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Abstract We provide evidence for invoh,ement of two different
45 kDa protein kinases in rehydration and germination of barlev
embryos. In drl embr"v-os, a mvelin basic protein (MBP)
phosphor.v-lating kinase was detected, nhich could be immuno-
precipitated with an anti-NIAPK (mitogen-activated protein
kinase) antibody. Rehydration of the embrlo induced a decrease
in activity of this 45 kDa MAPK-like protein kinase. ln addition,
activitl' of a MBP kinase of the same molecular weight was
subsequently found to be induced. 'fhis second MBP kinase
activity could not be immunoprecipitated with the anti-\IAPK
antibody and was induced only in germinating embryos, not in
dormant embryos. O 2000 Federation of European Biochemi-
cal Societies. Published by Elsevier Science B.V. All rights
reserved.

Kev x'ords: Mitogen-activated protein kinascl
Myelin basic protein kinase: Germination; Rehydration;
Hordeum clistithunr

l. lntroduction

Seed germination is a process that depends on both intcrnal
and environmental lactors. such as plant hormone levels. light
and temperature []. The germination process is a continua-
tion of seed development. in which the embryo is lormed but
further grow'th is arrested. as the process is stoppcd by dcsic-
cation of' the seed. Under appropriate conditions. maturc dc-
siccated sccds are rc-hvdratcd. mctabolism is resumed and
seeds start to qcrminatc. Whcn intact viablc secds do not
qcrminate undcr tlvorablc conditions. thcy arc callcd dorrnant
t2l.

For barlcv urains. trvo ol'thc kcy tactors that dcternrinc
whcthcr an cnrbr_"-o iuill scrminatc trc thc lcvcls of abscisic
acid (ABA) and gibbcrcllins. ABA is an inrportunl rcsulator
ol' dormancy: it is involvcd both in ntaturation of' thr- scctl
and in inhibition ol' thc gcrmination proccss b! urrtagonizinu
gibbc-rellin activit) during gcrrnination [3]. Dormancy' ol'bar-
lcy grains can bc brokcn bY scvcral agL'nts: sontc ol' the.sc

aflcct thc ABA content ol'thr-'embryt-rs uhilc'olhcrs. suclr as

thc f'unsal toxin lusicoccin. probabli, intc'rltrc '"'"ith ABA sig-
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nal transduction [4]. Scvcral studies havc shorvn thc involre-
ment ol protein phosphorylation in ABA signal transduction
in seeds (reviewed by Heimovaara-Dijkstra ct al. [5]). In rvhcat
cmbryos and barley aleurone. mRNA lcvels ol' the' scrinc/
threoninc kinase PKABAI arc induced by ABA [6.7]. Fur-
thermorc. ABA has been shown to induce thc acti'"'ity ol' a

mitogcn-activatcd protcin kinasc (MAPK1 in barlcy alcuronc
protoplasts [8].

MAPKs lbrm a tamily' of protcin kinases that are activiltcd
in rcsponse to various cxtraccllular stimuli in eukaryotic or-
ganisnrs [9.10]. In plants. MAPKs havc bccn rcportcd to bc

activated by different types of'strcss. such as cold. drought.
wounding. and salt stress I l l4l. In addition. plant MAPKs
can be activatcd by hydration [5]. elicitors [6. 17] and scvcral
plant hormones. including salicylic acid [8]. cthylcnc [9] and
ABA [8]. MAPKs also appear to bc involvcd in ccll cvclc
regulation [20] and auxin signal transduction [21]. Thcsc rc-
sults demonstrate that MAPKs play a role in strcss signalling
as well as in cell cycle regulation.

Since scveral of the stimuli that influence MAPK activitv
are also known to be involved in germination (i.e. stress. ABA
and cell division). we investigated MAPK activiry in gcrnri-
nating barley embryos. In particular. the activation ol MAPK
by ABA in barley aleurone protoplasts raised thc qucstion
whether a MAPK pathway would bc involved in ABA-in-
duced inhibition of gerntination. However. wc did not find
an effect ol ABA on MAPK activity in barlcy cmbrl'os. In-
stead. we lbund that MAPK-like ilctivity in barley,embrros is

rcgulatc'd post-translationallr in a hydration-dcpcndcnt *ar'.
Wc'shou'that upon rchvdration ol'barlcy erains. thc lrcti\rt\
ol'a .15 kDa MAPK-like protcin kinasc dccreascs. A suhsc-
qucnt incrcasr- in .15 kDa protein kinasc actiVitY $as ohscrrctl
onlv in gcrminating cmbryos. and not ir.r dornrlnt cntbrros.
This sccond kinasc- activit-u.. has dtlllrcnt propcrtics thirn thc
rehvdration-irlactivatcd MAPK-likc kinasc.

