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In an in vitfo tranlation cxperimont uang avinach chlomplasts o novel protein band of about 175 KD appeatad by hpht 1o dark transtion, The
proton oever svumulstod in dotetabie amounts cither in cantittusus diumisgtion or i continuass datkoea. The £7.4 6 0a protein accumutated
upoe lizht-dark teansition. ¢a the other hamd, dinappeared by the wtwequent illumination, Awumulation of the protein in tight, however, wan
obwcrved when stromsal kned of ATE in chioroplasts was lowered aller preillymination by the addition of various chemical compounds whigh,
tvespective uf the mode of adtion. oventually dercase the ATP kovel e g avrazine, carbony baoyanideachlorn sheny b hydrazone amd phwerate, The
dariaccumulatod protein was concluded to be @ transbation intcomediate oF DI peotein Bused on the Tacts that 1his component precipitales with
specific antidodics and o rosstant W hsylendopeptidaw treatment. The suppresston by choramphenod of both appeasance upon light -dark
sramition and drappearanes by ihe wubanguent itumisation of the protom aba supported this conctusion. The phonomenon was diwussed in terms
of pausing 0 1he Wanskation of bt mRNA

DI protcsn. Intac chioroplast, Lightacgabstal auathbess, Photosystem B psh 1 Pranslalion mtermedhate

L INTRODUCION

The DI protem s a subumt of photosystem 11 rei-
tion center {PSIE ROy {1). which. on the other hand. i»
known 10 be one of the most rapudiy metabolizing
proteins in illuminated chioroplasts 2] The rapid rate
of mectabolism s now beheved to represent  photo-
drgradation of the subunit as a result of functioning of
PSHt RC and Light-regulated de novo synthesis off the
protein, where 2 specific coupling between the degrada-
tron and the svithesis has been postulated to oxest {33

Chloroplasts have multiple copes of genomic PDNA
and contain the whole genetc information capression
svstem. oo DNA polvmerases BNA nolvmernines,
hasic mackanernw s for awmsauon and ceeutaters for var.
wus stages of gene expression {31 The gene for DI
protein, pshb4. is present on chloroplastic genome [6)
and the mRNA level is stable n the dark. Thus, the sie
of control by light of the expression of D1 prodein is not
just at the transcriptional but mainly at the translational
level [7]. A recent study demaonstrated that the light-
induced stromal level of ATP is one of the determimams
for the regulation in isolated chioroplasts under certain
circumstances {S].

On the other hand. carlier studies postulated discon-
tinuous ranslation of D1 protein since the translation
intermediates of 15-23 kDa were transientiy laveled in
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a pubse-chase experiment (91 Toeprint analysis in ordey
to determine the distribution of abosomes on po-
Ivsome-assoctined pobd mRNA also indicated that ni-
hosomes pause at discrete sites during translation of D
protein [10]. The significance of this phenomenon in
teanskatton regulatton was discussed in terms of co-
tactor association during synthesis of DU protem [10]
in the prosent study the accumulation of a novet pro-
tein band of about 17,5 kDa was detected upon light
dark transition m isolated chloroplasts, which pre-
sumiebly corresponds to a translation ntermediate of
D1 protein. The phenomenon has been analyzed in this
paper 1 serres Lo regularory mechanisms at the stage

of rras=larron in the e Tan GP DY el

2. MATERIALS AND METHODS

3V Transbonwn of DI protem in sesated chloroplusis

Intavt chloroplasts were solxted from fresh spinach leaves as de-
seribad in 1] The reaction mizewsc for transkation contained spinach
chloroplasty eguivalent to 300 gp Chlml 500 gCimi ' 1] "Sjme-
thisnine tea. 100 Cimmot ' ION Stomedical Inc.. Invine. CAL USA),
33 mAM sorbite! and SO mM Troone-KOH (pH 3.4). The ransistion
reaction was vonducted for deiinite Lme satervals at 23°C. aither in
the durk or in the light. An acunic light of the ntensity of S0 W m *
was provided by a slide progector equipped with a tuapsten halogen
Tamp (1000 W1 and UV- and heat-aimsorbing Bhers,

T By

In the protem analysis. radio-labeled chloroplasts were suspended
in 20 mM Tris- T (pH 7.3) with vortexing, and then the thylahowdal
Sractien Was vosodicd By micro-cempfupation and resuitant pelicts
vt soluteband v ample bulfer containing 125 mM Tris-HCT (pH
6.%). 3G (v vy 2-mercaptocthanol. 10w v ghveerol und 3% tw v
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SDS. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) wus con-
ducted as described by Luemmli [12],

After clectrophoretic separation, radiolabeled proteins were de-
tected cither by fiuorography or by nutorndiography using an imaging
analyzer (Type, BAS-2000; Fuji Film Co. Ltd., Tokyo. Japan). In
case of Muorogruphy. gels were fixed, sonked in an enhancer
(ENLIGHTENING: Du Pont Chem, Co., Wilmington. DE, USA),
dried and then exposed to X-ray lilms (Type, New RX: Fuji Film Co.
Ltd.. Tokyo, Jupan) nt ~80°C. In case of antorudiography using Fuji
imuging annlyzer, the fixed gely were dried and then expused to a
recycluble imaging plate (Type, BAS-IIL Fyji Film Co. Lid.).

