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Specific release of a 9-kDa extrinsic polypeptide of photosystem I from
spinach chloroplasts by salt washing
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The newly reported 9-kDa palypeptide in phatosystem | [(1991) FERS Leu, 280, 332-334] ix an extrinsic component tocuted on the lumenal side
of the taylukoid membrane, This subunit cun & :olubilized with high suit bulTer and does not Bind any cofuctors. The photosysiem I electzon
teansfer ehain remains intaet and Funetiona! in the absenee of this camponent as characterized by the photorcdustion of NADP",

Photasyitem I; Extrinsie subunit; NADP® reduction; Spinach

I. INTRODUCTION

Phatosystern [ (PSI) is a multissubunit membrane
complex that catalyzes the electron transfer from re-
duced plastoeyanin to ferredoxin, which in conjunction
with FNR, reduces WADP*. Apart from the light-har-
vesting portion, LHCI, the PSI complex isolated from
higher plants consists of at least {3 subunits with molee-
ular weight ranging from 80 kDa to 4 kDa [1,2). Except
for the recently described 9-kDa subunit. all the sub-
units huave their complete amino acid sequences, de-
duced from their DNA sequence data, and the subunits
ure commonly designated after corresponding genes as
PSl-A through PSI-L [1.3]). The two largest subunits.
PSI1-A and PSI-B, bind chlorophyll and several of the
primary &leciron carriers. PSI-C binds the two iron~
sulfur centers, F, and F,, which scrve as secondary
electron acceptors (4], The PSI-D and PSI-E are located
on the stromnal side of the membrane and are involved
in binding ferredoxin as well as providing a shield to the
PSI-C subunit {5-7]. PSI-F is located on the lumenal
side of the membrane and is involved in binding of
plastocyanin to PSI [8]. The function of the rest of the
components in PSI remains to be clarified,

In this work, we report a simple procedure to remove
specifically the 9-kDa subunit of PSI (this subunit is
actually 12 kDain the gel system we used), while leaving
the rest of the complex intact. This procedure facilitated
the study of structural and functional roles of this 9-
kDa polypeptide. As discussed, this component is lo-

Abbreviations: DCIP, 2,6«dichlaropheno) indophencl; FNR, ferre-
doxinsNADP" oxidoreduciase; PSI, photosysiem 1.
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cuted on the lumenal side of the thylakoid membrane,
und its removal does not cause a significunt change in

the PSI electron transfer process from plastocyanin to
NADP" in vitro.

2. MATERIALS AND METHODS

a.1. holatian of phatesysici [ cansplex

£51.200 complex wis prapared from greendhouse spinach leaves
(Spinaviv sferacea) as previously described [9). Bxeessive ameunts of
sucrose were removed by filicution with & Y M- 100 membrane, PSI-
enriched stromal lamellae were prepured ux in [10].

2.2 SDS-PAGE wmd hlatting Jor sequencing

Polypeptide subunits were analyzed by SDS-PAGE with a Tris-
tricine buffer system [11] with some meadifications. The resalving ge!
consxisted of 2 1 cm spaceraf [0% T/3% C und u linear gradient of 10%
Tid% C-12% T/6% C. where T is the towl of nerylumide and bis-
ucrylumide und C is the ratie of bissaerylumide (o ucrylamide. Follaw-
ing electrophoresis. the gel was gither stained for proteins or 1rang-
ferred onto PYDF membranes for N-terminal amina ueid sequencing,
which was done in the Department of Chemistry at the Arizona State
University ut Tempe.

