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Three synthetic oligopeptides were used for preparation of antibodies against the D-2 polypep
tide of thylakoid membranes. Their sequence was chosen from a model of the folding of the amino
acid sequence of the D-2 polypeptide subunit through the membrane that predicted these se
quences to be exposed at the membrane surface. For the Merrifield solid-phase method on a fully
automated synthesizer the N“-amino group was protected by a fluorenyl-9-methylcarbonyl group.
The oligopeptides were coupled to serum albumin by EDAC for immunizations in rabbits.
Antisera with high titer were obtained for the two oligopeptides that contained the amino acid
sequence of the D-2 protein from amino acid 230 to 235 and from 235 to 241. The antisera reacted
with the D-2 polypeptide, separated on SDS gel and agglutinated the thylakoid membrane.
It is known that certain photosystem II functions are impaired by short time trypsin treatment
of the membrane. The antisera were used to show that under these conditions the D-2 polypeptide
in the membrane is very sensitive. The trypsination yielded two cleavage products detected by the
two antisera, a 20 kDa fragment blotted by antiserum against amino acids 230 to 235 and a 10 kDa
fragment blotted by the antiserum against amino acids 235 to 241. As the polypeptide cleavage
occurs between the two epitopes, the trypsin cut is therefore at arginine 234. This supports the
prediction that the sequence containing this arginine is the most exposed part of the D-2 polypep
tide on the membrane (matrix) surface. It is proposed that the high sensitivity of the D-2 polypep
tide accounts for the known effect of membrane trypsination on QA accessibility in photo
system II.

Photosystem II of higher plants consists of six ma
jor integral polypeptide subunits of 47, 43, 34 (D-2),
32 (D -l) and 9 + 4 (cytochrome b 559) kDa molecular
weight (for review see [1]). Although a “diffuse
band” of a polypeptide called D-2 has been observed
early [2—4], its participation in photosystem II func
tion has only recently been considered (see [1]). Its
DNA sequence had been determined and the de
duced amino acid sequence showed high homology
to the 32 kDa D -l polypeptide subunit (QB or herbi
cide binding subunit) [5]. From the amino acid and
membrane folding homology of the D -l and D-2

polypeptides to the L and M subunits of the reaction
center of bacterial photosynthesis it has been postu
lated that D-2 is part of the reaction center of PS II
and carries the QA binding site [6—9]. Nevertheless,
direct evidence for a D-2 role in photosystem II is
scarce (see [10]). We have therefore prepared anti
bodies against synthetic oligopeptides as a tool for
detailed functional studies.

Materials and Methods
Oligopeptide synthesis
Amino acid derivatives were prepared at the
Hoechst laboratories. They met the necessary purity
standards. Reagents and solvents for syntheses and
analyses were purchased from Riedel de Haen,
Seelze, and E. Merck, Darmstadt, the p-alkoxybenzyl alcohol resin for solid-phase synthesis [1 1 ] from
Bachem, Bubendorf, Switzerland.

