 DNA polymerase.

DNA Tabeling by replacement synthesis with T4 DNA

polymerase was performed as described below:

DNA Tlabeling by repl
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1. A DNA fragment should be purified by gel
electrophoresis and dissolved in water for 100
ng/u 1 prior to use. The purified DNA was mixed
with following solution in an eppendorf tube in

this order:



DNA 21
10xT4 buffer® 1]
10XxBSA Tl
water 4]
total 8ul

2. 2u1 of a T4 DNA polymerase ( 0.4U/u )** was
added and incubated few minutes to digest some
part of the DNA ( a time required for the diges-
tion was determined by preliminary experiment ).
Although T4 DNA polymerase could digest DNA at

25-40bp/minute under this condition, a precise

speed should be determined for each DNA probe.

3. The tube was quickly transferred to an ice
bath and following premixed solutions were added

immediately:



10xT4 buffer 1.5u]
10xBSA 1.5u1
1mM dATP 2.5u1
imM dGTP 2.5u 1
imM dTTP 2.5u1
alpha-32p-dcTp 4u

( 40uCi,3,000Ci/mmol )

water 0.5u 1

total 15u1

4. The mixture was incubated at 30-37°C for 5-
10minutes to synthesize a new strand and incorpo-
rate the isotope into the DNA (prolonged reaction
period should not be recommended because 3’->5’
exonuclease activity would decompose the DNA even

in the presence of dNTP).
5. The reaction was stopped by adding 1ul of
0.5M EDTA (pHB8.0) and extracted once with equal

volume of phenocl-chloroform(1:1).

7. Unincorporated isotope was removed by pass-



ing through a Sephadex G-50 (Pharmacia, DNA

grade) mini column (column size: #0.9 x 4.4cm).

8. Elution was monitored by a GM survey meter
or Celenkov counting by Tliquid scintillation
counter, and fastest peak was collected. The
recovered probe DNA was mixed to the hybridiza-

tion mixture after heat denaturing.

*10xT4 buffer: 0.33M Tris—acetate, pH7.9, 0.66M

sodium-acetate(pH8), 0.1M (CHBCOO)ZMg, 5mM DTT.

**T4 DNA polymerase was diluted with the follow-
ing solution: 50mM Tris-HC1, pH7.5, 10mM 2-ME,
0.1M (NH4)2804, 0.1% BSA. T4 DNA polymerase was
diluted Jjust prior to use, and the remainder

should be discarded.



Hybridization

Hybridization of immobilized DNA/RNA was per-
formed usually under the following conditions:
40-50% formamide(BRL), 4 to 6x SSPE or SSC,
0.1mg/m1 salmon sperm DNA (Wako), 0.5%(w/v) SDS
and 10x Denhartd’t solution ( 100xDenhardt’s
solution: 2% BSA, 2% Ficoll1-400 ( Pharmacia ) and
2% polyvinyl pyrolidone (Sigma P-5288) ).

Hybridization temperature were determined on
each experiments according to the empirical
calculating methods of Meinkoth and Wahl1(1984).

Hybridized membrane was washed with appropriate
solution by increasing the temperature. The
efficiency of washing was monitored by GM-survey
meter. Existence of SDS at washing decreased the
background efficiently, but since SDS confuse the
autoradiograph pattern so membrane was treated

with SDS-free solution at the end.



Protein assay

Concentration of protein was determined with a
CBB G-250 dye method(Bradford, 1976). Bovine
plasma protein (Bio-Rad) was used as a standard

for assay.

SDS-PAGE

SDS-polyacrylamide gel electrophoresis (SDS-—-
PAGE) was performed according to the method of
Ikeuchi and Inoue(1988), but urea was omitted
from the recipe. A relative size of protein was
estimated from a standard protein marker Kkit
( phosphorylase b, 94kDa; bovine serum albumin,
67kDa; ovalbumin, 43kDa; carbonic anhydrase,
30kDa; soybean trypsin inhibitor, 20.1kDa;
alpha-Tlactoalbumin, 14.4kDa ) and a peptide
marker kit ( myoglobin and its BrCN fragments of
14.6, 8.2, 6.4, 2.6 and 1.7kba ) of Pharmacia.
Gels were fixed first in 7%(v/v) acetic acid for
30 minutes then stained with 0.25% (w/v) CBB R-

250 (Kodak) (Diezel et al.1972), 10%(v/v) metha-



nol-7%(v/v) acetic acid for t1hour, and destained
in 7% (v/v) acetic acid with several sheets of
Kimwipe paper (Kimberly~Clark) (Ikeuchi and
Inoue, 1888) until background dye almost disap-

peared.

