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ISOLATION OF A TENFOLD HIS-TAGGED
D1 PROTEIN FROM CHLAMYDOMONAS
REINHARDTII USING NI-NTA AGAROSE

To make the D1 protein available for restriction studies and modification analysis, a
pure D1l-preparation which realizes the accumulation of the D1 protein by a fast and
reproducible method, is necessary. The current work presents such a method. Inside the
D1 protein of the chlorophycee Chlamydomonas reinhardtii a tenfold His-tag was
integrated into the d-e loop. After binding the native, solubilized photosystem Il (PSII) to
Ni-NTA agarose the D1 assembled components were washed away by using 8 M urea
and 0,3 % SDS. Isolated D1 already can be detected by Coomassie staining after SDS-
PAGE. The eluted D1 protein contained as an impurity only the D2-protein, which was
cross linked to D1. Using hydrogen peroxide it is shown, that the purified D1 protein can
be employed to restriction analysis in vitro. Restriction fragments are easily detected by
silver staining-instead of antibody reactions.

Key words: Chlamydomonas reinhardltii, D1 protein; Photosystem II; His-tag.

o6 3pobumu 6inok D1 docmynHum Ons docnidxeHHs ma aHarnizy 3MmiH, Jucmul
npernapam D1, sakul 30ilicHoe Hakornu4yeHHs1 6inka D1 weudkum ma eidmeoprosarnibHUM
memodom, € HeobxidHumM. JaHa poboma npedcmaserisie yel memod. BHympiwHs cmpykmypa
6inka D1 chlorophycee Chlamydomonas reinhardtii 6yna exmoueHa e yukn D-e. [licns
36's13ysaHHs piGHOI, contobinizogaHoi gpomocucmemu Il (PC) dns1 Ni-NTA azaposu binka
D1 3ibpaHi komrnoHeHmu 6ynu 3mumi 3a doriomozoi0 8 M movyesuHu ma 0,3 % SDS.
I3o51b08aHi binku D1 MoxHa susisumu 3a doriomoz20t0 ¢hapbysaHHs 8 Kymacci nicrist SDS-
PAGE. Bumueaemsbcs 6inok D1, skuli micmumbcs y auansadi domiwku minbku 6inka D2,
sAKul 6ye 36'si3aHull 3 D1. BukopucmaHHS nepekucy 800HI0 rokKasasu, Wo o4uueHul
6inok D1 moxe 6ymu sukopucmaHruli 0nsi obmexeHHs1 aHanisdy e npobipui. ObmexeHi
hpazmeHmu fie2ko 8usisUMU Ha CpibHOMY 3abaperieHHIi — 3amicmb peakuii aHmumirt.

Knrovoei cnoea: Chlamydomonas reinhardtii, 6inok D1, gpomocucmema I, His-tag.

Umobk! cdenampb b6eriok D1 docmynHbiM Onisi uccriedosaHusi U aHanusa UsMeHeHud,
yucmsil npenapam D1, komopbil ocywiecmensem HakornneHue 6enka D1 6bicmpbiM U
80Crpou3800UMbIM MemodoM, sisridemcsi Heobxodumbim. [aHHass paboma ripedcmaesnssem
amom memod. BHympeHHee codepxkaHue bernka D1 chlorophycee Chlamydomonas reinhardtii
6bi1r10 ekno4yeHo 8 yukn D-e. lNocne cessbigaHus podHou, conobunu3uposaHHsbIU
gomocucmemnbi 1l (OC) dns Ni-NTA azaposbl berika D1 cobpaHbie KOMAOHEHMbI bbinu
cMbimbl ¢ nomowbio 8 M moyesuHsl u 0,3 % SDS. WU3onuposaHHble b6ernku D1 MOXHO
OBHapyxXumb ¢ noMowbto okpawusaHusi 8 Kymaccu nocne SDS-PAGE. Bbivbieaemcsi
6ernok D1, codepxawuticsi 8 sude rpumecu mosibko bernika D2, komopsbil bbin cesizaH ¢ D1.
Ucnonb3oeaHue repekucu sodopoda riokasasnu, 4mo oHuleHHbIl beiok D1 moxem 6bimb
ucrnosnb308aH 07151 0epaHUYeHUs aHanu3a 6 npobupke. OepaHudeHHble hpacMeHMbI J1e2KO
O0BHapyxxumb Ha cepebpsHOU oKkpacke — eMecmo peakuyuu aHmumerl.

Knroueesie cnoea: Chlamydomonas reinhardtii, 6esiok D1, gpomocucmema 11, His-tag.