2. \latcrials and mcthods

).1. Platt ilttttuiul
Non-dormant llttrdttlu li.tticlturu L. cr'. Triuntph rrrains $erc llonl

Heineken Technical Serrices {HTS) (Zoeterwoude. Thc Ncthcrlantls}.
f)ornrant grains uere obtained bl growing geneticall)' identical Tri-
umph plants lirst l6 h at ll'C/8 h at l0"C undcr continuous lighr lirr
10 da1s. Then conditions were changed to l6 h ar l{'C/tt h at l{)"('
under continuous light until the grains uere lirllr ripe. Grains rverc
dried ttl 6 Ii",, nrotsture cotl(cnt and stored itt l0'C t. prcier\c
dorntanc\.
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Ten l0 intact grains were translerred to two la\crs ol'Whatrnun
No. I paper (Whatman. UK) in a Petri drsh (9 cnr) containing.l ml
distilled $ater. Plates were sealed with Paralilnr to prcverll c\ap()rir-
tion and incubated in the dark at 10"C. Grains were sg6rctl us gcr-
rninated uhen the radicle was >l mm. Water uptakc o1'dornunt and
non-dormanl [rains was determined under the sanrc contlitions by'

rveighing each grain at designated times.

2. -1. Prott,in ?.\tr0(tion
Ernbryos were dissected carel'ully from barL'l grains and rrcre inr-

mediately liozen in liquid N1. Ten enrbrvos uere ground in I rnl ol'
20 mM Tris. pH 8.0. .10 mM NarP:O:. 50 mM NaF. 5 nrM MgCll.
0. I mM NarVOr. l0 mM EDTA. l'l',, Triron X-100.0.5'1,i, sodiunr
deoxycholate.0. l'li, sodiunr dodecyl sulllte (SDS). and one (ablet ol'
complete protease inhibitors per I50 ml (Boehringer). The suspensiorr
was lefl on ice lbr 15 mrn and centril'uged at l5000xg lbr 5 min
at 4'C. The supenlal.aut wirs stored at -10'C for biochenrical anall--
sis.

2.4. lnununoprL'< ipitdt idt
For immunoprecipitation (basicalll according to Knetsch et al. [8]).

200 pg ol'total protein extract rvas added to 10 gl anti-ERKI anti-
body (K-2-1. rabbit polyclonal sc-9'1. raised agarnst a peptide shich
corresponds to amino acids l()5 327 nrapping within subdomain XI ol
ERKI-encoded MAP kinase p44 ol'rat origin. Santa Cruz Biotech-
nology) that was precoupled to 20 gl protein G-Sepharose'{B-last
flow (Pharmacia). The immunopreciprtatc was washed and resus-
pended in sample bufler (60 mM Tris. pH 6.8. 10"'i, glycerol.5"l,2-
mercaptoethanol. 2'2, (w/v) SDS. 0.001'7, 1w/v) bronrophenol blue) ttr
analyze in an in-gel kinase assay.

2.5. ln-gel protein kinasc ussu.t'

In-gel kinase assays were perlormed as described by [12]. Embryo
protein extracts (30 pg) or immunoprecipitates u'ere separated on a

11.5",, (u/r ) SDS polyacry'lanridc gel containing 0.5 nrg/nrl ntlr'lin
brsrc protein (MBP). The gel was lixed in 2()7,' isopropanol.50 mM
Tris. pH 8.0. Ibr -10 nrin. pretreated in 50 nrM Tris. pH li.0.5 nrM l-
nrercaptoethanol (buller A) li)r 60 nrrn und denaturcd in 6 M guani-
dine HCI in bufler A. The proteins w'ere renaturccl overnight in 0.0.1",,

Tween--l0 in buller A at ,1'C. Tlrc gel u'as incubated {irst in bulier B
(.10 mNI HEPES. pH 8.0. 2 mM rlithiothreitol.0.1 mM EGTA. 5 mM
MgCll)lbr 60 nrin and next in 50 prM ATP. 125 pCi/nrl [y-'rP]ATP in
bufler B lirr 60 nrin. The gel rias rlashed six (inres lbr l5 min each in
5",, TCA. 1",,, NaPP. dried and erposed to lilm.

