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The psbL gene is a member of the psbEFLJ gene cluster in the cyanobacterium Synechocystis 
sp. PCC 6803 and higher plants. psbL , a 4.5 kDa protein encoded by this gene, is a component 
of the photosystem II complex. The amino acid sequence of this protein indicates that it has a 
single membrane-spanning a-helical domain. We have used a targeted mutagenesis technique 
to delete the coding region of the psbL gene in Synechocystis 6803. The resultant mutant strain 
T345 did not show any PSII-mediated oxygen evolution activity and, as a result, could not 
grow under photoautotrophic conditions. However, it had normal PSI activity. The chloro­
phyll to phycobilin ratio in the T345 cells was significantly lower than that in the wild type 
cells. Fluorescence emission spectra (77 K) of the mutant cells showed the absence of a 695 nm 
band that usually originates from the PSI I complex. Binding assays with radioactive diuron 
demonstrated that the mutant cells did not have any herbicide binding activity. However, 
immunostaining experiments showed that both the D 1 (the herbicide binding protein) and the 
D 2 proteins of the PSII reaction center were present at > 2 5 %  of their normal levels in the 
thylakoid membranes of the T345 mutant cells. Our data indicate that the PsbL protein is 
essential for the normal functioning of PSII.

Introduction

Photosystem  II, one o f the two pigment-protein  
com plexes in the thylakoid m em branes o f cyano­
bacteria, higher plants and eukaryotic algae, me­
diates light-induced electron transfer from water 
to plastoquinone m olecules. Two polypeptides, 
D 1 and D 2 , are known to form  the binding envi­
ronm ents for the reaction center chlorophyll(s) 
P 6 8 0 , pheophytin, quinone acceptors QA and Q B 
as well as a four-m anganese cluster involved in wa­
ter oxidation (see [1] for a recent review). C yto­
chrom e b 559, a hem e-containing protein, is closely 
associated with D 1 and D 2, although its exact 
functional role is yet to be determined. PSII also 
contains two antenna chlorophyll-binding p ro­
teins, C P 47 and C P 43 . In recent years, newly de­
veloped polyacrylam ide gel systems and protein  
sequencing techniques have been used to reveal the 
presence o f a num ber o f small ( <  10 kD a) proteins 
in the PSII com plex [2], How ever, the functional 
roles o f m ost o f these small proteins are currently  
unknown.

One o f these small polypeptides is PsbL, a p ro­
tein o f approxim ate m olecular mass o f 4 .5  kDa.
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The presence o f this protein was discovered in pu­
rified PSII core com plex preparations from  wheat 
and spinach [3, 4] as well as in a PSII reaction cen­
ter preparation from  the cyanobacterium  Synecho­
coccus vulcanus [5]. The N -term inal sequences of  
these PsbL proteins m atched with the deduced  
amino acid sequence o f the protein encoded by 
psbL, an open reading fram e in the chloroplast 
genome o f tob acco  that has been com pletely se­
quenced [6]. The exact function o f the PsbL p ro­
tein is unknown. R ecent studies by N agatsuka and  
co-w orkers [7] on the resolution and reconstitution  
of the PSII core com plex have indicated that PsbL  
and a 4.1 kD a protein m ay play a regulatory role 
in the coordination o f the prim ary electron accep­
tor, Q a .

In chloroplasts o f green plants [4], cyanelles of  
Cyanophora paradoxa [8] and cyanobacteria [9], 
the psbL gene is a m em ber o f a psbEFLJ  operon. 
A m ong these, the psbE  and the psbF genes encode 
the a  (9 kD a) and the ß (5 kD a) subunit proteins 
o f cytochrom e b 559 respectively, whereas the psbJ 
gene encodes a 4 kD a protein o f PSII [10]. Inter­
estingly, the translational initiation codon o f the 
psbL gene in tob acco  and spinach is A C G  which is 
edited at the m R N A  level to A U G , the norm al ini­
tiation codon [11]. In m ost organism s these four 
genes are usually cotranscribed. How ever, in the 
green alga, Chlamydomonas reinhardtii, the psbE

This work has been digitalized and published in 2013 by Verlag Zeitschrift 
für Naturforschung in cooperation with the Max Planck Society for the 
Advancement of Science under a Creative Commons Attribution-NoDerivs 
3.0 Germany License.