Abbreviations: Boc, ?-butyloxycarbonyl; BSA, bovine
serum albumine; Bu', f-butyl; DCC, dicyclohexyl carbodiimide; DCMU, dichlorophenyldimethylurea; DMAP,
4-dimethylamino pyridine; EDAC, l-ethyl-3-(-dimethylaminopropyl)carbodiimide; Fmoc, fluorenyl-9-methyloxycarbonyl; HOBt, 1-hydroxybenzotriazole; PMSF, phenylmethylsulfonylfluoride; QA, primary plastoquinone accep
tor of photosystem II.
1. Thin-layer chromatography
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plied. The solvent systems were methyl ethyl ketone/
At the end of the synthesis, the resin is additional
pyridine/water/acetic acid 70:15:15:2 (A), n- ly washed with r-butyl methyl ether and dried.
butanol/acetic acid/water 3:1:1 (B) and ^-butanol/
The peptide is cleaved from the resin by suspend
acetic acid/pyridine/water 4 : 1 : 1 :5 — upper phase ing it in a mixture of dimercaptoethane/kresol/methylene chloride (1:0, 5:12) and adding after 30 min.
(C).
the 3-fold amount of 95% trifluoroacetic acid for
2. High performance liquid chromatography (HPLC) 90 min. The resin is filtered off and washed twice
For preparative HPLC, LobarR “Fertigsäulen” C, with trifluoroacetic acid. The solvents are distilled
filled with LiChoprepR Si 60 (40—63 |im), E. Merck, off in vacuo. The product is in most cases insoluble in
ether. It is repeatedly treated with f-butyl methyl
Darmstadt, were used.
ether and dried in vacuo.
Further treatment depends on the properties of
3. Amino acid analyses
the thus isolated crude product. It is described below
After 24 h hydrolysis in 6 m HC1, at 120 °C, ana in detail.
lyses were carried out with an amino acid analyzer
Oligopeptide 1, corresponding to amino acids
LC 5001, Biotronik, Munich. The peptide content 230—235 of the D-2 polypeptide: H —A la —Asn —
was calculated from the amount of amino acids, re Thr—Phe—A rg—A la—OH.
lated to a defined amount of norleucine which was
added before hydrolysis.
Fmoc—A la-A sn -T h r(B u ')-P h e-A rg (M tr) —
A la—O —resin
4. Synthesis
The above described protocol is applied to 3.0 g
All of the oligopeptides were synthesized by the Fmoc—A la—O —resin (loading 0.3 mmol/g), adding
solid-phase method [12, 13]. Protected peptides were the Fmoc-amino acids successively. Yield: 3.8 g
prepared on a semi-automatic SP 640 synthesizer resin-bound protected peptide.
(Fa. Labortec, Bubendorf, Switzerland) which had
been remodeled into a fully automated synthesizer in Fmoc—A la -A sn -T h r-P h e -A rg (M tr)—A la—OH
the Hoechst laboratory, using a program written by
3.8 g of the resin, loaded with the protected pep
D. Langner on an Apple computer He.
The program was adapted to the Fmoc strategy tide, is treated as described above to cleave the
[14, 15]. Na-amino groups are protected by the base- Fmoc-peptide. Yield 900 mg. Tic in A and C shows
sensitive Fmoc residue, carboxyl and hydroxy groups two spots corresponding to the Fmoc-peptide with
in the side-chains are protected by B u\ amino groups partially deblocked arginine. Two additional minute
are blocked with Boc, the guanido group of arginine spots are visible.
Amino acid analysis: A sp(l) 1.01; T hr(l) 0.91;
with Mtr [16], a protecting group which is cleaved by
Ala(2)
2.00; Phe(l) 0.99; A rg(l) 0.99. Peptide con
90% trifluoro acetic acid under only slightly stronger
tent
92%.
conditions than f-butyl protecting groups.
The C-terminal amino acid was linked to the hy
droxyl group of the resin by the DCC/DMAP/HOBt Fmoc—A la -A s n -T h r-P h e -A rg -A la —OH
procedure [17].
860 mg Fmoc-peptide is reacted with 0.4 ml triA reaction cycle comprises cleavage of Fmoc by fluoromethane sulfonic acid in 1 0 ml trifluoroacetic
2 0 % piperidine in dimethylformamide, washing with
acid for 30 min at room temperature. Precipitation
dimethylformamide, reacting twice with a 2.5-fold of the product with 2 0 0 ml r-buthylmethyl ether
molar amount of the following Fmoc-amino acid, yields 1.1 g. Peptide content 6 8 %.
diisopropyl carbodiimide and 1 -hydroxy-benzotriazole each in dimethylformamide and washing with
dimethylformamide. The process is repeated. The H -A la -A s n —T h r-P h e- A r g - A la-O H
1.1 g crude Fmoc-peptide is reacted with 25 ml dicompleteness of the reaction can be followed by
means of the Kaiser test [18]. The program has to be methylformamide-diethylamine (4+ 1) for 2 0 min at
stopped for this purpose. The next cycle follows room temperature. The solvent is distilled off in
vacuo. The crude product is suspended twice in tautomatically.
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butylmethyl ether, isolated by centrifugation and
dried in vacuo. Yield 540 mg, peptide content 75%.
Amino acid analysis correct. Several minor im
purities are seen in tic (A, B, C).
500 mg were dissolved in 5 ml n-butanol/acetic
acid/water (3:1:1) and chromatographed over a col
umn Merck C silica gel in the same solvent. Fractions
of 17 ml each were collected according to tic; 253 mg
(34%) were obtained in pure form, 128 mg were
slightly contaminated. The pure compound was uni
form in tic (A, B, C).
Amino acid analysis: A sp(l) 1.03; T hr(l) 0.91,
Ala(2) 2.00; Phe(l) 1.01; A rg(l) 1.00. Peptide con
tent 91%.
Oligopeptide 2, corresponding to amino acids 235
to 241 of the D-2 polypeptide: H —A la—Phe—Asn —
Pro —Thr—Gin —A la—OH.
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H —Ile—A rg—A la—Gly—Trp—A la—A la—OH
Cleavage of the Fmoc-peptide from the resin,
further deblocking and chromatographic purification
as described for the before mentioned peptide.
Yield 180 mg, uniform in tic (A, B, C). Side-fractions contained 125 mg contaminated material.
Amino acid analysis: Gly(l) 1.00; Ala(3) 1.01;
Ile(l) 0.96; A rg(l) 0.98; Trp(l) 0.96 (determined by
UV absorption). Peptide content 90%.
Coupling of the oligopeptides to serum albumin
The coupling of the synthetic oligopeptides to
bovine serum albumin, essentially fatty acid free
(Sigma) was performed either by use of glutaraldehyde (25% aqueous solution; Sigma) according
to Strecken et al. [19] or by use of l-ethyl-3-(3dimethylaminopropyl)carbodiimide hydrochloride
(EDAC; Sigma) according to Goodfriend et al. [20].