Immunological identification of proteins

Electrophoretically separated proteins in SDS-
PAGE gel were blotted onto a polyvinylidene
difluoride membrane ( PVDF;Millipore ) in 25mM
Tris ( pH was NOT adjusted ) and 20%(v/v) metha-
nol at 150mA current constant for 2 to 3hours at
4°C  in a blotting tank. A portion of the mem-
brane where the standard protein was blotted was
cut off and stained with India ink ( Hughes et
al. 1988 ). The remainder was blocked with
2%(w/v) skim milk in PBS-Tween ( 1xPBS with
0.05%(w/v) Tween-20 ) at room temperature for
2hours with gentle shaking or at 4°C, overnight
( Tsang et al.1983 ). The blot was then treated
with rabbit first antibody in PBS-Tween-skimmilk

at room temperature for 2hours with gentle shak-
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ing, and washed more than three times with PBS-
Tween for 15minutes each. After that, the blot
was treated with 300-500 folds diluted horse-
radish peroxidase conjugated goat anti-rabbit IgG
polyclonal antibody (E-Y labs.) in PBS-Tween-
skimmilk at room temperature for 1hour, and
washed same as above. The antibody absorbed
protein band was visualized by staining with
Immuno stain kit ( Konica ).

If necessary, cross reactive components in
first antibody against E.coli originated proteins

were adsorbed by the following method:

1. A strain of E.coli appropriate for experiment
was cultured in 50m1 LB. Ampicillin and IPTG were
added to the medium if required. The cultured
cell was harvested by centrifugation, suspended
in 2m1 of 1xPBS and autoclaved at 105°C for

5minutes.

2. To the heat treated cell suspension, 1.5g of
skim milk powder was added and filled up for 50ml

with 1xPBS.



3. Appropriate volume of a rabbit polyclonal
antisera (laboratory stock) was mixed with the
heat-treated £.coli suspension and kept at 4%¢,

overnight.

4. The residual precipitate was removed by cen-
trifugation at 18,000rpm for 30minutes and super-—
natant was transferred into a clean bottle, mixed
with Tween-20 to be 0.05% and 0.01% NaN3 or

streptomycin, and stored at 4°C until use.

Flash spectrophotometry of P700

Absorbance change of P7op was measured at near
UV region ( 430nm ) by a laboratory made single
beam spectrophotometer connected with a signal
averager ( Hiyama and Ke, 1971 ). P?OO was
coupled with TMPD and sodium ascorbate (Hiyama
and Ke, 1972) containing buffer-C mixture ( 100mM
Tris-HC1, pH8.8, 0.2M Sucrose, 0.5mM 2-ME and, if
required, 0.05% Triton X-100 ). Excitation of
P700 was achieved by a xenon flash through red-

filters. The transient absorbance changes of



Psoo were averaged 4 to 16 flashes at 30-seconds

intervals each.

Spinach photosystem I and CPI preparations

PSI and CPI preparations of spinach ( Hiyama et
al.in preparation ) were kindly provided from
Mr.S.Kobayashi. CPI was prepared from spinach
PSI by treating the spinach PSI with 2M Nal at
4°c, and immediately ultlafiltrated by a UK-200
membrane (Advantec TOYO, Japan) with nitrogen
pressure. Ultrafiltration was performed to near-
dryness on the filter. Both preparations were

stored at -20 or -80°C until use.



psaC gene expression and holo PSI-C fraction isolation

An E.coli strain pSVCX1/JM109(DE3) were inocu-
lated into 5ml1 of EX-broth ( 1.6%(w/v) Polypep-
tone, 1.0%(w/v) Bacto Yeast Extract, 1.0% NaCl )
supplemented with 100 g/mi ampicilin and
0.2%(w/v) glucose, and shaken at 37°C for 12-14
hours. 500u 1 of the pre-culture was inoculated
to 50ml of new EX-broth containing 50uM FeSO4
but glucose-free and shaken for 3hours at 37°cC.
An IPTG solution was added to the media to be
0.5mM and shaken further 2hours. The cells were
harvested by a centrifugation at 4,000xg for
Sbminutes at 4OC, wet-weight was estimated, and
suspended into 5ml of solution-A ( 50mM Tris-HCIT,
pH8.8, imM EDTA, 50mM NaCl, 5mM DTT and 1mM
PMSF ) per g-wet weight of the cells ( the solu-
tion and centrifuge tube used bellow were filled
with nitrogen gas before use ). Suspended cells
were passed two times through French press at
8,000p.s.i., transferred into a centrifuge tube
and 5 to 10 times volume of nitrogen-replaced

solution-A was mixed. After centrifugation at



4,200xg for Bminutes at 4°C, the supernatant was
discarded and the resultant pellet was resuspend-
ed in 1.5m1 of solution-A, and centrifuged again
at 1,000xg for 1minutes to get rid of the unbro-
ken cells. The prepared PSI-C rich inclusion body
fraction was stored at 4°C under nitrogen atmos-
phere and used immediately or frozen at -80°C

until use.