On 01.01.2015 it is planned to change the License Conditions (the removal 
of the Creative Commons License condition “no derivative works”). This is 
to allow reuse in the area of future scientific usage.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift für Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Förderung der
Wissenschaften e.V. digitalisiert und unter folgender Lizenz veröffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland
Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der 
Creative Commons Lizenzbedingung „Keine Bearbeitung“) beabsichtigt, 
um eine Nachnutzung auch im Rahmen zukünftiger wissenschaftlicher 
Nutzungsformen zu ermöglichen.



268 P. R. Anbudurai and H. B. Pakrasi • Deletion Mutagenesis of the psbL  Gene

gene is not located in the physical proxim ity o f the 
psbF and the psbL genes [12].

W e are using targeted mutagenesis techniques to  
understand the functional roles o f the products of 
each o f the four genes in the psbEFLJ  gene cluster 
in the unicellular cyanobacterium  Synechocystis 
sp. P C C  6803 (hereafter called Synechocystis 6803) 
[13, 14]. In previous studies we have established 
that the products o f the psbE, the psbF and the 
psbJ genes have structural as well as functional 
roles in the PSII com plex [10, 13, 14]. The goal of 
the present study is to  understand the role o f the 
PsbL protein in PSII. F o r  this purpose we have 
created a psbL  deletion m utant, T 345 , which is un­
able to form  functional PSII centers. H ow ever, D 1 
and D 2, the two reaction center proteins accu m u ­
late in significant am ounts in the thylakoid m em ­
branes o f this m utant strain.

M aterials and Methods

Growth o f cultures

The wild type strain o f Synechocystis 6803 and  
the psbL m utant T 345  were grown in BG  11 medi­
um [15] which was supplemented with 5 mM  glu­
cose, when indicated. The medium used for T 345  
was also supplemented with 5 |!g/ml spectinom y- 
cin (Sp). Cultures were grown under 60 |iE m~2 s " 1 
o f fluorescent light, with vigorous bubbling with 
room  air. G row th o f cyanobacterial strains was 
m onitored by the m easurem ent o f scattering at 
730 nm on a D W 2 0 0 0  spectrophotom eter (S L M - 
Am inco Instrum ents, U rb an a, IL ).

Construction o f T 345, the psbL deletion strain

Site directed m utagenesis o f the psbL gene was 
performed according to a previously published 
procedure [13]. A n oligonucleotide prim er 5'- 
C G CT A G G  A G T T T T T  C TT T T  A A T  A C G C  A A T T  - 
3' (30-m er) was synthesized to span the regions im­
mediately 5' and 3' to the coding region o f the gene 
(Fig. 1). This prim er was used to create a deletion  
of the psbL coding region. A  spectinom ycin-resist- 
ance (Spr) cartridge was inserted into the Nhe I site 
downstream  o f the psbEFLJ  gene cluster as de­
scribed previously [14]. The resulting plasmid, 
p S L 345 , was transform ed into Synechocystis 6803  
strain T 1 2 9 7 , which lacks the entire psbEFLJ re­
gion [16]. The resultant Spr transform ant was de­

signated T 345. The presence o f the psbL deletion  
m utation in these m utant cells was verified by 
polymerase chain reaction (P C R ) mediated am pli­
fication as described elsewhere [13, 14]. The P C R  
reaction was carried out for 35 cycles o f incubation  
at 95 °C for 1 min, 60 °C for 1 min and 72 °C  for
2 min on a Perkin-Elm er/Cetus D N A  therm al 
cycler instrument.

Absorption andfluorescence spectral analysis

Absorption spectra o f intact cyanobacterial cells 
were recorded at room  tem perature in the split- 
beam mode on a D W 2 0 0 0  spectrophotom eter 
with a 2 nm slit width. Fluorescence emission spec­
tra at 77 K  were obtained on a homebuilt spectro- 
fluorom eter consisting o f an IN S T A S P E C  I diode- 
array (1024  detector elements) detection system  
(Oriel C orpn.) with a 1 nm slit width. E xcitation  o f  
the samples was with a broad beam  light filtered 
through a Corning CS 4 -96  filter. The spectra are  
presented with correction for the instrum ent re­
sponse. The software in the IN S T A S P E C  package  
was used to obtain the derivative spectra shown in 
Fig. 6 B  and 6 C . W e used the K aleidagraph p ro ­
gram (Abelbeck Softw are) on a M acin tosh  com ­
puter to normalize the spectral data.