Abbreviations ROS reactive oxygen species

D1,D2 reaction center proteins of photosystem I DoDM  n-dodecyls-D-maltoside

Del pshA deletion mutant

IL intronlesspsbA mutant Introduction

PSII photosystem I Since many 100 of millions of years green plants
PSI photosystem | use photochemical energy to transform water ang CO
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into glucose and oxygen inside chloroplasts. Theet al. 1990, Shipton and Barber, 1991, Miyao, 1994,
primary charge separation takes place at the sedcal Schiller and Dau, 2000).

photosystem Il (PSIl). This multi protein complex, Sugiura, Inoue and Minagawa employing
which is integrated into the thylakoid membraneq®  Chlamydomonas reinhardttio create a D2 protein,
a dimer. Each monomer consists of 25 subunits andvhich possesses a 6-fold, carboxy-terminal His-Tag
57 different cofactors (Lucinski and Jackowski, @00  (Sugiuraet al. 1998). Utilizing a nickel resin column
The core complex, built from protein D1 and D1, is they isolated the His-labeled D2-protein togethith w
bound form the proteins CP43 and CP47. At thethe associated PSII proteins — such as D1, CP4&, €P
stromal side the light harvesting complex Il (LHCII by rajising the imidazol concentration. They tried t
is associated to PSII. It absorbs the irradiatgttli  |3pel also the D1 protein ofChlamydomonas
and forwards it to the primary electron accepi@6P  reinhardtii — using a His-tagged amino-terminus —
This chlorophyll dimer is bound to the histidinite®s ¢ no photoautotrophically transformants wereiobth
His-198, respectively His-197 of the proteins DD& A pative PSII was also isolated by using a 6-fold H
After activation it transmits electrons to the Ddubd -taged CP43 (Sugiura and Inoue, 1999), a 6-fold His

pheophytin. _ _ __taged CP47 (Suzulet al. 2003) and a 6-fold His-
During charge separation reactive oxygen SPeCieS, qed PshH-protein (Cullat al. 2007).

(ROS) are produced. ROS are reacting with targets All these preparations are made to isolate the

from their surroundings: for example leading to D1 whole PSIl complex or PSll-subspecies. To investiga

cleavage. The damaged D1 protein is degraded b¥nodiﬁcations of only one PSII protein, the exantine
proteases, removed and replaced by a functiongl cop one had to be prepared with a high purity, well

Therefore it is known as that chloroplast protein .
P P separated from other PSIl components, and also in a

showing the highest turnover. . . ! i
To identify the occurring reactions inside of PSlI quantity, to allow d|ffe.rent StUd'eS.' None of hitfue
published protocol fulfills these criteria.

and in that involved components different PSllagoh )
methods were established. The current work presents a method to purify a
Diner and Wollman (1980) described a preparation,t€nfold His-tagged D1 protein fro@hlamydomonas
which was used to isolate active PSlI-particlesnfro €inhardtii using Ni-NTA agarose. This method needs
Chlamydomonas reinhardtivithout contamination of ~ Only 400 ml of algae for purification of 88 pg Dibfein
PSI. Generating a sucrose gradient they isolated 1 only 4 hours. Moreover, the high concentrated D1
without the additive of detergents — photosyntladigc ~ Protein shows a high purity. Therefore due to these
active membranes. These membranes were solubilizegharacteristics it is suitable for modification aastriction
by digitonin and triton X-100 and separated aggimb analysis. Such a method is hardly needed, bechese t
sucrose-gradient. An active PSII complex was isdlat D1 protein, localized inside of the thylakoid meanie,
at a density of 24 % sucrose. Using a DEAE-Sephadexs the most important target of oxidative attack(
A-50-column and consequently removing five proteins et al. 1993). During light exposure charge separation
the specific activity was improved about 50 %. continuously takes place. That leads to a D1-damage
At the first time in 1981 a method which enabled coursed by reactive oxygen species. Here it is
the isolation of PSII from higher plants withoutlPS demonstrated that — using the described new D1
contamination was published by Bertheldal. (1981). purification method — development of D1-fragments
Two solubilizing steps including a triton X-100 taining coursed by hydrogen peroxide can be easily detected
buffer were added to the membrane preparation oby silver stainingn vitro.
Robinsonet al. (1980). The received PSII particles Material and methods
were stored using a sucrose-HEPES buffer. Cell culture
Nanba and Satoh (1987) established a method for ¢ reinhardtii strain Dell (Preiset al. 2001)

