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Abstract: Two developmental stages of Norway spruce (vegetative buds and mature current-year needles) were compared
regarding to function and molecular organisation of the photosystem II.The efficiency of PSIIand the relative electron
transport rate (rel.ETR) were investigated using the chlorophyll a fluorescence measurements.SDS-PAGEand Western
blotting were used to analyse the expression of the light-harvesting complexof PSII(LHCII),cytochrome b-559and the
large subunit of Rubisco (LSU).The Fv/Fm values of 0.83and 0.78in mature needles and vegetative buds,respectively,
indicated that fully functional photosystem IIwas present in bothdevelopmental stages.However,the light response curves
revealed lower ∆F/Fm′ and rel.ETRvalues in vegetative buds than in the needles.The differences were due to a lower
photochemical quenching.Similar values for the nonphotochemical quenching coefficient (qN) in buds and needles suggested
that chloroplasts of bothdevelopmental stages possess protecting mechanisms against excess irradiance.Molecular analysis
showed that the levels of all three investigated proteins (LHCII,Cyt b-559and LSU) were muchlower in vegetative buds
than in needles.This may account for the observed functional differences of chloroplasts in vegetative buds and mature
needles.
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Introduction

Photosystem II(PSII)is locatedinthegrana thy-
lakoidmembranes ofchloroplasts andfunctions as a
water-plastoquinoneoxidoreductase(Barberet al.,
1997).Thebuilding upofa functional PSIIcomprises
theexpressionofbothnuclear andchloroplast genes
andavailabilityofpigments (Plumley& Schmidt,
1995).Whileinangiosperms irradianceis themajor
environmental factor that controls thegreening pro-
cess (Wrischeret al., 1986), it is well known, for a
long time, that gymnospermplants havethecapabil-
ityofbiogenesis ofphotosyntheticallyactiveplastids in
completedarkness (Bogdanovíc,1973;Bartlet&
Dodge,1980;Forreiter&Apel,1993;Wrischer
et al., 1998).
Vegetativebuds ofsprucetrees arecoveredbypro-

tecting scales arrangedinnumerous rows (Romber-
ger,1966;Hejnowicz&Obarska,1995)andmost
probablydeprivedfromirradianceduring thewholepe-
riodofdormancy.Nevertheless, a certainamount of
chlorophyll was detectedinvegetativebuds ofspruce
during this period(Lepeduš et al., 2001).Theplas-
tids insidevegetativebuds wereshown to havea
poorlydevelopedthylakoid system andquitelarge

starchgrains.Proliferationofvegetativebuds inyoung
shoots was characterisedbya delayofthechlorophyll
andcarotenoidbiosynthesis (Lepeduš et al., 2003)as
well as a delayeddevelopment ofthethylakoidsystem
(Senseret al., 1975).Acomprehensivecharacterisa-
tionofplastids invegetativebuds requires investiga-
tions onthefunctionandmolecular organisationofthe
photosyntheticapparatus inthoseplastids.Theobjec-
tiveofthepresent studywas to examinewhether the
plastids ofvegetativebuds acquirea functional PSII
during theperiodofdormancy.For comparison, the
functionandmolecular organisationofthePSIIwas
analysedinfullydevelopedmatureneedles.

Materialandmethods

Vegetative buds and current-year mature needles were har-
vested from a single Norway spruce (Picea abiesL.KARST.)
tree grown in the Botanical Garden at the University of
Kiel,Germany.Sampling was done in November 2001.The
branches bearing vegetative buds and current-year mature
needles were harvested from the lower part of the tree.Buds
were dissected from the branchand the protecting scales
were removed.Green embryonic shoots were excised from
the vegetative buds.


