CHAPTER 1V

DISCUSSION

Since phosphate is most often the limiting nutrient in the freshwater ecosystem,

the two-component system invol ' W sensing was studied extensively in

E.coli and also in cyanobaeis uding occus PCC 7942 (Aiba et al.,
—

1993), and Synechococcus™WT ) The histidine kinase and

response regulator pair SIIQ / / \\ . lved in thlS response to phosphate-

limiting conditions in Sj;n ogy \\\
: [r- ’\\

of interest to study the s .

ool

’-2: . \
regulation by using site-diregte %‘_ \

Site-directed mutagen€sis/fegiire o5 4l own sequence of the region of the

et al., 2001) therefore, it is

/'and SIr0081 involved in this

L .."“'.!'Jn- Wl :
target gene (Thiel, 1994). TheSequehces of and S1r0081 were obtained from

Cyanobase. We "V-—_ 3 ‘ahobase differed from that

obtained from the aminmacid alignment of PhoR. On m other hand, there was no

difference in theﬂlﬂﬂ ?WTE]WWSEJ ﬂTﬂUﬁQW protein predicted

from Cyanobase 14¢ked 47 amino ac1ds (Fig. 7). Therefore the start site of s//0337 was
s PGP IFF TR IR Rrcm o

there were !8 nucleotides located upstream of ATG (Fig. 9). If the GTG were the start
codon, there would be 179 nucleotides upstream of the s//0337 gene. Since 5°-UTR of
cyanobacterial expected to lie about 50-100 bp upstream of translation initiation site
(Curtis and Martin, 1994), this result indicates that ATG rather than GTG should be

the start codon of s//0337. After the ORF of the s//0337 and s/r0081 were obtained,
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the function of specific amino acids of PhoR and PhoB in Synechocystis sp. PCC 6803
were examined by site-directed mutagenesis.

Site-directed mutagenesis, causing one or more specific changes in nucleotide
sequence, has been used primarily in unicellular cyanobacteria for the study of

photosynthesis. The plasmid with the tion is introduced into the wild type

cyanobacterium by gene transfe mid is constructed by insertion

. ‘ . . .
an region of the interested

ypica }" oduces mutants. However, in

an antibiotic resistance ge
gene. Selection for antibi
some cases recombinati oOgeur -at onl segment of DNA between the

mutation and the antibi

mutants when the plasmid with i ' ed mutation is transferred to the

cyanobacterial o_ inations can be formed only

Y]

by crossover events outﬂe att such recombinants should

contain the site-directed mqta'ggn within that gene (Thiel, 1994).

The seleﬂluaegimlignmesi%igtg ﬂl’cﬁenesis are antibiotic-
resistance_cas ett’%g. The pho oagﬂ 1 }{1 s_followed’ to, confirm that
antibioticilgles, @luﬁeﬂnﬁh ggt:ﬁs gﬁtﬁja miﬂonstructs had
no unexpected deleterious effect in the resulting strains. The deletion strain and
control strains showed similar growth to wild type in both normal and phosphate-
limiting BG-11 (Fig. 14 and 15). The results suggested that the antibiotic-resistance

cassette had no effect on the phenotype of the mutant strains.

Previously, a Thr-214 to Asn substitution in S110337 resulted in up-regulation of
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alkaline phosphatase activity in phosphate-sufficient conditions. However, removal of
the negative regulator PhoU in this mutant reversed this effect even though the APhoU
strain exhibited constitutive up-regulation of alkaline phosphatase activity. The results

can suggested that Thr-214 may interact with PhoU (Simpson, 2003). Moreover, the

mutation.

The amino acid 14 of the histidine kinase

from E. coli contains b as Ser, Thr, Asn, Ala and

Gly (Stock et al., 1995 ase from Synechocystis sp.