2.3, Innwmoprecipitation

Polyctonal antibidies against DU pratein were provided by Dr.
Muilet (Texas A&M University, TX, USA) [10). *S-labeted thylukoid
membranes were solubllized by digitonin (0.5%) and NP-40 (0.5%) for
30 win and centrifuged at 100,000 x g for 20 win at 0°C, The resultant
supernatin vas incubated with antibodies for 5 h st 0°C and then
antigen-untibody eomplexes were collevied by centritugation in the
presence of Protein A Sephuroge CLAB (Sigma)k

. Quanthation of ATE in chloroplasts

ATP was extracted from chloroplusts us in [1.3)and then determined
photometeleally by using a tugiforin-lusiferase assay kil (Lueifer-LL),
Kikkomun, Chiba, Japan) §8).

3. RESULTS AND DISCUSSION

Tu the experiment shown in Fig. 1A. isolated spinach
chloroplasts werc incubated for 5 min in the reaction
mixture for translation (sce Materinls and Methods)
under white light (50 W-m™?) in the presence of [*S]me-
thionine at 25°C (0 min in Fig. 1A). After turning off
the actinic light, incubation was further continucd for
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Fig. 1. Appearance of a novel protein banc apon light-dark transition.
Spinach chloroplasts were radiolabeled For § min with [*Slmethionine
in the light (0 min) and then incubated in the dark for 0.5-20 min (A).
After 20 min dark incubation, the reaction mixture was illuminated
for 0-§ min (B). Thylakoid membranes from chloroplasts after 20 min
dark incubation described above were solubilized and incubated, ei-
ther in the presence (+) or absence (=) of lysylendopeptidase {100
He-ml™Y), and then subjected to SDS-PAGE and fluoragraphic anmaly-
sis (C). Arrows indicate the position of novel protein band appeared
by light-dark transition. Bars on both sides are positions of mol. wt,
marker proteins: 94, 67, 43, 30, 20.1 and 14.4 kDa. respectively. from
top to bottom. 15% (w/v) acrylamide gel containing 6 M urea was used
for analysis,
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Fig. 2. Aworadiographic analysis of immunoprecipitated proteins

using atibodies against D1 protein. Thylakeid membranes obtained

in Fig, 1 (A0 20 min) were used s starting moterials (lane 1), De-

ergent-solubilized proteins were immunoprecipitated as described in

Materials und Methods (lane 2). A bae and an arrow indicate positions

of the mature sized DI protein aud the novel protein accumulated
upon light-durk transition, respectively,

0.5--20 min under the same condition (0.5-20 min in Fig.
1A). Fluorographic analysis of newly synthesized
proteins in thylakoid membranes obtained by hypo-
tonic treatment of chloroplasts revesled that light il-
lumination caused the appearance of heavily radio-
labeled bands of D1 protein and its precursor of about
30 kDa [R). together with szme other min2r bands, parts
of which presumably correspond to proteolytic frag-
ments and/or translation intermediates of various thyla-
koidal proteins. as is documentes [4.i<}. During i
subsequent dark labeling period following translation in
light, a novel protein band of about 17.5 kDa. as
estimated by electrophoretic mobility on 15% acry-
lamide concentration in analyzing gel, gradually
appeared on the Auorogram Fig. 1A). The protein never
accumulated in detectable amounts under continuous
illumination, but appeared only after light-dark transi-
tion. However, only a short interval of light illumina-
tion of about one minute was enough to saturate the
amount of accumulated protein. The 17.5 kDa band
thus accumulated by cessation of actinic illumination
disappeared alimost completely within 5 min of subse-
quent light incubation, as shown in Fig. 1B. The forma-
tion of 17.5 kDa protein band by cessation of ligix.
illumination was also observed irn isolated pea chlo-
roplasts under the same conditions (data not shown),
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Fig. 3. Inhibition by chloramphenicol of the appearance of 17.5 ki

protein upon light - dark tramsition, Lanes 1 and 2 correspond to 0 and

20 min dark incubistion in Fig. 1A, Chloramphenivol was added tothe

transiation MENIWEe al 200 g * ot ths cossatred of § min luming.

tion and (he misture w= furiter incubated for 20 min in darkness

(lanc 3. A Bar s @i afrow indicate por. s of Alatureesizgd DI
protein and §7.5 kDa proteia, . spectively.

suggesting that the phenomenon is not restricted to
spinach.

The new protein band appeared that by light-dark
transition was detected in the fraction immunapreci-
pitated using D1-specific antibodies (Fig. 2) and thus it
is concluded that this component is a part of the DI
protein. The above conclusion was supparted by the
fact that this protein band is resistamt to lysylendo-
peptidase treaiment (Fig. 1C). consistent with the
deduced amino acid sequence of DI protein of spirach
6]. A partial proteolytic nngerprinting experiment
(daia not shown) I ther supporied this conclusion and
suggested. based on previous observations {14}, that the
17.5 kDa protein corresponds to the fragment contain-
ing N-terminal halt of DI protein.