Fmoc—A la—Phe—Asn—Pro—Thr(Bu‘) —Gin—A la—
O —resin
1. Glutaraldehyde coupling
3.0 g Fmoc—A la—O —resin (loading 0.2 mmol/g)
To a solution of 10 mg (0.15 nmol) bovine serum
is treated as described above, adding the Fmoc- albumin in 1 ml of 0 . 1 m sodium phosphate buffer
amino acids successively. Yield 3.5 g.
(pH 7.5) a 30-fold m excess of the oligopeptide dis
solved in 0.3 ml of the same medium was added.
After addition of 100 nl of a 21 mM aqueous solution
H —A la—Phe—Asn—Pro—Thr—G in—A la—OH
of glutaraldehyde the reaction mixture was stirred
Cleavage of the Fmoc-peptide from the resin for 10 min. After 10 and 20 min another 100 ^1 of
follows the general procedure. Treatment with a glutaraldehyde were added. The coupling reaction
stronger acid is not required since the peptide does was completed within 30 min, the conjugate lyophinot contain Arg(Mtr). Cleavage of Fmoc follows lized and redissolved in 1.3 ml of H 2 0 .
again the description given above. Excess piperidine
which is not eliminated by distillation is adsorbed at 2. EDAC coupling
the weakly acidic ion exchanger Amberlite IRC-50
To a solution of 10 mg (0.15 ^imol) of bovine
from aqueous solution. The freeze-dried peptide is
serum
albumin and 2 0 mg of the oligopeptide in
already uniform in tic (A, B, C). Yield 357 mg.
0.5
ml
H20
200 mg of EDAC in 0.25 ml H20 were
Amino acid analysis: A sp(l) 1.06; Thr(l) 0.94;
added.
After
30 min the reaction mixture was
Glu(l) 1.02; Pro(l) 1; Ala(2) 1.96; Phe(l) 1.00. Pep
dialyzed
against
H20 for 24 hs.
tide content 89%.
Oligopeptide 3, corresponding to amino acids 326
to 332 of the D-2 polypeptide: H —lie—A rg—A la— Preparation o f antisera
Gly—Trp—A la—A la—OH.
Rabbits were immunized according to the pub
lished schedule [2 1 ]; for the primary multisidal injec
tions 500 ^g BSA labeled with the respective
Fmoc—lie—Arg(Mtr) —A la—Gly—T rp—
oligopeptides, as a paste with Freunds compl. ad
A la -A la -O H
juvant were used, for the i.v. booster injections
3.0 g Fmoc—A la—O —resin (loading 0.3 mmol/g) another 500 ^g. Antisera were tested in ring tests
is treated according to the above described protocol, according to [21] and in western blots [22]. Spinach
adding the Fmoc-amino acids successively. Yield thylakoid membranes were dissolved in 3% LiDS +
3.65 g resin-bound protected peptide.
N aH C 0 3 + saccharose at room temperature, sepa-
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rated on polyacrylamide gel (11 —15%) at 4 °C for
16 h. The gels were blotted for 3 h and 0.6 Ä at
10 °C on nitrocellulose in 25 mM tris, 192 mM glycine
and 20% methanol. After saturation with 3%
gelatine in tris buffer pH 7.5 the first antibody was
allowed to react over night at room temperature in
1% gelatine. After washing in tris and 0.05% tween
2 0 the second antibody (horseradish peroxidase con
jugated) was allowed to react in 1 % gelatine for 1 h,
dilution 1:3000, and developed with HPR colour de
velopment and 0.005% H 2 0 2.
Thylakoid membrane preparation and photosynthetic
activity
Spinach thylakoids were prepared according to
standard methods [23] in 0.4 m NaCl and 20 m M tris
buffer pH 8.0 and chloroplasts broken in 20 m M tris
buffer pH 8.0 + 0.15 m NaCl. Their photosynthetic
activity (DCMU sensitive) was 380 (i atoms 0/mg
chlorophyll/h with methylviologen as acceptor.
For trypsination according to [24] spinach thy
lakoid membranes with 300 ^tg chlorophyll in 3 ml
were incubated with 100 pig trypsin (Boehringer) in
30 mM MES buffer pH 6.5 and 6 mM MgCl2 at room
temperature for the time indicated. The reaction was