The ratios o f chlorophyll to  phycobilin pig­
ments in intact wild type and T 345 cells were deter­
mined according to [17].

Protein analysis and immunoblotting

Thylakoid membranes from  wild type and v ar­
ious m utant strains were isolated as described else­
where [18]. C oncentrations o f chlorophyll were 
measured in m ethanolic solutions [19]. F o r  each  
lane, 2.5 ng chlorophyll-containing sample was 
prepared and subjected to S D S -P A G E  on 16%  
acrylamide gels as described elsewhere [18]. F ra c ­
tionated proteins were transferred to 0 .2  jxm n itro­
cellulose filters (Schleicher and Schuell) using a 
semi-dry blotting apparatus (B IO -R A D ) for 2 h at 
10 V. Rabbit polyclonal antibodies raised against 
the D 1 and the D 2 proteins o f PSII were kind gifts 
from Drs. M . Ikeuchi and Y . Inoue. Im m unode­
tection was carried out according to a procedure  
described previously [14]. The secondary antibod­
ies were alkaline phosphatase-conjugated goat 
anti-rabbit IgG (Sigm a Im m unochem icals).
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Measurements of electron transfer and herbicide 
binding activities

A  C lark type oxygen electrode was used to  
m easure the rates o f light-induced oxygen evolu­
tion from  intact cyanobacterial cells as described  
in [10]. W hole chain electron transport was m eas­
ured in the BG 11 medium. Rates specific for PSII 
were determined using 0.25 m M  2,6-dichloro- 
/j-benzoquinone (D C B Q ) and 1 m M  K 3F e(C N )6 
(F e C N ) as electron acceptors. F o r  PSI-m ediated  
oxygen uptake rates, 1 m M  2,3,5,6-tetram ethyl- 
/»-phenylenediamine (D A D ) and 1 m M  sodium as- 
corb ate  (A sc) were added as electron donors and  
1 m M  methyl viologen (M V ) was added as an elec­
tron  acceptor.

T o  estimate the concentration o f PSII (on a 
chlorophyll basis) in whole cells, we measured the 
binding o f [14C]diuron as described elsewhere [10].

Results

psbL gene in Synechocystis 6803

In Synechocystis 6803 as well as in green plants 
and cyanelles, psbL is the third gene in the psb- 
E F L J  gene cluster. A fter the discovery o f its pres­
ence downstream  o f the psbF gene, this gene was 
called psbl[8, 20] and later renamed as psbL [3, 4], 
In Fig. 1, we present the sequence o f an 180 nu­

cleotides region o f this gene cluster from  Synecho­
cystis 6803 . This sequence corresponds to nucleo­
tides 521 to  700 o f that in Fig. 1 o f [13, Genebank  
accession M 33 897]. The translational start codon  
o f the coding region o f the psbL gene is preced­
ed by a pentanucleotide polypurine sequence 
(A G G A G ) that m ay function as a ribosom e bind­
ing site according to Shine and D algarno [21]. Also  
shown in this sequence is the translational stop  
codon (nucleotides - 1 2  to - 1 0 )  o f the psbF gene 
and the beginning o f the translational start codon  
(nucleotide 153) o f the psbJ  gene. The PsbL protein  
is predicted to have 39 am ino acids and a m olecu­
lar mass o f 4 ,473  D a. Analysis o f the N-term inal 
amino acid sequence o f this protein from  Synecho­
cystis 6803 indicated that the initiating M et resi­
due is retained in the m ature protein (Ikeuchi, 
Pakrasi and Inoue, unpublished). A similar finding 
has also been reported for Synechococcus vulcanus, 
another cyanobacterium  [5]. In con trast, the ini­
tiating M et residue is cleaved off from  the m ature 
PsbL protein in wheat and spinach [4], Fig. 2 
shows a com parison o f the predicted sequences of  
the PsbL protein from  Synechocystis 6803, two 
higher plants and Chlamydomonas, an eukaryotic 
green alga. The high degree o f similarity between 
these sequences indicate that this protein has been 
evolutionarily conserved. H ydropathy analysis