PCC 6803 can be Thr/”A 214N has been previously

constructed (Hirani, 2001). i _ he' Fh St was further replaced with Ser,

Ala, Arg, Gln, Gly and compare_‘, i

-

phosphatase activity of the T2 214R mutant was not"inducegd-(Fig. 17, lane 7) whereas

A

other Thr-214 mutationsﬁro ¢

Neand wild-type strains. The alkaline

sscd mkaline phosphatase activity

(Fig. 17, lane 2-6) under p@(ﬁghate-limiting gondition. The identification of Thr-247

in the H box onﬂeulﬁjlg m &Jimaﬁuwﬂla mjhotransfer domain of
EnvZ, inﬁzaﬁ ;{aﬁw cﬁ%oiltf ﬁ’}‘iﬁ ;Jivaﬁﬁ of a histidine
kinase may play a roleq in shifting tijreaction equi :gum n a;/or of reverse
phosphotransfer of the phosphoryl group from OmpR to EnvZ (Dutta et al., 2000).
The Thr-247 corresponds to the Thr-211 in S110337. However, the Thr-214 is still in
the active site so the substitution of Thr-214 with the positively charged residue Arg

may be involved in the reverse phosphotransfer from phosphorylated SIlr0081.

Moreover, Thr-214 corresponds to Thr-250 in EnvZ and this Thr-250 participates in
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the formation of helix I in close proximity to the phosphorylated His-243 in H motif of
EnvZ (Qin et al., 2003; Tomomori et al., 1999). It is possible that replacing Thr-214
with Arg of S110337 may be related to the charge repulsion between the histidine and
arginine. This repulsion could disrupt the PhoR function in Syrnechocystis sp. PCC

6803.

Mutant strain T214S, and T214N exhibited a very

-

interesting result (Fig. 17). tanfs displayed eonstitutive induction of alkaline

phosphatase activity. H '_ fe-p osphatase in normal BG-11
was not as high as tha ) 7.’_ ph limiting conditions. These results
indicated that the mutati 214Q. T214G and T214N strains
leads to an insufficient under phosphate-sufficient
condition while retaining phosphate-limiting conditions.
The residue Thr-214 correspon§ '-‘:‘-; he PhoR from E. coli. The T220N
mutant was found to-bé epression “of the pho regulon in an
environment of excess ‘ Pl u. et al., 1989). Since the

T220N mutant was insensiﬁi\’/&to the environwntal phosphate concentration, the Thr-

220 residue mayﬁéi u&naomg'm t§ wlaran; ;itnal and therefore this

mutant is Olﬁeﬁd acﬁr;s 'tuﬁve cﬂaﬁﬁm v/
Tar pression of flh régulon is attrib ;mhg”lﬁroun. Moreover,

this protein may interact with PhoR to form a repression complex (Wanner, 1995). To

investigate whether Thr-214 interacts with PhoU, The Thr-214 mutants in the absence
of PhoU were constructed. The role of the phoU gene product in the regulation of
alkaline phosphatase synthesis was originally inferred from the phenotype of the

phoU35 mutation. This mutation causes constitutive synthesis of alkaline phosphatase
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in E. coli (Nakata et al., 1984). Furthermore, the alkaline phosphatase activity was
highly induced when the phoU35 null mutants were grown under phosphate-sufficient
condition. The result indicated that PhoU is a negative regulator of alkaline

phosphatase. In the present study, the APhoU mutant from Synechocystis sp. PCC

6803 gave a similar result to that 1l mutant confirming that PhoU is a
negative regulator of the phos ~- (e-S Athway under phosphate sufficient
conditions.

When the Thr- i ruption were obtained, the
alkaline phosphatase a : wi at of'the APhoU and wild type

strains. The results fro end as that of APhoU mutant

(Fig. 21, lane 2-6) except fo AP ' a e 7) and T214R:APhoU (Fig.
21, lane 8). There was V aline phosphatase activity of
T214R:APhoU. This 1_result conf - If 8 bstitution of Thr-214 with Arg affects
the function of Pho isruption of signal ‘ b ssciton. [Biiiicn

PhoU was removed, thﬂpho regulon re . on—fu@tional. The mutant strain

T214N:APhoU Vﬁ ﬁvﬁ?ﬁﬁtﬁlﬁfw?ﬁtﬁ ?ivity only marginally

under both phosphate-sufficient and phosphate-limiting conditions (Fig. 21 lane 7).
¢ o, o/
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constructe(? in EnvZ. It seems that T250C did not disrupt the four-helix-bundle

structure of the dimerization domain EnvZ (Qin et al., 2003). Therefore the ability to

form histidine kinase dimers may still be retained in the T214N mutant. In the absence

of PhoU, with insufficient ability to phosphorylate SIr0081, the alkaline phosphatase

activity was poorly induced under phosphate-limiting condition. The result suggested
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that PhoU may interact with Thr-214 in the helix I of SI110337 possibly through the
dimer formation.
The substitution of aspartate at position 55, which is the site of

phosphorylation, with glutamine or alanine renders OmpR unable to activate

W

duction of alkaline phosphatase
@at Asp-88 should be the

phosphorylation site of S afid s mute Hmﬁh"ﬁ ed the pho regulon expression.