stopped with 1.5 mg aprotinin (TrasylolR, Bayer)
and 2 mM PMSF. The photosynthetic activity after
two minutes trypsination (now DCMU insensitive)
was 300 n atoms 0/mg chlorophyll/h with ferricyanide
as acceptor.

Results
The three oligopeptide sequences, synthesized and
used for antibody preparation were chosen according
to the amino acid sequence of the D-2 polypeptide as derived from the DNA sequence of the chloro
plast coded gene [5, 26—28]. Our recent folding
model [9] of the D-2 subunit predicted sequences
exposed on either the matrix or lumen side of the
thylakoid membrane. According to this prediction
[9] the sequence of amino acids 230 to 245 is the most
exposed on the matrix side, as it is a sequence after
the transmembrane helix IV ending at amino acid
225 and before a parallel helix that starts at amino
acid 250. Two sequences for oligopeptide synthesis
were chosen on either side of arginine 234 - a possi
ble trypsin cut site. The third oligopeptide corre
sponds to a sequence from the carboxyl end that —
according to the prediction - should extend into the

Table I. Synopsis of antibodies against synthetic oligopeptides of partial sequences of the D-2 subunit of photosystem II.
1
2
3
oligopeptides
sequence of the
Ala2 o-Asn-Thr-Phe-Arg-Ala Ala235-Phe-A sn-Pro-Thr-G ln-A la241 Ile326-Arg-Ala-Gly-Trp-Ala-Alc
synthesized
oligopeptides
glutaraldehyde
glutaraldehyde EDAC
EDAC
glutaraldehyde EDAC
linking to BSA via
262
263
268
264 265
269
260 261
266 26
rabbit no.
+
+
+++
+++ +
+++ +
+
+
antibodies against
the carrier BSA
+
+
+
++
++ +
+ +
antibodies against
the oligopeptide
coupled to BSA
(ring test)
number of bands with 0
thylakoid polypeptides
after LiDS-PAGE and
western blot
1/4000
1/250 1/1000 titer in western blot
with the 32 kDa region
1/120
1/60
titer in agglutination
of suspension of isolated
thylakoid systems
3

235
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Fig. 1. Immune blot of thylakoid membrane polypeptides
separated on a LiDS gel with antisera against synthetic
oligopeptides.
Lane a: antiserum 1 against amino acids 230—235 of D-2
coupled to BSA by glutaraldehyde (rabbit 260); Lane b: as
a, but coupled with ED AC (rabbit 265); Lane c: antiserum 2
against amino acids 235—241 of D-2 coupled to BSA with
glutaraldehyde (rabbit 269); Lane d: as c, but coupled with
ED AC (rabbit 268); Lane e: antiserum 3 against amino
acids 326—332 of D-2 coupled to BSA with ED AC (rabbit
267); Lane f: as e, but rabbit 266; Lane g: antiserum against
the D-l polypeptide (prepared by U. Johanningmeier
against a fusion protein consisting of part of the D-l protein
(amino acids 167—353) and galactosidase expressed in
E. coli (rabbit 270); Lane h: coomassie blue stain of the
LiDS gel electrophoresis pattern of thylakoid membrane
polypeptides.