-20  1 20
AATTTATTCA ACGCTAGGAG TTTTTCATGG ACAGAAATTC AAACCCAAAC CGCCAACCGG

M D  R N S  N P N  R Q P V
1 10

H0 60 80
TGGAATTGAA CCGCACTTCT TTATACCTGG GTCTATTGTT GGTGGCTGTG TTGGGGATTT

E L N  R T S  L Y L G  L L L  V A V L G I L
20 30

100 120 140
TGTTCTCCAG CTATTTCTTT AACTAAACTT TTTTAATACG CAATTTAGGA GGCATGGTAT 

F S S Y F F N STOP 

39

Fig. 1. Nucleotide sequence of the 
psbL gene. The deduced amino acid 
sequence of the PsbL protein is 
shown below the nucleotide se­
quence. The top line indicates the 
nucleotide number and the fourth 
line shows the amino acid residue 
number. A possible ribosome bind­
ing site is underlined. In the mutant 
T345, nucleotides 1 through 124 
were deleted (see text for more de­
tails).

S y n e c h o c y s t  is  6803 ------- MDRNSNPNRQ P

Tobacco ------- TQ- E N

Rice ------- TQ- E N

ChIamydomonas MFKNFF A -P K V

Fig. 2. Comparison of the amino acid sequence of the PsbL protein from Synechocystis 6803 (this study), tobacco [6], 
rice [32], and Chlamydomonas reinhardtii [12], Dashes indicate gaps for optimal alignment of the protein sequences. 
The underlined sequence corresponds to a hydrophobic domain and represents a putative membrane spanning 
a-helical region. The numbers within parenthesis indicate the number of amino acid residues in the PsbL proteins.

IF

I F
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A V 
A V 
A V

(39)

(38)

(38)

(44)
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[22] indicated that the underlined sequence in the 
C-term inal half o f this polypeptide represents a 
putative m em brane spanning a-helical dom ain. In 
Synechocystis 6803 , the N -term inal hydrophilic 
dom ain (residues 1 to 16) o f the P sbL  protein co n ­
tains three positively charged A rg residues. A c­
cording to the “positive-inside” rule o f von Heijne
[23], the N-term inus o f this protein is thus exp ect­
ed to be exposed in the strom a. The N -term inal 
Thr residue in the PsbL protein in the wheat PSII 
com plex has been postulated to be phosphorylated
[3], This Thr residue is missing from  both the 
Synechocystis and Chlamydomonas sequences, im ­
plying that the PsbL proteins in these organism s 
are not phosphorylated.

Photoautotrophic competence of T345, the psbL 
deletion mutant

As described in the M aterials and M ethods sec­
tion, the coding region o f the psbL gene was delet­
ed from the chrom osom e o f Synechocystis 6803 to  
create a m utant T 345 . In order to  confirm  that this 
m utant strain had the desired deletion m utation, 
we performed P C R  amplification o f the ch ro m o ­
somal D N A  from  wild type and m utant cells. W e 
expected a reduction in the size o f the P C R  p rod ­
uct from  786 bp in the wild type cells to  662 bp in 
the m utant cells. As shown in Fig. 3, the P C R  
product from the wild type D N A  was ~  800 bp 
whereas that from  the T 345 D N A  was ~  650 bp. 
These results indicated that the psbL gene has been 
deleted from the chrom osom e o f the T 345  cells. As  
shown in Fig. 4, the m utant cells were unable to

2036 b p- 
1635 b p-

1018 b p- 

516 bp—

Fig. 3. Fractionation of double stranded D NA mole­
cules that are amplified products of polymerase chain 
reactions on chromosomal DNA from wild type (W T  
lane) and T345 (T345 lane) cells, on an 1% agarose gel. 
MWS — molecular weight standards (Bethesda Re­
search Labs.).

HOURS OF GROWTH

Fig. 4. Growth of wild type and T345 cells in liquid 
BG 11 medium. Growth rates were estimated by measur­
ing OD at 730 nm and plotting on a semilogarithmic 
scale. The growth medium for the T345 mutant was sup­
plemented with Sp at 5 (J.g/ml. The different growth 
curves correspond to: (open triangle) wild type cells in 
BG 11; (solid triangle) wild type cells in BG 1 1 + 5  m M  
glucose; (open square) T345 cells in B G 11; and (solid 
square) T345 cells in BG 1 1 + 5  mM glucose.

grow in BG  11 medium without any added glu­
cose. Interestingly, the T 345 cells grew significant­
ly slower than the wild type cells even in the pres­
ence o f glucose in the growth media. Since these 
cells were grown in the presence o f light (photo- 
heterotrophic grow th), these data m ay indicate 
that the growth light m ay have a dam aging pho- 
toinhibitory effect on the T345 cells. The absence 
of photoautotrop h ic growth suggested that the 
T 345 m utant cells did not have any functional 
PSII com plex.