isolation of a complex consisting of D1, D2 and \as grown on sterile TAP agar (Gorman and Levine,
cytochrom b559. That one is based on the protocol1965) at a light intensity of 20 pmol of photondsh
developed by Kuwabara and Murata (1982). PSIl ater transformation, photosynthetic active strairese

particles were solubilized using a 4 % triton X-100 . ,itured on sterile HS agar (Sueoka, 1960) or grown
containing TRIS-buffer. Afterwards protein micelles ;. 155 m glass flasks filled with TAP media at 25

were apsorbed by a DEAE-Toyopearl 650S-column. .4 o4 5 light intensity of 150 pmol of photondsth
At first associating proteins were washed away and Construction of mutants

then the D1/D2/Cytb559 complex was eluted using a Escherichia coli strain DH%/1 was used as

salt gradient. recipient strain for DNA transformation. Cells were
Tanget al. (1990) added further solubilization and pier . C .
rown in LB agar and in further case in LB media at

chromatography steps to that from Nanbah and Satoly_",

published protocol to isolate a D1/D2-complex out @7 T(r:ua(i?arglr)r:i?jos;alélcgoi%ined the intron-IpsbA
f Spi I dh ified protei d )

of Spinacea gleracea e pLIrted pro‘eins occurred as Sequence ofhlamydomonas reinhardtiiThe BsEll

a dimer. Neither D1, nor D2 monomer was ~. _ . .
detected. Tanget al. purified only cross linking Sit€ was used for pasting a tenfold His-tag via

products. Basing on these methods many othePligonucleotide linker (Fig. 1) intpsbA Synthetic