2.3, Dewerminutien of [Chi). [BPT0O) and F/F,

Chiorophyll concentrutions were determined in 80% acetone {12],
The content of P700 was eslimated photochemicully ut 435-444 nm
with o different extinction coefficient of 44 mM™hem™ [13). EPR
medsuremaents were carried oul dx in [14] exeept that isolated PSI-200
complex wilk used instead of whale thylakoids,

2.4, Oy uptake and NADD® pliotoreductian assays

0, uplake was meusured with a Rankstype electrode [n a medium
consisting of S0 mM Tris Cl, pH 8.0, 0.3 M sucrose, 10 mM NaCl,
3 mM sedium aseerbate, 8.1 mM DCIP and | M meihyl viologen
[14]. NADP" phatoreduetion netivities were meusured in an SLM-
Aminco DW-2000 spectrophatameter eperating in split bsam mode.
Saturating actinic side-illumination was provided with the 150-W
tungsten lamp and filiered with a combination of Corning 4-96 and
i glass filier. The photomultiplier tube was protecied {rom excessive
ridiation with an interference filter having a narrow transmitting band
centered at 340 nm. The reaction mixture (1 mi) eantained § g chlo-
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raphyll of PS1-200, § mM asgorbate, 30 pg plasiacyanin, 20 g FNR,
10 pp ferredoxin und 0.1 mM NADP*, An extinetian coefficient of
6.22 mM™em™ was used for culcululion of he reduction rule of
NADP". Both ussys were conducted at raom lemparalure,

3. RESULTS AND DISCUSSION

High salt treatment of biologicul membrunes is fre-
quently used for the release of electrostatically bound
components, like many peripheral polypeptides. Vari-
ous amounts of' 2 M NaCl or CaCl, in Tris buffer. pH
8.0, were added to the isoluted PSI-200 complex to
make the final concentration of chlorophyll to be about
0.25 mg:ml™'. After incubation on ice for 45 min, the
PSI complex was pelleted at 100,000xg to separate the
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Fig. 1, SDS-PAGE of PSI-200 complexss subjected to high-salt wash-
ing. Sumples loaded are: (A) lanes 1, 3. 5 and 7 are PS1.200 complexes
treated with 0,1, 0.2, 0.5 and 1.0 M WaCl and lunes 2, 4, 6 and 8§ are
corresponding NaCl-solubilized pertions. Lanes 9 and 11 are PSI-200
complexes lreuted with €08 and 0.1 M CaCl, with solubilized portions
in lanes 10 and 12, respestively; (B} lane 1, PSI-100 core complex
depleted of light harvesting components: lane 2, urea-ireated PSI-200
somplex depleted of all extrinsic polypeptides: lane 3. conirol P51-200
somples: lanes 4-7. 51-200 complexes trented with 0.4, 0.6, 0.8 and
1.0 M CaCl. und fanes 8-11 arc corresponding CaClysselubilized pors
tions. In both (A} and (B}, lanes labelled *8' ure moleculur-weigl
markers as indicated 1o the right side of the gel and 10 the lelt.
identifiuble components are also indicated,
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Fig. 2. SDS.PAGE of PSl.enriched stromal lamcilac subjested to
CuCly-wushing. Line | is the untreated stromal lamellae as contral;
fane 2 is 0.4 M CuClytreated siromil lumellae and lane 3 is the
solubilized porton. Lune 4 is the sume a3 in lune 2 bul treated again
with 0.4 CuCl, together with brief serication Lo disrup! the thylakoid
membrane. and lane 5 is the solubilized portisn.

sult-solubilized portion from the main complex and
both the supernatunt solution and the complex were
analyzed by SDS-PAGE. As shown in Fig. 1. such a
salt-wushing treatment induces the specific release of a
polypeptide of apparent molecular weight of 12 kDa in
our gel system.

Concentrations of CaCl, and NaCl required for efTec.
tive removal are 0.4 M and 1.0 M, respectively. Some-
times, especially when spinach leaves harvested in the
winter were used as the starting material, an 18-kDa
component was also released in additien to the above
described 12-kDa subunit, Both polypeptides were sub-
jected to N-terminal amine acid sequencing analysis
and the results are:

12 kDa GVIDE YLEKS KANKE ... ..
18 kDa LSGGL PGTEN SDQAR ... ..