There are two possibilities for the origin of the new
protein band of 17.5 kDa which appeared upon lighi-
dark transition. One of tie possible ongins might be
degradation of D1 protein as described by Edelman et
al. [14]. However, the view is not consistent with kinetic
behavior of appearance of this protein band. In the
present study, the amount of accumulated protein dur-
ing the dark after light period saturated only by a brief
preillumination of about ! min under the light intensity
used, as mentioned above. On the other hand, in the
case of the degradation product of Edelman ei al.. the
amount of the degraded protein was shown to depend
on the length of light illumination [14].
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Fig. 4. Appearanee of 17,5 kDa protein by the sddition of steszine in
Huminated sprvach chlotuplasts. After § min of lightlabeling poried,
atesine wirs eldedd to chforroptasts st the concentration of 10 tane 1),
10 itane 20, and 190 (lane 3 g™, respectively, and then fv M
cubated i the light for another 20 min, Lane & corrtsponds ')

sample daek-invubsated for 20 min aller cessation of aclinic Hlumina-
tion. A bar and an arrow on the right side tndicate positions of the

mature DI protein and the 17,5 kBra protcin, respectively.

An alterpative possibility i1s that the protein band
observad here is a paused translation intermediate of
the Dl protein, The fact that both appearance upon
light -dark transition (Fig. 3) and disappearance during
the subsequent light period of this protein (data not
shown) were prevented by the addition of chloramplie-
nical (209 ygml'; which inhibits ¢longation in chlo-
roplastic protein synthiesis is i favor © vhis possibility.
Tiss St together w. . kinetic evidence mentioned
above strongly supports the interpretation that the
novel protein band abserved in this study is a paused

Table |

Levels of ATP in isolated spinach chicroplasts incubated under differ-
ent conditions

Conditions ATP* {nmol -mg ' Chh
3 min light LRES
10 min dark after 3 min fight 16
19 min light in the presence of**:
i) o™ t-Lgine i
J0 gM arrazine 39
i0 uM atrazine 5.52

*ATP u- delermined as in Materials and Methods.
=*Chloroplasts were preifluminated for 3 min under the conditions tor
translation.

=4



translation intermediate of D1 protein, as suggested by
Kim et al. in barley [10)].

In order to understand the mechanism of Llom,ution
p;\mmg of D1 protein upon hght-durk transition, atra-
zine was added to the translation mixture after 5 min of
illumination and teanslation was further continued for
another 20 min in the light (Fig. 4). The result indicated
that presence of atrazine elicits the appearance of the
17.5 kDD component éven in llght. in a congentration-
dependent fashion. In a previous xtudy it was clearly
demonstrated that* higher concenteation of atrazine
decreases the ATP level in illuminated chloroplasts to
that of dark control which corresponds to the level of
thytukoid-bound ATP [8] (Table I). This fuct suggests
that the runctioning of cyclic phosphorylation is insigni-
ficont under the conditions in sustaining the ATP level
in stromal compartment of chloroplasts (without extes-
nally added cofnctors). This fact together with experis
mental evidencs shown in Fig, 4 led us to hypothesize
that clongation of the D1 protein proceeds even ut o
relatively lower concentration of ATP, except for at a
specific point where o high level of ATP is required by
sn as yet unknown mechanism. For this reason, the
lowering of ATP by the uddition of atrazine after preil-
lumination results in accumulution of a paused interme-
diate. The interpretation was further supported by the
fact that the uppeurance of this protein band was ulso
observed in light in the presence of carbonyl-cyanide-m-
chlorophenyl hydrazane (CCCP) or of glycerate (datn

not shown) both of which decrease the stromal level of

(ASiTP in chloroplasts by entively different mechanisms

Ta o recent study. Kim et al. [10] observed several
species of D1 wranslation intermediates in barley chlo-
roplasts. They proposed that ribosome pausing faci-
litates co-translational binding of cofactors such as
chlorophyll to D1 protein and wids the integration of D1
protein into the thylakoid. Fowever, the translation
intermediate observed @ this study might be different
from those reported by Kim et al. [10]. since the exper-
irental conditions and the result o%lained are largely
different from each other: Kim et al. observed the for-
mation of several intermediates of D1 protein under
continuous illumination. while in the present study.
only one sharp band of 17.5 kDa was observed under
dark after brief preillumination,

The size of 17.5 kDa approximately corresponds to
160 amino acids, although estimated values by SDS-
polyacrylamide gel electrophoresis can never be exact
especially for hydrophobic membrang proteins. Taking
into account the inaccuracy of molecular weight estima-
tion, we may expect, for example, a situation where
binding of special pait chlorophyll (P-680) to the 198th
histidine on D1 prmcm requires 4 higher concentration
of ATP. in the repairing process. Another possibility of
pausing of clongation is that the integration into thy-
lakoids of a helix, for example putative membrane span-
ning helixes € or D, is inhibited under low ATP con-
centrations, Further analysis evidently is needed to cla-
rify the control mechanism.
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