1.6. Ll:<'.stcrn hlol dndl.t :i.t
Embry'o protein in sample buffer was separated by ll.5'll, (w/v)

SDS-PAGE and blotted to rritrocellulose. Immunoblots were incu-
bated with anti-ERKI antibody 1l:1000) at 4'C. Polypeptides were
visualized by incubation in horseradish peroxidase-labeled goat anti-
nrbbit antibodies. lbllowed br enhanced chemiluminescence detection
(ECL. Amersharn).

-1. Results

-1.1. l,l BP kinusL, uctilit.r' irt hurlL'.r' etnhr\tt:; during gL'rtttintttit)n

ol intuL't gruitt.s

To identily MAPK activity in germinating barley embryos.
we used an in-gel kinase assay to measure phosphorylation ol
MBP. which is a known substratc ol MAPKs. Intact grains
were imbibed (hydrated) and. at designatcd times, protein ex-

tracts werc made ol carcfully dissected cnlbryos. In an in-gcl
assay (Fig. lA). a dominant 45 kDa MBP kinase activity was

detected that showed different activation levels during imbibi-
tion. Two additional MBP phosphorylating proteins migrated
at valucs of approximately 80 and 60 kDa. but these activities
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Fig. l. Actirity ot'MBP phosphorl'lating kinases and expression ol'MAP kinases in barlel'embryos. (A) In-gel MBP kinase tssut ol'errrbrt'o
e\truc(s. Intlct barley grains were imbibed in Rater and entbryos uere dissected at designated tinres. -10 pg ol'protein ivas loaded on thc gcl.
(B) Control gel uithout MBP. Samples are identical to santples lorded in {A). (C) lmmunoprc'cipitttion lbllou'ed by in-gel kitrase rtssar. Protcin
exlracts ol'drl embrros and 8 h and 48 h imbibed embryos (2{X) ggl werc used lbr immunoprecipitation uith anti-ERKI antibody. Imntutto-

\\ irs l()irdc(l.
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lrig. 2. Efllct ol'ABA on MBP phosphorllating activitl in ernbrvos
during imbibition ol' barley qraius. Intact grains were treated with
100 ptM ABA. embryos were isolated at desi_rrnated times nnd in-gel
kinase analvsis uas perlirrmed as described tbr Fig. lA. -10 pg ol'
protein rvas loaded. One representative cranrple of lour independent
experinrents is presented.

wcrc weak and not rcproducible. A 38 kDa band was also
prescnt in thc control gcl without MBP (Fig. lB) and was.

thcretbre, ludgcd to rcsult l'rom autophosphorylation.
Thc 45 kDa MBP phosphorylating kinasc isolated fiom dry

embryos appeare-d to be highly activc. Upon hydration. this
activity decreased within 8 h to a minimum ol' l0'i,i, ol' thc
initial level ol activity. Alicr l6 h. thc activity startcd to in-
crease again. reaching almost its initial activation levcl atier
48 h ol imbibition. This incrcase in MBP kinasc'activily co-
incided with visible germination of'thc cmbryo (Fig. lA1.

The molecular mass of the 45 kDa protein kinasc and its
ability to use MBP as a substrate strongly suggestcd that this
kinase is a MAPK. This hypothesis was tested by the use ol
an anti-MAPK antibody raised against rat ERKI. MBP ki-
nase activities olanti-ERKI immunoprecipitates olextracts of
0. 8 and 48 h imbibed embryos were analyzcd in an in-gcl
assay. Fig. lC shows that only the activity present in dry
cmbryos could be immunoprecipitated (lane IP cr-ERKI 0 h).
This immunoprccipitated kinase appeared to have a molecular
mass similar to that of thc kinase in the total protein cxtract.
The germination-related increase in kinase activity was not
prccipitated by thc anti-ERKI antibody (lane IP ct-ERKI
48 h). thus indicating that the dc'crcasc and subsequent in-
crcasc in .15 kDa kinasc activity during imbibition arc caused

by diffcrent kinases. These kinascs *ill bc lurther relerred to
as MAPK-likc kinase- and MBP kinasc. No MBP phosphor-
ylating activitv *as prccipitatcd in thc controls without anti-
ERKI antibodl- (lancs IP control).