techniques were described for PSII separation (ShinPligomeres (Biomers) were phosporylated by T4
polynucleotidekinase at a concentration of 1 ug per
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10 ul in buffer (Fermentas) containing 1 mM ATP for filter devices with low-binding Ultracel membranes
1 hr at 37 °C. One-tenth of the same preparationto get 1,8 pg D1 protein/ ml.
was ligated to plasmid (1-5 pg) in the same buffer  Protein analysis
overnight at 4 °C before purification by agarosé ge Isolated proteins were solubilized for 5min at €5 °
electrophoresis. Restriction enzymes were useddicgo  with a sample buffer containing 5 g4mercaptoethanol
to the manufacturs instructions (New England Bigjab (v/v) (Laemmli, 1970) and separated by SDS-
Typically 90 ug of DNA in 30 ul of the recommended PAGE (Schéggeet al. 1985) generally using 15 %
buffer was digested with 1 unit of enzyme at the polyacrylamide gels (14 x 14 x 0,75 cm). Gels were
recommended temperatures. Cohesive ends of DNAoaded on an equal protein basis. After electroggisy
were filled in with the GoTaq (Promega) in buffer the proteins were electro blotted onto nitrocebelo
(Promega) containing the four desoxyribonucleotidesaccording to Towbin et al. (1979) and incubatedhwit
(ImM each). The transformation of strain DH5 antibodies as described (Pregtsal. 2001) or also
was carried out according to Hanahan (1983). Tdmmptl  stained. The staining procedure with Coomassikahtil
preparation was performed by the method of Quiagen.blue R250 was performed according to the instractio
Biolistic transformation of Merril (1990). For silver staining the method of
C. reinhardtii mutant His10, that possesses a Berkelman and Stenst-edt (1998) was used.
tenfold His-tag inside of PsbA, was created by gisin To identify stained proteins, corresponding lanes
the particle gun (Kleiret al. 1987) as described by were cut out of Coomassie blue stained gels and sen
Dauvilleeet al. (2004). As carrier for precipitated to Toplab.
PCR products Wolfram was employed. After H,0, treatment
particle bombardment cells were left on TAP agar Isolated D1 protein was treated with 0,3-3 %
and one day later placed on HS agar for selecting o H,0, (v/v). For inhibition of restriction 0,3 mM EDTA
photoautotrophic growth. was added. The sample was incubated for 0-60 min
RNA analysis or also 24 h at 4°C or 37°C inside of a thermo kloc
Isolation of RNA was carried out as described by  Results
invitrogen (TRIzof). Total RNA was separated on Transformation of C. reinhardtii
1,2 % formaldehyde/ agarose gels as described by In order to isolate and purify the D1 subunit of
Sambrooket al. (1989) and Northern blot analysis was PSII by affinity column chromatography methods, a
done according to Kroczek (1993). For detection of mutant ofChlamydomonas reinhardtivas constructed
psbAmMRNA a Dig-labeled probe was used. by inserting an oligonucleotide linker encodingag t
D1 purification with ten consecutive His residues into the intresle
400 mlC. reinhardtii cells with a density of 4 x psbAgene (Fig.1) (Preisst al. 2001). That mutant
10 cells/ml were harvested by centrifugation for il m was named His10.
at 4 000g, resuspended in 0,1 M M2O; and broken Since the outmost N- and C-termini of the mature
for two times by Yeda press treatment (ShneyourD1 protein appear to be of functional importance
and Avron, 1970). Cell wall particles and unbroken (Nixon et al, 1992; Takahashi et al, 1996; Sugiura
cells were removed by centrifugation at 1 090 et al, 1998), for the affinity tag a position within the
Thylakoid membrane was received after centrifugatio extended D-d-e loop region of the stromal loop were
at 20 000g and resuspended in ice cold 0,1 M chosen. Although the D1 protein sequence is highly
Na,CO;. Chlorophyll concentrations were determined conserved it has been shown that the loop region
by the method of Arnon (1949). Thylakoid membrane tolerates insertions without significantly affeain
material of strain His10 comparing to 450 pg photoautotrophic growth (Kless and Vermaas, 1995).
chlorophyll was used for saturating 2 ml Ni-NTA At the DNA level, suitable insertion positions were
agarose (Quiagen). After solubilization of thylakoi predetermined by uniqugstBI restriction site within
membranes from His10 in 25 mM HEPES/NaOH the intronlespsbA gene (Fig. 1b). According to the
(pH 7,5), 100 mM NacCl, 10 % glycerol (v/v), 2/  3-dimensional structure of the D1 protein, thergtfi
-dodecylp-D-maltoside (DoDM) (w/v) for 1 h at 4 tag will thus be located in exposed regions fathey
°C and centrifugation at 13 0Qf supernatant was stroma side of the thylakoid membrane (Fig. 1c).
loaded on Ni-NTA-Agarose as described by Sugiura To generate transgenic chloroplasts expressing
et al. (1998). Washing the loaded material was the affinity tagged D1 protein, in the current work
performed by 25 mM HEPES/ NaOH (pH 7,5), chimeric genes containing the oligonucleotide inser
100 mM NacCl, 10 % glycerol (v/v), 0,03 % DoDM were constructed (Fig. 1a, b).
(w/v) and 15 mM imidazol. Thereafter at first 8 M Using the biolistic transformation method, the
urea and then 0,3 % SDS (w/v) was added to theHis10 construct was delivered into chloroplasts of
buffer. The column was washed till the flow through recipient strain Dell which lacks a 425 bp fragment
had no visible impurities. The D1 protein was elute within the psbA gene and is thus unable to grow
with 40 mM MES/ NaOH (pH 6,0), 100 mM NaCl, photoautotrophically (Preisst al., 2001). Upon
0,03 % DoDM (w/v), 10 % glycerol and 200 mM subsequent selection on minimal media allowing
imidazol and concentrated by using a centriprepphotosynthetic growth only, primary transformants
centrifugal column with Amicon Ultra-4 centrifugal were analysed by PCR for gene integration. Positive
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Linker His10;

5 —GT TAC CAT CAT CAT CAT CAT CAT CAT CAT CATCATG -3
3'—GAT GTA GTA GTA GTA GTA GTA GTA GTA GTA CCA ATG -5

a)

Insertion;
5" —(691) GAA TCA GCT AAC GAA GGT TAC, CGTTTC GGT CAA GAA -3’
E S A N E G Y l R F G Q E

His10 CAT CAT CAT CAT CAT CAT CAT CAT CAT CAT GGT TAC
H H H H H H H H H H G Y
b)
Resulted protein:
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Fig. 1. Construction of th€hlamydomonas reinhardtinutant His10(a) For construction of His10 mutant
the sequence of a tenfold His-tag was includedantoligonucleotide linkefb) That one was inserted into the
psbAsequence using tH&stEll restriction side(c) After integration of the modified gene into thagtom of
Chlamydomonas reinhardwia particle bombardment a mutant was receiveat,@kpressed a D1 protein
carrying a tenfold His-tag at amino acid positi@&Y 2nside of the d-e loop