Pigment composition and photosynthetic electron 
transfer activities

Fig. 5 shows the room  tem perature absorption  
spectra o f wild type and m utant cells. The relative 
amplitude o f the 620  nm peak from phycobilins 
with respect to the 680  nm peak from chlorophylls 
was significantly higher in the T 345 cells com pared  
to that in the wild type cells. On an equal cell basis, 
the m utant strain had 20%  less phycobilins and 
4 8 %  less chlorophylls as com pared to the wild 
type strain. Consequently, the ratio o f chlorophyll 
to phycobilins was decreased by 33%  in the mu­
tant cells (Table I).
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WAVELENGTH (nm)

Fig. 5. Room temperature absorption spectra of intact 
wild type (W T) and T345 cells. The samples were adjust­
ed for equal scattering at 730 nm and then offset for the 
ease of viewing.

Table I. Pigment composition, photosynthetic electron 
transfer rates and herbicide-binding activity of wild type 
and T345 strains.

Wild type T345

Chlorophyll/phycobilin (w/w) 0.15 0.10

Electron transport rates 
(j^rnol O, mg Chi-1 h~')*

H ,0  to D CBQ /FeCN  (PSII) 402 0
DAD /Asc to MV (PSI) - 3 2 8 - 3 4 2
H 20  to C 0 2 (whole chain) 182 0

Herbicide binding
Chl/binding site 922 n.b.+
Kd (n M ) 19.8 n.b.+

* Polarographically determined. Negative numbers in­
dicate 0 2 uptake.
Asc, sodium ascorbate; Chi, chlorophyll; DAD, 
2,3,5,6-tetramethyl-/>-phenylenediamine; DCBQ, 2,6- 
dichloro-/?-benzoquinone; FeC N , K 3Fe(C N )6; and 
MV, methyl viologen.

+ n.b. -  no detectable [l4C]diuron binding.

T o examine the effect o f the deletion m utation  
on photosynthetic activities, we used artificial elec­
tron donors and acceptors to measure PSII- as well 
as PSI-mediated electron transfer rates in intact 
wild type and T 345 cells. As shown in Table I, 
there was no detectable PSII-m ediated as well as 
whole chain electron transport activity in the m u­
tant cells. In contrast, the PSI activity in the T 345

cells was norm al. These results dem onstrate that 
the psbL deletion m utation resulted in the specific 
inhibition o f PSII activity. In addition, the m utant 
cells were unable to bind [14C]diuron (Table I), 
again indicating that functional PSII centers were 
absent in the T 345  cells.

Fluorescence emission spectra

Fig. 6 A  shows the fluorescence emission spectra 
o f wild type and T 345 cells frozen at 77 K. U pon  
excitation with a broad band light absorbed by 
both phycobilins and chlorophylls, four peaks, 
F  665 , F  685, F  695 and F 7 2 0  were observed in the 
fluorescence emission spectrum o f wild type cells 
(Fig . 6 A ) as well as in its first order derivative 
spectrum  (Fig . 6 B). A m ong these, F  685 and F  695  
originate from  PSII, F 6 6 5  originate from phyco­
bilisomes and F 7 2 0  originate from PSI [24]. As 
shown in Fig. 6 A  and 6 C , the T 345 m utant cells 
lacked in the F  695 peak. The origin o f F  695 has 
previously been identified as the C P 47 protein  
[25]. How ever, a num ber o f m utants o f Synecho­
cystis 6803 that do not exhibit the F  695 emission 
have been found to have significant am ounts of  
the C P 4 7  apoprotein [13, 26]. The exact reason for 
the loss o f this fluorescence peak from these m u­
tants is currently unknown.

WAVELENGTH, X (nm)

Fig. 6 A. 77 K fluorescence emission spectra of intact 
wild type (W T) and T345 cells at 5 ng chlorophyll/ml. 
The spectra were offset for the ease of viewing. Further 
details are given in the text.
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WAVELENGTH, Jt(nm)

Fig. 6 B and C. Derivative spectra obtained upon differ­
entiation of the data presented in Fig. 6 A. The differen­
tiating intervals were 15 nm.