Expression of barlcy MAPKs during gcrmir)ation $ irs

studied bv Wcstcrn analysis using thc anti-ERKI antibodl'.
At a valuc ol'approximatcly ,15 kDa. tu'r'r polypeptidcs wc-rc

dctccted by thc anti-ERKI antibody (Fig. lD). the smallcr of
which prcsumably corrcsponds to thc MAPK-likc kinasc. as

judgcd liom its position in thc gel. Trlo-dinrcnsional Wcstcrn
analysis ol' cmbryo protcin c\tracts rercalcd onll rlnc anti-
ERKI cross-r'cacting spot lbr cach of thr,'sc positions (data

not shown). In addition. tw'o other pollpc'ptidcs \\'crc dctcctccl

bv thc anti-ERKI antibodl (Fig. lD): onr- rcprcscntcd by- a

l() kDa barrd. and anothcr *i(h a molccular mass ol'approx-
imatclv 60 kDa. Abundancc ol thc tuo -15 kDa rrnti-ERKI-
dctcctcd kinascs rcmaincd constant during thc first 4tt h ol'
inrbibition. Thcrclbrc. we concludc that thc inactiva{ion ol'
thc MAPK-likc -15 kDa kinasc during inrbibition \\'i.rs not
causccl bl dillercntial crprcssion ol' thr' protr'in.

-1.). Ellcct d ..18.1 ttn .1t,.1 I'K-lik-'uctirit.t
As a -15 kDir MAPK li'onr burlcl'alcurotrc is knoun to bc

induccd b1 ABA [5.1t]. wc inrcstigatcd r.r'ht'lhcr thc MAPK-
Iikc kinasc activity in cnrbryos rvas allcctcd b1 ABA. TItc'

cllcct ol ABA on thc MAPK-likc kinasc actiritr' \\'as tcstcd
bl imbibing intact grains in tlrc prcscncc ol'ABA. Sincc tlrc
barlcy'cultivar uscd. Triunrph. is not vcry scnsitivc to ABA. a

high conccntration ol'ABA (10 I M1 ',r'as uscd to dclay gcr-

nrinatit-rr-r. Evcn at this high conccntration. no c-llcct ol'AtlA
\\'As sccn on MBP kinasc actiritv durins thc lirst 8 h ol'inr-
bibition (Fig. l).

-].-1. ,\I BP kittu.ta uctiyit.t' irt dornunt L'nthr.t'o.\. ad clfi'ct rtl
dr t r nru n< .t' - h reu k i n g ugut I.\

Ncxt. u'c firrlhc-r invcstigated the re'gulation ol thc ,15 kDa
MAPK-likc and MBP kinascs during gcrmination. In partic-
ular. w'c wantcd to kno*' rvhcthc'r thc- changes in kinasc acti-
vation during gc'rmination wcrc duc to rchydration or rclatcd
to gcrmination. Thcrclbrc. MBP krnasc activity was mcasurcd
in embryos oldornrant barlc'y grains. u'hich do not germiniltc.
evcn under firl'orablc conditions. Thc dornrant graitrs uscd
wcrc gcnctic:rlll idcntical to thc non-don-nant grains: dor-
manc! \^'as induccd cnviror.rn.rcrttallv [23]. Fig. 3A shows
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Fig. -1. itu13p kirrase irctir itl arrd $uter uptakc irt rl()r1-d()nlliutl ilrl(l
dornrrtnt barlcl grains. (A) In-gel MBP kinir:t'lnitlrsis ls dL'scribcd
in Fig. lA. l. non-dornrant gr&insi r. donnirnt grains. ,Actiritl ol'
the {5 kDa MBP phosphorllating actiiitl (p-{5 protcin kin;rsc) rrus
quantilied using ImageQuant (Mol!'culur Drnunticsl. Dirtu :tre thc
rnelrr ol' three independr'nt erperinrcnts. (+ ) indicatcs signrlicirrrt tlil'-
lerencc sith norr-dornrarrt grains. as deternrinr'tl uith the Studen('s
/-tcst (/'< 0.{)5). (B) \tr'rter uptake ol' intact n()n-d()nliult (t) un(l
dornrant (O ) birrlc) gririn:. Water uptake uas dctcrnrined br ucir:h-
ing intiiriduul unrins rc'peatc'dlr during intbibition. Tso intlcpcntlcnt
c\pcrinrents rrith in total l0 non-dormant and l0 dorrrr:rnl gr:rinr
lure prcsented. Thc nrcurr ralLres l: S.D. ol' l0 indiritlulrl unrins lrrc
:ltorr tt.
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In this stud\. \\c shorr thrrt thc gcrnrinlti()n pr'()ccss ()l