lumen space of the thylakoid membrane. All three
sequences end with an alanine at the C-terminal in
order to use the same Ala-O-resin for synthesis.
After synthesis the oligopeptides were coupled to
bovine serum albumine by either glutaraldehyde or
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ED AC. With each preparation thus obtained, one or
two rabbits were immunized (rabbits numbered 260
to 269). The sera obtained were tested in ring tests
[2 1 ] and western blots [2 2 ] against thylakoid mem
brane proteins after LiDS gel electrophoresis.
Table I and Fig. 1 show the specifity and titers of
the antisera obtained, i.e. the band(s) stained after
western blot of thylakoid membrane polypeptides.
No appreciable amount of antibodies against the
oligopeptides were formed in those rabbits im
munized with glutaraldehyde coupled probes. Posi
tive were, however, rabbits immunized with the
EDAC coupled probes. The titer of the antibody
serum against the oligopeptide 1 (amino acids
230—235) was strong in rabbit 265, showed a major
band against a polypeptide of the thylakoid protein
pattern in the region of 32 kDa and an additional
lower band (that disappears also in the trypsination
experiments — see below) (Fig. 1, lane b). The titer
of the antibody serum against oligopeptide 2 (amino
acids 235—241) was particularly strong in rabbit 268.
The band in the western blot was diffuse, but identi
cal to the major band stained with the antiserum
against oligopeptide 1 (Fig. 1, lane d). This band in
the western blot is poorly stained by coomassie blue
(Fig. 1). For comparison a blot with an antibody
against a part sequence of the D -l polypeptide is
included (Fig. 1, lane g).
The antibodies from rabbits 266 and 267 against
the third oligopeptide (amino acids 326—332) gave
an entirely different western blot pattern. There
were three major bands (Fig. 1, lane e and f), but no
band in the position where the D-2 polypeptide is to
be expected and where the antisera against the other
two oligopeptides reacted. The bands at low molecu
lar weight indicated a reaction of antibodies with
functionally unknown polypeptides of the thylakoid
membrane. These bands are also not identical to the
trypsin cleavage products of the D-2 polypeptide —
as discussed below. The blot pattern brought about
by the antisera with the polypeptides of an enriched
photosystem II preparation was the same as that with
thylakoid membrane polypeptides (and is therefore
not documented).
Antisera against oligopeptides 1 and 2 were tested
in precipitation test with the intact thylakoid mem
brane (Table II). Although the titers were not very
high, it was clear that serum 268 did agglutinate the
membrane (Table II). Therefore antibodies in this
serum reached the antigene. It indicates that the
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Table II. Agglutination of suspensions of isolated spinach
thylakoid membranes by antisera against synthetic oligo
peptides of partial sequences in the D-2 polypeptide.
Agglutination was performed by mixing 4 |^1 of serum with
10 nl of thylakoid suspension from spinach, 0.1 mg chl/ml,
and judging the reaction at 160 x in a microscope after
gently rotating the drop for 20 sec at room temperature.
- 0 denotes the preimmune sera, - 2 the antisera after the
boosterinjection; dilution was with 100
NaCl, 5
MgCU.
Agglutination was direct, i.e. no enhancing goat anti rabbit
gammaglobulin was added.
serum dilution 1:4
1:8
1:16 1:32 1:62
final dilution 1:15 1:30 1:60 1:120 1:240
serum
(rabbit no.)
+
264-0
+
264-2
+
+
265-0
+
++
++
265-2
+
+
268-0
++++ +++ ++
+
268-2
+
266-0
+
266-2
+
267-0
+
267-2
—
—
—
mM

mM

antigenic epitope of the D-2 polypeptide, i.e. amino
acids 235-241 is accessible from the matrix side.
This accessibility is also indicated by the high sen
sitivity of the D-2 polypeptide in thylakoid mem
brane vesicles to trypsin. As known, two minutes
trypsination at pH 6.5 inactivates the QB site of PS II
and exposes QA, but even ten minutes trypsination
do not inhibit either the primary photochemistry and
Qa reduction nor oxygen evolution [8 , 24, 25]. W est
ern blots with antisera against oligopeptides 1 and 2
revealed two bands after mild trypsination of the
membrane (Fig. 2). After two minutes trypsin treat
ment of the membrane a band at about 10 kDa is
observed when the antibody against the sequence
235 to 241 is used (Fig. 2, column 3). A double band
at about 20 kDa is observed in the same trypsinated
membrane preparation when the antibody against
the sequence 230—235 is used (Fig. 2, column 1).
Therefore trypsin cuts the D-2 polypeptide in the
membrane between the two epitopes, i.e. at arginine
234.