transcription (Walthers et al., 2003;

et al., 1990). The Asp-55 corresponds
to Asp-88 in SIr0081.

activity (Fig. 24, lane

There was no induction Al : spha e actiy n D88N:APhoU cells (Fig.
28, lane 3). This result# \ & sp-88 with Arg affects the
function of PhoB resulting i sduction. Even when the
PhoU was removed, the pho regulon‘tén ainednon-functional.

Cyanobacterial cells deficie V asnumber of different nutrients exhibit

--"f" J"ir J"“ ';_
a decline in cellular pigmentation known as chlorosis“or-b eaching. In some cases
chlorosis involves the dﬁra < .Li er cases, there is no active

degradation, but the level; the dlfferent@gments per cell decline because cell

diviston tuﬂ e Eglg';le,-ﬂﬂhﬂi&f! Ghoskdah & al, 1994). Under
phosphatﬁ xﬁr,g] ﬁ {Oﬁ ,ﬁbi_ﬁ ii, ;1 ﬁ ﬁa ;inﬁéﬁj become pale

yellow-green instead of the blue green colour observed in the presence of sufficient
phosphate. This bleaching was confirmed by absorption spectra in Figs. 18, 22 and 25
showing that the the absorption spectra of mutant cells in normal BG-11 showed the
maximum absorption at 680 and 440 nm, due to chlorophyll a, and the peak at 620 nm,
corresponding to phycobilins. However, under phosphate-limiting conditions these are

significantly reduced. In Synechococcus sp. PCC 7942, during nutrient limitation,
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when the anabolism of the cell is slowed down, NADP", the final electron acceptor of
the photosynthetic electron transport chain, is not recycled as fast as under nutrient-
replete conditions and the electron carriers are maintained in a reduced state.

Retention of the phycobillisomes and light absorption during nutrient-limited growth
could further reduce the electron carrie result in photodamage. Therefore, the
degradation of phycobilliso ﬂmize the absorption of excess

MCan be explained that the

o help protection of the

excitation energy (Schw

reduction of the chlor(/

Synechocystis sp. PCC# ‘under phosphate-limiting

conditions.
In Escherichai c are S0 ic teports about the cross regulation between
endogenous acetyl phosphate

lator PhoB in the absence of PhoR,

in vivo (Kim et al., 1996). The :

itation leads to elevated acetyl phosphate
A J,.-"Ji-z ey O

levels because of a -'e ation leads to lower acetyl

-

phosphate levels becausm) a ﬁmer, 1992). Acetate kinase

and phosphotransacetylasg are encoded sll]299 and slr2132, respectively.

Therefore, ~the ﬂsuﬂﬂlm:ﬂ Hﬁaﬂﬂ}ﬂﬁ ASI11299/AS1r2132
o ‘ﬁ"ﬁ NS S e

regulation.§ The ASIr2132/AS110337 and ASI11299/AS1r2132/AS110337 mutant produce
low level of acetyl phosphate so that it cannot phosphorylate SIr0081. Therefore the
alkaline phosphatase activity of these strains should not be induced. Fig. 41 showed
the expected results (Fig. 41, lane 3 and 4). If the SIr0081 can be phosphorylated by

endogenous acetyl phosphate, the alkaline phosphatase activity should be induced
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under phosphate-limiting conditions. However, the alkaline phosphatase activity of
ASI11299/AS110337 was not observed in both normal and phosphate-limiting BG-11
(Fig. 41, lane 2). The result suggested that SIr0081 may not be cross regulated by
endogenous acetyl phosphate in Synechocystis sp. PCC 6803.