The 12-kDa polypeptide is identical to the 9-kDa one
previously found beth in spinach and pea [2] and the
difference in molecular weights between our subunit
and that in the previous report is due to the different gel
systemn we used. For simplicity and consistancy, we will
designate this polypeplide as 9-kDa hereafter. The 15
amino acid residues at the M-terminal of the 18-kDa is
identical to that of the 18-kDa extrinsic polypeptide in
the oxygen-evolving photosystem 11 (PS11) complex [15]
but starting from the ! 3th residue of the mature protein.
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Presumably. & short ssquence of 12 umino ucid residues
at the Neterminal. missing from the subunit found in
our PSI complex. causes the loss of specificity in binding
site in P8I, us suggested praviously [16].

As an analogy te the interaction of extrinsic 18-kDa
component, which could be casily removed by salt
washing. with the main intrinsic portion of the PSIl
comiplex [17]. we concluded the 9-kDa polypeptide is
also un extrinsic component and interacts with PSI core
primarily via electrostatic attraction. The question re-
tnained, however, as to which side of the thylakoid
membrane the 9-kDa subunit of P8I is logated.

To address this question, we carried out CaCl, wash-
ing of a PSI-enriched stromal lamellae preparation, that
is capable of AT synthesis [10]. As shown by lune 3 of
the gel in Fig. 2, washing the intact prepuration with
CaCl. releases o number of components which are
mainly associated with the extrinsic portion of the cou-
pling lactor, CF,. However, if the preparution is sub-
Jjected to a briel sonicution to disrupt the vesicles, then
subsequent CaCly washing causes the dissociution of an
additional 12-kDu polypeptide, which was again identi-
fied as the same 2-kDa subunit by amino acid sequenc-
ing. From this, we can conclude that the 9-kDu PSI
subunit is associuted with the lumenal surfuce of the
thylukeid membrane by electrostatic interaction, The
lumenal side location of this 9-kDu pelypeptide can also
expluin un earlier observation that this subunit is not
available for protease digestion if the thylukoid mem-
brane is intact [9].

This selective removal procedure should alse enable
us to determine the functiona! role of the 9-kDa pol-
ypeptide in PSI electron transfer reactions, Fiest of all,
the 9-kDu does not seem 10 bind any cofuctors as indi-
cated by its absorption spectrum (not shown). [ts direct
involvement as an electron carrier can be ruled out.
Secondly, removal of this 9-kDa polypeptide by CaCl,
washing does not effect the P700° photoaccumulation
in the presence of uscorbate, charge recombination rate
between P7007 and (FA/Fy)™ at room temperature, or
EPR profiles of the iron-sulfur centers ut cryogenic
temperature, Finally. the rates of oxygen uptake and
NADP" photoreduction with purified plastocyanin
added us electiron donor were not altered by CaCl.-
trcatment of the P81-200 complex. These results are
summarized in Table 1.

The above resulls raise quastions about the functional
role this 9-kDa polypeptide in PSI and raise the possi-
bility that this subunit may not be a true PSI subunit.
There are, however, other possibilities. Firstly, the 9-
kDa subunit may be a protease that processes transit
sequences of other nuclear-encoded subunits, directing
them to the lumenal side of the thylakeid membrane.
Secondly, the subunit may come into function when the
plant is growing in unpreferuble physiclogical condi-
tions. Thirdly, this subunit may function as a substitute
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Activity measurements (or eontrol and CuCly-teeuted PSI-200 com-
plexes, Both oxygen-uptake und NADP® redustion activities e ex.
pressed as ymol per mg of ebl per hour

Prepurutions [Chiy FulFy O uptuke NADD
(P70G]) reduction
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CuCly-treuted 234 1 00340 W0z
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for other polypeptides in the event of damage to the
complex. For the last possibility, it is particularly inter-
asting te note that a cyanobaeteriai mutant lacking the
gene psoF can still grow photoautotrophically [18].
However, the 9-kDa has only been reported in higher
plant species to date, These above poiuts will be clari-
fied in the future with a combinution of biochemical und
moleculuar biologicul tacls,
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