Single homoplasmic strain from the transformation levels in IL and transgenic strain, indicating ttze
experiment was named His10 and further analyzedransgene does not altpsbA mMRNA accumulation
(Fig. 2). A PCR analysis with primers flanking the (Fig. 2a). Western blot analysis using D1 antiserum
oligonucleotide insertion site identified a slightl indicates similar protein accumulation in His1astr
larger band compared with the control strain IL and (Fig. 2b).
confirmed homoplasmicity (data not shown). DNA Growth rate and oxygen evolution rate of His10
sequence analysis confirmed the correct in-frameand the reference strain were measured, to inedstig
insertion (data not shown). Northern blot analgdis that insertion of a tenfold His tag shows no negati
total RNA revealed that thesbAmRNA is slightly  effect to vitality of the His10 mutant.
larger in the transformants but accumulate to simil
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70.
60 .

o Hisl0psb4-mRNA " - His10 Di-profein

-
<+ pshA-mRNA 30 .. < Dl-protein
20

a) b)

Fig. 2. Comparison opsbAmRNA and PsbA-protein from reference strain Il atrdin His10(a) Isolation
of total RNA and whole cell-protein was done afieswing the used strains under standard conditigstsi
mMRNA of reference strain Il (lane 1a) and mutarg18i (lane 2a) was detected by Northern blot usibDiga
labeled psbA-probdb) D1 protein of reference strain Il (lane 1b) andantiHis10 (lane 2b) was identified by
immunoblotting of whole cell protein correspondiogs pg chlorophyll and incubation with antibody D1
global (Agrisera)

1,5 x 10 cells of strains Il and His10 were used, determined in regular intervals at @p Growth curve
to inoculate kniese tubes and bubbled continuouslywas drawn up during 90 h (Fig. 3). Compared with
with a mixture consisting of 5 % G@nd 95 % air at mutant Il (set 100 %) for strain His10 a growtherat
70 pumol/nts and 72 °F. Numbers of cells were of 93 % was ascertained.

1,54

OD 750nm

0 20 40 60 80 100
tfh

—e— His —m—1I

Fig. 3. Growth curves of reference strain Il and strainlidisGrowth curves of Il and His10 respectively
were measured at QE (OD: optical density) in fixed time (t) intervdls]. Cells were grown in HS-medium at
70 pmol/nis and 72 °F and bubbled with a mixture consisting % CQ and 95 % air

For determination of photosynthesis rate cells offold His-tag inside of d-e loop of D1 protein has n
mutants Il and His10 grown in TAP medium, significant effect on vitality.
corresponding to 15ug chlorophyll were transferred  Isolation of PSIl complex
to a Clark electrode. Oxygen evolution was measured To isolate the whole, to the D1 protein associated
per hour and mg chlorophyll. Using standard comadti ~ PSIl complex, the protocol of Sugiuedal. was used
a net-photosynthesis rate of 196,8 umgh@ng Chl (1998). Thylakoid membranes were isolated by using
for mutant His10 and of 160,6 pmob/®'mg Chl for Yeda press. Solubilization of membranes by a DoDM
reference strain Il were measured. The net-phdftssis ~ containing buffer followed. The solubilized protein
rate of strain His10 corresponds to 82 % to that ofwas applied to Ni-NTA agarose column and washed
reference strain (set to 100 %). with imidazol containing buffer till no protein was
Summarizing results obtained by measuring growthdetected inside of flow through. Whole PSII complex
rate and oxygen evolution of mutant His10 and egiee ~ was eluted by raising the imidazol concentratiame T
strain Il it can be concluded, that integratioradeén-  received fractions were analyzed by silver staining
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(Fig. 4a) and by immunreaction (Fig. 4b). The flow contained no LHC — but D1, D2, CP43 and CP47
through and the washing-steps consisted of thydakoi were detected by silver staining and immunreaction,
membrane proteins such as LHCII, while PSII showing that it was possible to elute PSII by using
components were completely absent. The eluted PSitenfold His-tagged D1 protein.

kDa 1 2 3 4
gp P T .-
DUD1. DUD2
80 - & o +— Cp47
= = cms
40 - - 4— D1 protein
+ 2 proten
30 ..
20 -
i
a)
kDa 1 2 3 4
§0.- <— DU/DL, DI/D2
- B« cp47
40- *+ cms
30 e N #— D[l profein
DZ-protein
20-
b)

Fig. 4. Native elution of PSII complex using a His-tagd®t protein.(a) After applying solubilized
membranes to a Ni-NTA agarose column, the columnwaeshed till no protein was detected inside offlo
through (lane 1-3). Then the PSII complex (lanevd$ eluted by raising the imidazol concentratiopl 8f the
flow through and 2 pg protein of the eluted PSkhptex were separated using SDS-PAGE (applied) éwet s
stained(b) PSII core proteins D1 (lane 1), D2 (lane 2) as &elCP43 (lane 3) and CP47 (lane 4) inside of the
eluted PSII fraction were determined by immunreacti