blllcr is i.lssociutcd with ir decrcusc in MAPK-likc protcin
kirtlsc lctirity ancl a subscclucnt incrclsc in MUP kirtasc lc-
tivit). L:sing an in-gcl assa\'. t\\ o diflcrcnt M BP phosphorr'lat-
ing kinascs with the sarnc nrolccular mass (.15 kDu)wcrc idcn-
tilicd. Thc initial MBP phosphorylating lctivit),. which
dccrcascd upon rchl,dration ol' the grain. could bc it.nr.t.turto-

prccipitatcd using an anli-rlt ERKI antibody. consistcnt w'ith
thc hl"pothcsis that this kinasc is a MAPK. Howcvcr. thc
tblkrwing incrcasc in MBP phosphorylating activity during
gcrmination could not bc inrmunoprccipitatcd r.r,ith thc sanrc

antibody. suggcsting that this activity is duc to ar)othcr cLrss

ol MBP kinasc.
Thc dccrcasc in MAPK-likc lctivit\ could bc'obscrvccl tlur'-

ing imbibition ol'both dornrant glains (w'hich do rrrrt gclrrri-
natc) and nor.r-dormant grains (Fig. -lA). ln addition. thc
slowcr dccrc'asc in kinase activitl- ir-r cr.nbrvi'rs ol' donnartt
grains corrc-spondcd with tlrc lowcr rltc ol' ivatcr uptakc ol'
thcse grains (Fig. -1B). Ths'refbrc. rvc concludc' that thc dc-

crcasc ol'45 kDa MAPK-likc kinasc activity in cnrbryos ol'
imbibed grains is induce'd upon rchydration of' thc glain. but
is not relatcd to gcrminalion. To oul knowlcdge. this is thc
first report to imply MAPK-like activrty in sccd imbibition.

As judgc'd tiom thc rcsults prcscntcd hcrc. wc l.t:rvc rto ir.t-

dications that ABA can inducc MAPK activity in gcrnrinating
barley cmbryos. Trcatmcnt ol barlcy grains w'ith l{)0 pM
ABA did not inducc MAPK-like kinasc activity. as measured
with an in-gel assay (Fig.2). Also whcn isolatcd cnrbryos werc
trcated with ABA lor short pcriods. no diffcrcncc in MBP
kinasc activity was obscrvcd. compared to a watcr control
(C. Tcstcrink and M. Vennik. unpublished results). Although
ABA is ablc to induce responses in divcrse tissucs. the-sc rc-
sponscs and the corrcsponding signal transduction pathwal,'s

are oficn tissuc-specific [5]. Thcrcfore. it is not surprising that
embryo cclls do not display thc sanrc MAPK activity as dt'r

aleurone protoplasts in responsc to ABA. Howc'"'cr. it is also
possible that ABA does inducc MAPK activity in crnbryos.
but that this activitl- cannot bc dctcctcd. MAPK actiritl in

aleuronc protoplilsts pcaks attcr -1 min rll-ABA trcatnrcnt lurd
rcturns to basal lcr,cl lr,ithin l0 rnin [8]. Sincc an crnbrrtr
consisls of a largc nunrbcr ol cclls. a siunal. suclr as AllA.
will not reach all thc cclls at thc samc tinrc. likc it docs in a

protoplast suspcr]sior.r. Thcrelbrc. thcsc k i ncls ol' l ast rcsporrscs
arc not likely to bc dctcctcd uuhcn trcating intacl cnrbryos or'