D-1
Murata 3 3 K D a
D -2
LHCP

2 0K D a

lOKDa

a

b

1

c

bed

Fig. 2. Immune blot of trypsinated thylakoid
membrane polypeptides separated on a LiDS gel
with site directed antisera to the D-2 polypep
tide.
Column 1: blot with antiserum 1 against amino
acids 230—235; Column 2: coomassie blue stain;
Column 3: blot with antiserum 2 against amino
acids 235 —241; Lane a: control thylakoid mem
brane; Lane b: 2 min trypsination of the mem
brane at pH 6.5 ; Lane c: 5 min trypsination:
Lane d: 10 min trypsination.
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Discussion
Although a second diffuse polypeptide band
among the thylakoid membrane proteins — in addi
tion to the D-l or Q Band herbicide binding protein —
is long known, a role for this D-2 polypeptide in
photosystem II has been proposed only recently
[6—10]. Following the DNA sequencing of the psbD
gene [5, 26—28] its striking amino acid homology to
the D -l polypeptide suggested it to carry also a plastoquinone binding site [5]. From the homology in the
hydropathy plots and of conserved amino acids in
homologous positions in the D-l/D-2 subunits of PS
II to that of the sequence of the L and M subunits of
the reaction center of purple bacteria, where a X-ray
structure is available for showing great details [29], it
has been proposed [6—9] that the D-l/D-2 subunits
carry the reaction center of photosystem II with the
D-2 subunit being the QA binding protein — con
tradicting the assignment of the reaction center of PS
II to the 47 kDa subunit (see [1]). A recent reaction
center preparation by Nanba and Satoh [10] supports
the new view. Antibodies against the D-2 subunit
should be very useful for establishing the role pro
posed.
We have chosen amino acid sequences for the pre
paration of site directed antisera from our folding pre
diction [9] that indicates areas of the polypeptide
exposed to either side of the membrane. We suc
ceeded with two antisera directed against sequences
on the matrix side. The antisera obtained react with
the same band on the LiDS gel of thylakoid mem
brane polypeptides. The position on the gel for the
D-2 polypeptide is in accordance with the literature
[2—4], i.e. a band below that of the D -l polypeptide
and the peripheral (Murata) 33 kDa polypeptide,
but above those of the light harvesting complex sub
units (in gels without urea). We failed so far to ob
tain a monospecific antiserum against the sequence
of the carboxyl end of the D-2 polypeptide.
The strong antibody against the oligopeptide se
quence of amino acids 235 to 241 of the D-2 protein
agglutinated the thylakoid membrane indicating ac
cessibility of the site from the matrix side. Also the
high trypsin sensitivity of the D-2 polypeptide — re
ported here for the first time — is in support of an
accessibility of this sequence of the D-2 polypeptide
as predicted [9] from its folding through the mem
brane. Already after two minutes trypsination of the
membrane two degradation products appear, as vis
ualized with the two antisera. The antiserum against
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the sequence 235 to 241 revealed a cleavage product
of about 10 kDa, the other against the sequence 231
to 235 one at about 20 kDa. The first indicates the
carboxyl end, the other the N-terminal end. The
trypsin cut is exactly between the two epitopes (Ala
235 in the first sequence is coupled to the BSA for
antibody preparation and therefore probably does
not contribute to the epitope). As the two synthetic
oligopeptides overlap, it follows that the trypsin cut
is precisely at arginine 234 — the amino acid the most
exposed to the matrix side [9]. 10 kDa is about the
size of the carboxyl end expected as of amino acids
235 to 355. The 20 kDa size is somewhat smaller than
expected for the N-terminus and therefore another
trypsin cut might be indicated.
This trypsin cut at arginine 234 is very similar to
the first cut of the D -l polypeptide by trypsin [30].
Indeed, there is an arginine at the expected
homologous position according to the folding predic
tion of D -l (see [5, 9]). As is long known, mild tryp
sination of the membrane does not disturb electron
flow from water to QA, but does inactivate the QB
and herbicide binding site [24, 25, 31 —33]. This had
been attributed to degradation of the D -l polypep
tide [24, 25, 32, 33]. However, the QA accessibility to
ferricyanide, also brought about by mild trypsination
[25], is explained more easily by the trypsin cut of the
D-2 polypeptide as reported here, as this polypeptide
is proposed to carry the QA site according to the
model [9].
According to the prediction the two D-l/D-2 poly
peptides carry the reaction center of PS II [6—10].
This activity is kept even after the trypsin cut of the
D-2 polypeptide at arginine 234. This indicates that
the cut as such does not yet disturb the conformation
of the polypeptide fragments in the membrane and
their proper function. Only after SDS solubilization
will the cleavage products separate. This is true also
for the obvious trypsin digestion of the 47 and
43 kDa polypeptides of PS II as well [8 ] (seen also in
Fig. 2). These functional considerations will be more
fully explored in a later paper.
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