Previously, the supplementation yl phosphate in phosphate-limiting BG-

11 was shown to restore endoggnous A cells grown under this condition
ormal BG-11 (Hirani, 2001).
However, it is not known.if*a ate. ~ ansported directly into the cells or of
it is hydrolysed (Hirani 4 y \\\. S110337 strain was used to
examine the ATP prodicti * AGE .\- osphate.  Although most

w pSpbalt containing molecules, the
production of periplasmic ali@aline{hosph : ~ ‘h er phosphate-limiting condition
allows the cells to scavenge p____' 2 le. through the hydrolysis of a wide
variety of organic :;::;;;:=:i=;=::§x=;:==::‘-==:V::V:.m-=m.... dte is transported across

xd

cytoplasmic membrane p 10Sp Erossman etal., 1994). The

alkaline phosphatase activityswas abolishedgin the SI110337 mutant resulting in no

alkaline phosphfz]! u EJ :Juﬂ;ﬂm ﬁz/ﬂu%;l;] ﬂm However, the acetyl
oo e AT TSV Yoy o o=

under phosphate-limiting BG-11 containing acetyl phosphate despite the absence of
alkaline phosphatase induction (Fig. 42). This result suggested that the acetyl
phosphate is transported directly into the cells.

Moreover, if transported acetyl phosphate produced the endogenous ATP via

ack and pta pathway, this mutant strain would not be able to survive because there was
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no acetate kinase and phosphotransacetylase. Our results showed that this strain could
still grow under phosphate-limiting BG-11 containing acetyl phosphate (Fig. 42). The
result suggested that the ack and pta pathways are not involved in ATP production
from exogenous acetyl phosphate. The acetyl phosphate may provide phosphate group

via a different reaction resulting in the hydralyzes of acetyl phosphate.

From Cyanobase, we found that acetafC#inase and phosphotansacetylase of
—

Synechocystis sp. PCC 6803 Were €iicode @ser] 32 genes, respectively.
Therefore these genes w
phosphate starvation. Tedfiscuptional ai n is a ers has traditionally been
carried out by Northern*blofting. & However jgthe reverse transcription RT-PCR has
previously been used to"degectsls '7" RNA “franscript in the polyketide
synthase/nonribosomal peptidg sy \etase of Microcystis aeruginosa, cyanobacterial

hydrogenase genes in Anabaena SP e/ATPase genes in Synechocystis sp

(Kaebernick et al., 20 02 , - used 1o defect mRNA transcripts in
ack and pta gene in thlﬁ'u l}" -PCR of these genes were

greater in cells grown undgr osphate- llmlt% condition than in normal BG-11 (Fig.

). The resuuﬂu&@hﬂ&ﬂﬁ PRI Qosacetytose synthesis

occur at | asm RﬁA % ﬁ 31 ﬁ S& ’IT ﬁfg by phosphate
stress. i transcription regulation” of ac ta genés was alSO0 examined in

Methanosarcina thermophila. The levels of transcripts from Northern blot analysis
were several fold greater in acetate grown cells than in cells grown on other substrates
such as mehanol, trimethylamine, dimethylamine and monomethylamine (Singh-
Wissmann and Ferry, 1995). These results showed that the pfa and ack gene

expression is regulated by the growth condition not only the carbon source but also
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phosphate concentration in the media.

In Methanosarcina thermophilla, only one copy of each gene is present per
chromosome as confirmed by Southern analysis (Singh-Wissmann and Ferry, 1995).
The data from a Cyanobase search showed one copy of ack and pta genes in
Synechosytis sp. PCC 6803. As a simple

\\

of each gene, the ack and pta inferruptic

d to confirm that there is only one copy

measured for the acetate kinase

and phosphotransacetylase @etivities, resp cti@e is only one copy of these

genes per genome in S NP r\i"f the. activities of As//1299 and
Aslr2132 should not ‘beth norma 1 and phosphate-limiting

BG-11.

There are some ‘re of ack and pta gene in

Methanosarcina thermiphila 1409 melioti (Singh-Wissmann and Ferry,

1995 and Summer et al., 1999). ,- pcated upstream and djacent to ack

gene in both organisms In addition, the ;-:;:;;;;-.;;;:;;:;:i strain in Sinorhizobium
\Yee— e )

WO ﬁnes are transcribed as an

meliloti eliminates the ﬂ( ]

operon from a promoter logated upstream of pta. On the other hand the organization

of these genes in% ua«gsmﬂm au&mzanobase showed that
the slll29§ i aakcq)ﬁ ﬁ:iﬁ w ]&]tﬁ ﬁtﬁ hrﬁ' givity was not
induced im Iﬁq:]\osphate-llmlting condition in the pra interruption strains in
Synechocystis sp. PCC 6803. It may be explain that the expression of ack and pta
genes are not transcribed as an operon from promoter located upstream of pra.