Amino acid sequence analysis

Amino acid sequence of PSI-C protein was deter-—
mined with Shimadzu PSQ-1 protein sequencer. A
crude extract containing the PSI-C protein whose
expression was promoted with IPTG in E.coli was
subjected for SDS-PAGE. After the electrophore-
sis, separated protein band was directly elec—
troblotted from the gel onto Immobilon PVDF
membrane and stained with amido-black. The
stained protein band which corresponded to the
PSI-C protein was excised from the membrane and
carefully washed with Milli-Q water. The excised

membranes were provided for sequence analysis.



Reconstitution

The isolated inclusion body fraction was solu-
bilized just prior to reconstitution by 0.5%(w/Vv)
Triton X-100 for 1hour at 4°C in nitrogen atmos-
phere. The mixture was centrifuged at 7,600xg for
bminutes and the supernatant was recovered. A 3
volumes of the spinach CPI preparation (3 to 6uM
as p700) was mixed with the solubilized inclusion
body fraction and kept for 1hour at room tempera-
ture, then ultlafiltrated with Molcut II( Milli-
pore, exclusion 1imit 30,000Da ) at 49cC., The
concentrated, tar-like mixture was resuspended
with aligquot of 0.1M Tris-HC1( pH8.8 ), concen-
trated again and resuspended with the same buff-
er. Reconstituted PSI(rPSI) was provided for the
flash spectrophotometry analysis and for low

temperature EPR spectroscopy analysis.



Electron microscopy

E.coli cells were fixed directly 1in culture
medium with 3% glutaraldehyde for 45minutes. They
were collected by JTow speed centrifugation
( 3,000xg ) for 5 minutes, and the resuspended in
0.2M cacodylate buffer ( pH7.2 ) containing 3%
glutaraldehyde and left for 2hours. Following
two times of washing ( 30minutes each ) with the
same buffer, they were post-fixed with 1% osmium
tetraoxide in 0.1M cacodylate buffer for 2hours,
briefly washed and centrifuged into a pellet, and
taken up into agar blocks by adding 4% agar in
distilled water to the pellet.

The agar blocks were then excised into small
pieces, dehydrated through a graded serijes of
acetone and embedded in Spurr resin. Thin sec-
tions were stained with agqueous uranyl acetate
and then lead <citrate, and observed with a

Hitachi H700H electron microscope at 100kV.



Low temperature EPR analysis

Electron paramagnetic resonance (EPR) signals

of PSI, CPI and rPSI at Jlow temperature were

measured according to the method‘of Hiyama et

al.(1985).
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cccDNA, covalently closed circular DNA;

CP1, Core complex of photosystem I;

Dithionite, sodium hydrosulfite;

DMTr, Dimethoxytrithyl;

FA, Iron-sulfur cluster center A;

FB, Iron-sulfur cluster center B;

GTC, Guanidium thiocyanate;

IPTG, Isopropy]—B~D-thioga1actopyranoside;

moi, multiplicity of infection;

PEG, Polyethyleneglycol;

pfu, plaque formation unit;

PMS, N-methylphenazinium methylsulphate
(phenazine methosulphate);

PMSF, phenylmethylsulfonylfluoride;

PNK, T4 polynucleotide kinase;

PSI, Photosystem 1;

rPSI, reconstituted photosystem 1

TEMED, N,N,N’,N’-tetramethylethylenedinamie;

TMPD, N,N,N’,N’-tetramethyl-p-phenylenediamine;
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Isolation and characterization of the
genes for mtnA-psaC of Synechococcus

vulcanus

L0 ey s i e

The psaC gene is found in chloroplast genomes
of higher plants: tobacco ( Hayashida et al.
1987 ), 1liverwort ( Oh-oka et al.1987 ), barley
( Hoj et al.1987 ), maize ( Schantz and Bogorad,
1988 ), pea ( Dunn and Gray, 1988 ) and wheat
( Dunn and Gray, 1988 ). It encodes a photosys-
tem-1 associated polypeptide, variously designat-
ed as Subunit VII, 9kDa subunit, PsaC, PSI-C,
etc., presumably the apoprotein for iron-sulfur
clusters, Centers A and B. Koike et al.( 1983 )
previously reported a partial N-terminal amino

acid sequence of Subunit VII of a thermophilic
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cyanobacterium, Synechococcus vulcanus and it was
a first and only report of the sequence of cyano-
bacterial 9kDa subunit. Because of the potential
importance of the cyanobacterial photosystem I
gene isolation for the genetical manipulation and
protein production, we attempted to isolate the
corresponding gene from the S.vulcanus genomic
library cloned into A -Dash with tobacco psaC DNA

probe.
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