Isolation of D1 protein the urea washing step leads to an inefficient rexhov

For elution of the D1 protein at first the whole, of associated PSII proteins. We also examined 2-6 M
by DoDM containing buffer solubilized PSII complex urea, 1-2 M NaCl, 20 % EtOH (v/v) and 40 %
was bound to a Ni-NTA agarose-column as describedylycerol (v/v) for enabling PSII destabilizationytb
by Sugiuraet al. (1998). Afterwards column was these substances had no effect on complex integrity
washed by using a 15mM imidazol containing buffer,  After removal of peripheral associating proteins
till the flow through had no visible impurities. WdD1 the D1 protein was eluted by raising imidazol
associating proteins were removed using one columrconcentrations. To get a high concentrated D1isaolut
volume 8 M urea wash buffer and then 0,3 % SDSthe volume was reduced by using a 5 kDa size éanlus
(w/v) containing wash buffer until no protein was column. Received, on SDS-PAGE separated D1 protein,
detectable inside of the flow through. Leaving out was stained using silver or also Coomassie blue. We
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detected two protein lanes: one with a size of Ba k To verify that there are also D1 homodimers inside
(Fig. 5) and one with 60 kDa. Both of them were the 60 kDa area the D1 protein was eluted from out
analyzed by MALDI MS/MS. The 30 kDa large lane of the 30 kDa area and separated it again using the
contained only peptides of the D1 protein (Fig. 6). SDS-PAGE. As result we got again two lanes: one
But the 60kDa large lane consisted of the D1- andcorresponding to 30 kDa and one shifting into the
D2-protein. Immunreactions showed also in the 68 kD 60 kDa area. The hydrophobic helices of that menebra
area a contamination of the D2 protein, while the protein interacted in spite of employing SDS sample
other PSll-components were completely absent (datduffer.

not shown).

kDa 1 2
™~

3
]
70 -l

= < DI/DI
60 . .

40 -

e - - <— DI protein

30 -

20 -
15 -

Fig. 5. Isolation of a tenfold His-tagged protein. PSikgaex was bound to Ni-NTA agarose according to
Sugiuraet al. (1998). Afterwards to D1 protein associated preiere washed away by using a washing
buffer containing at first 8M urea and then 0,3 XSS The pure D1 protein was eluted by raising thiglazol
concentration and concentrated. 4ug D1 proteinapasied to SDS-PAGE and after separation staindia wi
Coomassie blue (lane 2) or also silver (lane 38 Tbomassie blue stained protein was eluted fro@BA
subsequently separated by SDS-PAGE again and silaigred (lane 4). For determining the protein size
protein standard (invitrogen) was loaded paraléeid 1)
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20

a0

1346.7

Haenssgen_4682 Bande 3

70

50

% Intensity

40

1439.6
1547.7

1041.6

18247

11115
§ 122056 1227.6

|2188.0
|2494.2
|2570.3
|2887.3

= &5

{22064
|3000.2

3028 ’ amm ’ 4514

Mass (miz)

Fig. 6. MS/MS spectrum of trypsin cleaved completely ozéti D1 protein. Investigation of the 30 kDa large

D1 protein lane by using MALDI-TOF identified thellbwing peptides: ENSSLWAR, ANLGMEVMHER,
VLNTWADIINR, FCEWITSTENR, LIFQYASFNNSR, FGQEEETYNIXAHGYFGR. We found only

peptide sequences of the hydrophilic loops and weteble to determine a sequence of the transnaarabr
helices. These peptides were linked by hydrophivibécactions and therefore could not be appliet@é-
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Using 400 ml algae suspension, being in half (Fig. 7). After that treatment the protein was sefel
logarithmic growth rate, thylakoid membrane materia by SDS-PAGE and silver stained.
corresponding to 13 040 pg chlorophyl(230 mg A 24 hour hydrogen peroxide incubation of D1
whole cell protein) was obtained. Starting with ttha protein led to building of D1 cleavage productg(f).
quantity of whole cell protein we got 440 ul susgpem Increasing temperature from 4 °C to 37 °C a trifle
containing 0,2 pg D1 protein/pl. increase of the reaction velocity was obtainedeft
H,0,-cleavage of D1 protein addition of 2mM EDTA more cleavage products
Isolated D1 protein was treated with hydrogen possessing a defined molecular weight occurredénsi
peroxidein vitro to simulate the effect of that ROS of 20 kDa range. During 24 hours the chelator priexee
to thein vivo during light exposure by ROS damaged the complete degradation of D1, which was alsavede
membrane protein. in the presence of just 0,03 %,® (v/v). In the
At first we incubated 2 pg pure D1 protein with absence of EDTA, the D1 protein underwent a stronge
0,03-015 % HO, (v/v) for 2 h at 37 °C — in the shift to the higher molecular weights. Also builgliof
presence of 2 mM EDTA to prevent complete restiicti  many fragments having a very different size wakeot