Immunostaining of thylakoid proteins

Previous studies have indicated that various ta r­
geted m utations in the psbE and the psbF genes af­
fect the steady-state levels o f other PSII proteins 
[9, 18]. In particular, T 1297 , a psbEFLJ deletion  
m utant, had significant am ounts o f D 1 but no de­
tectable steady state am ount o f the D 2  protein
[18]. As shown in Fig. 7, the T 345 m utant cells had 
significant am ounts o f the D 1 and the D 2  proteins 
in its thylakoid mem brane. However, on an equal 
chlorophyll basis, the levels o f both o f these p ro­
teins were significantly reduced in the m utant cells 
as com pared to the wild type cells.

1 2  3 4

Fig. 7. Immunoblot analysis of membrane proteins. Du­
plicate samples of thylakoid proteins from T345 (lanes 1 
and 3) and wild type (lanes 2 and 4) cells were fractionat­
ed on denaturing SD S-PAG E, transferred to a nitrocel­
lulose filter and immunostained with rabbit antibodies 
raised against the D 1 (lanes 1 and 2) and the D 2 (lanes 3 
and 4) proteins, respectively. Further details are given in 
the text.

Discussion

The PSII com plex in the thylakoid membranes 
o f oxygenic photosynthetic organisms contains at 
least ten different small ( <  10 kDa) polypeptide 
com ponents [2], F o u r o f these small proteins are 
encoded by the members o f the psbEFLJ gene clus­
ter. Previously we have shown that the a and the ß 
subunits o f the cyt b 559 protein, encoded by the 
psbE and the psbF  genes respectively, are essential 
for the stable assembly o f the PSII reaction center 
[13, 18]. Recently we have also demonstrated that 
the product o f the psbJ gene, a 4  kDa polypeptide, 
regulates the steady-state level of functionally 
com petent PSII centers [10]. Other studies using 
site-directed mutagenesis have shown that PSII 
com plexes formed in the absence of the psbH  pro­
tein (10 kD a) show increased vulnerability to high 
light [27] whereas in the absence of the 3.9 kDa 
PsbK  protein, PSII centers with near norm al activ­
ity are formed [28]. In the present study, we have 
used a targeted mutagenesis approach to examine 
the role o f the 4 .5  kD a PsbL protein in Synecho- 
cystis 6803.

Our analysis o f the psbL deletion m utant T 345  
shows that the PsbL protein is necessary for the 
form ation o f catalytically active PSII centers. The 
m utant T 345 cells were incapable o f PSII-m ediat- 
ed oxygen evolution (Table I) and as a conse­
quence could not grow under photoautotrophic 
conditions (F ig . 4). In addition, the m utation led 
to significant alterations in the pigment com posi­
tion o f the thylakoid membranes. Fluorescence  
emission spectra (77 K ) showed that F 6 9 5 , a spe­
cific fluorescence emission peak originating from  
the PSII com plex was missing from the m utant 
cells. These d ata can be easily explained if the reac­
tion center o f PSII could not form in the T 345 mu­
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tant cells; since we have earlier shown that D 2 , a 
mem ber o f the heterodim eric reaction center of 
PSII, is missing from T 1297 , a deletion m utant 
from which the entire psbEFLJ gene cluster has 
been deleted [18]. C ontrary to this possibility, we 
found that both the D 1 and the D 2 proteins accu ­
mulate to > 2 5 %  o f their wild type levels in the 
psbL deletion m utant strain (Fig. 7). A t present, 
we do not know whether these two proteins form a 
heterodim er in the mem branes o f T 345 cells and 
coordinate the P 6 8 0  reaction center. Interestingly, 
inactivation of the psbC gene, encoding the C P 43 
apoprotein in Synechocystis 6803, results in the 
form ation o f PSII reaction centers at a level 10%  
o f that in wild type cells [29, 30], The phenotypes 
o f the T 345 mutant and C P43-less m utants are 
very similar. The C P43-less m utant cells lack in 
their abilities to mediate light-induced w ater oxi­
dation. M oreover, like the T 345 m utant cells, they 
do not bind radioactive herbicides [31]. How ever, 
isolated reaction centers from  C P43-less m utants  
have a norm al complement o f P 680 as well as the 
acceptors pheophytin and Q A [30],

Recently it has been shown that PSII core prep­
arations from spinach thylakoids depleted o f sev­
eral small proteins are unable to retain photore- 
ducible Q A [7]. In addition, the presence o f PsbL  
and another 4.1 kD a protein has been shown to be
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