In all eubacteria, acetyl-CoA is converted to acetate by the classical mechanism

involving two enzymes, phosphotransacetylase and acetate kinase (Bock et al., 1999).
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Acetate also serves as substrate of catabolism and anabolism in several aerobic and
anaerobic prokaryotes. The activation of acetate to acetyl-CoA, is the first step prior
to its utilization in metabolism (Bock et al., 1999). To date acetate kinases have been
purified from various bacteria and from the archeon Methanosarcina thermophilla.

However, this enzyme has not yet been is¢lated and characterized from cyanobacteria.

The partial purification and chat teriz: e kinase from Symechocystis sp.

macetate kinase was obtained
\\ he phenyl-sepharose is the

\ ation bases on reversible
010

PCC 6803 was performed

after 30% ammonium s

g

Q drophobic  ligands on
*\o ' the surface of proteins.

Adsorption of proteins to a HI adse@k'é’ﬁ sfavored by a high salt concentration in the

hydrophobic interacti £

hydrophobic interactio ! : 1!! '
chromatographic medi

FE
%)
—
polz
]
P

A
non'm
FRTLS

mobile phase because the ionic strefigt solution controls the protein hydrophobicity
-t ;f’ J"ir . ) o

and therefore its degreetof adsorption. The elution of a ¢ kinase is accomplished

otals
N
Li orn, 2001). When the data

of purification were analyz‘ed it was found t the enzyme was purified to 6.18 folds

and the spemﬁcﬂtu&q Muﬂm gw &lﬂﬂ :/jrleld The molecular
weight of acetate kinase from Syéhecho 'yst 6803 %i§ about 48 kDa
~ AR

An activity stain specific for acetate kinase after separation by electrophorysis

W,
by decreasing the ammoﬂ

in native polyacrylamide gels was performed to examine the native enzyme. The test
system was based on the reduction by NADPH+H" of nitro blue tetrazolium via
phenanzine methosulfate. Enzymic activity after electrophoresis was detected with

enzyme from various organisms including E. coli and Acetobacterium woodii (crude
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extracts and purified enzyme) (Winzer et al., 1997). There is only single purple band
from the activity stain in each purification step (Fig. 46). This suggested that partially
purified acetate kinase represented the native acetate kinase. Most of acetate kinases

from eubacteria and the archeon M. thermophilla are typically a homodimeric

f Clostidium thermoaceticum, Bacillus

&sulfovzbrto vulgaris (Yu et al.,

tetramenc and heterodimeric

enzymes, respectively ' \ms’ﬁ\ filtration chromatography

may further determine si mchocystis sp. PCC 6803.

structure. Exceptions are the acetate
stearothermophillus (Nakaji

2001), which have been re

s is 40 °C (Fig. 47) whereas
this enzyme in Thermotoga -" Ac \ 88) showed an optimum at
90°C. The acetate kinase sho u'f;.,_':_ ty between pH 6.5-8.5 (Fig. 48). The
results suggested that this enz - pns over a broad pH range. Acetate
kinase of Desulfovibr :v;-;;-;-;;;.-;;;-:-.;=~:=.-.-:;==-::;;;:.i-_,i ed high activity over a

broad pH range of 7.0—%. o those seen in Thermotoga

maritima (Bock, et al., 1999), and Methangsarcina themophilla (Aceti and Ferry,

- AUEIRENINEATS
ARTROTRRT TR

cations forfjactivity such as Mg~ providing maximum activity in most cases. This
enzyme has an optimal Mg*'/ATP ratio of 1:1 (Fig. 49), suggesting that Mg*" is
required only to complex ATP rather than to have additional effects on enzyme
function or stability. A 1:1 ratio has also been determined for the enzymes of

Escherichia coli (Anthony and Leonard, 1971), Salmonella typhimurium (Fox and
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Roseman, 1986) and M. thermophila (Aceti and Ferry, 1988). For acetate kinase from
C. acetobutylicum, an optimal Mg>*/ATP ratio of 2 has been reported (Diez-Gonzalez
et al., 1997). Furthermore, the substrate specificity was determined in the direction of
acetyl phosphate formation. The enzyme was highly active with acetate, whereas the

reaction rates with propionate and butyraté were low. The acetate kinase also prefered

ATP as the phosphate donor for aecta Ephdtylation (Table 8).
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