kD

a 1 2 3 4
mt <— shift of D1-aggregats

B & <—shiftof DI/DI and DI/D2
60 -

40-
- W <« shift of DI protein

30

20 -

10 -

Fig. 7. H,O5-incubation of isolated D1 protein. 2ug D1 proteias treated for 2 h at 37°C with 0,03 %04
(v/v) and 2 mM EDTA (lane 2); with 0,09 % H,0; (v/v) and 2 mM EDTA (lane 3) as well as with 0 %6H,0,
(v/v) and 2 mM EDTA (lane 4). D1 protein that wasated with 2 mM EDTA (2h at 37°C) was used as
reference (lane 2). After separation on SDS-PAGE proteins were stained using silver staining

kDa 1 2 3 4 5
S T+ aggregate
- W <+ DI1/D1,D1/D2
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30-
20 -
i 1 ) cleavage products
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Fig. 8. Cleavage of D1 protein coursed by®4. Cleavage of 2 pg D1 protein was induced by hyeinog
peroxide incubation within 24 h at different comafits. D1 incubation was done using 0,3 ¥Ok(v/v) at 4 °C
(lane 1), 3 % KO, (v/v) at 4 °C (lane 2), 3 %@, (v/v) and 2 mM EDTA at 4 °C (lane 3), 0,3 %®} (v/v) at

37 °C (lane 4), 3 % D, (v/v) and 2 mM EDTA at 37 °Qane 5). After separation on SDS-PAGE, the

proteins were detected using silver staining
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Conclusion an increased concentration of glycerol inside afhiveg
Construction of His-tagged D1 mutant buffer interfere hydrophobic interactions between
The D1 protein is an integral thylakoid membrane membrane proteins. But these chemicals showed no
protein, which consists of five transmembrame  effect to the composition of PSIl complex. Removal
helices. Different cofactors which take part on the of peripheral to D1 associated components wasattai
photosynthetically process are bound to D1 protein.by adding of 8 M urea and thereafter addition 8f%,
The N-terminus is stromal exposed, while the Cigaim  SDS (v/v) to the washing buffer. Using urea membran
extension towers into the lumen. They are needed foproteins were unfolded and following exposed there
integration into the thylakoid membrane, maturation hydrophobic areas up to solution (Herbert, 199%). A
and for degradation by proteases in a not yet cetedpl  result SDS integrated non tagged membrane — or
understood manner. Together with D2-protein itdsuil membrane associating — proteins inside micelles and
the core of PSII. Taking part in electron transgord departed them. If that washing step was done only
therefore being an important target of oxidativendge  with SDS and without urea inside the washing buffer
it is that protein in chloroplasts which shows the a large part of proteins was removed. But aftefesil
highest turnover under illumination. For the inigsgton staining according to Berkelman and Stenstedt (1998
of D1 maturation and D1 cleavage after damage &SIl components, being impurities, were detected.
preparation is needed which allows purificatiorhait Concentration of eluted D1 protein done by 3 kDa
membrane protein in quantity and without impurities exclusion columns led to Coomassie blue-stainable
We inserted a tenfold His-tag into the stromal crowds of that membrane protein. Our D1 preparation
exposed d-e loop between the amino acids Trp 23Bhowed after separation on SDS-PAGE two protein
and Arg 238. The amino acids Gly and Trp were dmubl lanes in gel. They were analyzed by immunreaction
because of the insertion. In contradiction to treoty using D1, D2, CP43 and CP47 antibody and also by
of Sugiuraet al. (1998) the obtained homoplasmic MALDI MS/MS. Only the 38,8 kDa large D1 protein
mutant His10 expressed an intact, functional Diepro  was provable by immunreaction and MALDI TOF
psbA mRNA and PsbA content from His10 mutant inside the 30 kDa area. Inside the 60 kDa area and
were nearly identically to that of reference striin also between separation and stacking gel two potei
Also growth rate and net photosynthesis were onlythe D1 protein as well as the D2 protein — were
poor deteriorated, in comparison to the referetreéns  identified. They occurred as heterodimers — due to
These results underlay that we got a completelygrowth conditions: the His10 mutant was culturedeun

functional His-insertion mutant. normal light conditions (60 pmol/As). According to
Isolation of His-tagged D1 protein and of PSlI Ishikawaet al. (1999)even weak illumination led to

complex cross linking products of D1 and D2. Cross linkisg
Following the example of Sugiurt al. (1998), covalent and irreversible.

Sugiura and Inoue (1999), Suzwi al. (2003) and Cutting the D1 protein out of the 30 kDa area and

Cullenet al. (2007) we labeled the D1 protein with a loading it again on SDS-PAGE we showed, that also

His-tag in order to isolate the labeled proteinNMC. homodimers of D1 are present.

Expressing a tenfold — instead of a six fold — tdig- D1 cleavage induced by hydrogen peroxide in vitro

raised the binding efficiency to metal affinity miat Hydrogen peroxide courses stress which leads to

Solubilized thylakoid membrane material from damage of PSII (Allakhverdiev and Murata, 2004).
mutant His1l0 was loaded onto Ni-NTA agarose After incubation of an electro eluted D1 proteigdther
according to Sugiurat al (1998). His-labeled D1 with the non-radical reactive derivate hydrogeroxiee
protein was building a complex together with the Lupinkova and Komenda (2004) detected 24, 20, 5 and
nickel ions of the matrix. After removal of unbound 9 kDa large D1 fragments using immunreaction. But
material the whole PSII complex was eluted. Undigeci in some cases samples, containing cleaved D1-pgspduc
bound proteins were excluded because of Ni-NTAare only hardly distinguished from samples which
saturation with PSII material. These results wesedu represent non cleaved D1 protein.
to develop a D1 isolation method. At first we dened We illustrate that, using the presented D1 extacti
the photosynthetic membranes and bound the receivethethod, pure D1 protein can be employed to invastig
protein extract to Ni-NTA agarose. That resulte@in the differences between hydrogen peroxide cleandd a
D1 protein preparation showing many impurities, non cleaved D1 protein exactly. Incubation of Ddtgin
while the made PSII preparation according to Sagiur together with hydrogen peroxide and EDTA led to
et al. (1998) showed no presence of proteins, which shifting of protein lane to higher molecular weight
are not included in the PSII apparatus and was alsinside of SDS-PAGE during two hours. After 24h in
absent of LHCII proteins. That means that satunatio the presence of EDTA distinct degradation fragments
of Ni-NTA agarose by the PSII complex avoided are observed, whereas the absence of EDTA led to
contamination of the foreign protein. Therefore, in nearly complete D1 degradation. That observation ca
following studies we bound the whole PSII complex be explained by the presence of metal ions inside o
to Ni-NTA agarose using the tenfold His-tagged@rot the sample. During so called «Fenton-reaction» iron
and thereafter washed the complex with differentand hydrogen peroxide reacting to iron(lll), anroygl
substances to remove the D1 associated proteingadical and an hydroxyl anion. Hydroxyl radicals ar
completely. able to induce radical reactions. In absence datdrs

At first NaCl was added to washing buffer to these radical reactions showing a high velocity and
prevent ionic interactions. Addition of ethanol aafd  peptide bounds between amino acids of D1 are deave
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Adding low amounts of EDTA or also EGTA metal released. Thereby charge separation of primargahdi
ions are complexed. Only a few ions are in solutionpair Rg,” — Pheois favored. That leads to building
and consequently able to initiate Fenton reactidhe.  of triplet chlorophyll, which reacts with oxygendn
results point out that the initial cleavage hydmipic  produces singlet oxygen (Lupinkova and Komenda,
areas are discriminated and hydrophilic, solutipoeed ~ 2004). That points out that the vitro observed
areas preferred. Instead of iron also low valertaine cleavage fragments can also ocicuvivo.

complexes as Cu(ll), Ti(lll), Cr(1l), Co(ll) or asNi(ll) In following studies we will investigate the
are in position to react as Fenton reagent (T¢eeeil comparison betweemm vitro occurring andin vivo

et al. 1990). If iron ions are removed from D1 during observed degradation fragments using our establishe
preparation nickel irons took off from nickel colam  p1 preparation protocol.

undertake the function as Fenton reagent.

After thylakoid membrane isolation the D1 protein,  AcknowledgementsWe wish to thank Prof. Dr.
associated proteins as well as components continug). johanningmeier for his cooperation. We alsokhan

their further: LHCII leads electrons to PSIl andESE  py, M. Kiess (Toplab) for excellent MALDI MS/MS
proteins cleave water. Qs reduced, protoned and analysis.
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