grains.
Thc MBP kinasc rrctiritie's during cmbrl,o gcrnrination hurc

rcnrarkablv long-lcrnr kinctics. Thc inuc(ir irtion ol' tltc
MAPK-likc kinasc irt barlcv cnrbrvr'rs is rcrr sloir ls opp()sc(l
lo thc rirpid and transicnt lcti\ation in nrinutcs thut has bccn
rcportcd in ntost olhcr pl:rnt MAP kirrasc studics. ln rrninral
cclls. sustairrcd M APK lcti\ ation has bccrr dcscribctl lirr
Rapl-mc'diatcd ncr'"c gro\\'th lactor-inclr.rccd MAPK actira-
tion [1,1] and lbr JNKI activation lcading to apoptosis [25].
In tobitcco cells. pcrsistcnt MAPK activatiou hls bccn ob-
scrvcd in clicrtor-trcatcd suspclrsion cclls [26] and in salicvlic
rucid-trcatcd lcarcs [37].

Aticr thc dccrcasc ol'MAPK-likc activitl. thc lctrr itr ol'thc
othcr MBP kirlrsc increascd uhcrr crnbrvos startctl to gcrnti-
natc. L sing riilltrcnt nrcthods to nrirnipulltc gcrntrrllrtitrn. $ c

crruld shori l clcirl eorrcluti()n bet*ccn gclrtrinution irntl

134563456
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Fig. 4. Correlation ol' activation ol' MBP kinase sith gernrination.
Dornrant grains *,ere irrcub:rted in l0 I M lirsicoccin (A). or 1",,
ethanol (B). Each day. uernrindted grains $'ere separated liom non-
germinated grains and enrbrlos were assaved separately lbr MBP ki-
nase actirity. 30 irg ol'total protein uas Ioaded.

45 kDa MBP kinase activity in dormant and non-dormant
barley cmbryos. In dormant cmbryos. thc initiat lcvcl ol ki-
nase activity was similar to that in non-dormant cmbryos.
Upon imbibition. the MAPK-likc activity decreascd. although
not as tast as in non-dormant cmbryos. No activation ol- thc
MBP kinasc was seen in dormant cmbryos. which indicatcs
that activation ol'the MBP kinasc during inrbibition is corrc-
lated with gcrmination.

As MAPK-like activity decreascd in cmbryos of both non-
dormant and dormant grains. this dccrease appears to bc a

dircct or indircct e'ffcct ol rchydration ol thc grain. rvhich
occurs both in dormant and non-dormant grains that arc
placcd in lvatcr. In Iact. w'atcr uptakc ot'intnct dormant grains
appcarcd to bc slor,''cr thrrn tbr non-dormanl grains (Fig. 3B).
The samc effect uas obscrvcd rrhcu rvatc'r uptake ratc ol'onlv
thc crnbryos uas mcasurc-r'l (data not shoun). This ditlcrcncc
in rvatcr uptakc ratc is consistcnt *ith thc slightly sloucr
clccrcasc ol MAPK-likc kinasc actiritf in cnrbryt'rs ol'dormant
grains.

To study re_uulatiort ol'tlrc MBP kinasc durirrg gclrninution.
clornra nl grains r." e're t rcatcd u'ith difltrcnt tlornrancl -brcaking
agcnls ilnd assavcd lbr MBP protein kinlsc actirity. Dormant
grains wc'rc treatcd 

"rith 
cithcr l'usict-rccin tFig, -1A) or cthanol

(FiS. -lB). which both iuclucc gelrrinltion bct\\'ccn ..1 7 davs.
At Iixcd intcrvals. gcrnrinatccl arrd rrorr-gcrnrinatcd crnbryos
\\'crc scparated and assarc-d scplnrtcl) lbr MBP kinasc actir'-
ity. Fig. -lA.B shou's that MBP kinasc irctivitl \\ls xctivrrtcd
onll irr srains that had gcrminltcd. As all grains hacl dc'rcl-
opcd undcr thc sanrc. dornrancl-inducing conditions ancl hatl
bccn gircrr thc sarne tr'!'atnrcnt. thc difitre.ncc in MBP kinasc
activitl callnot havc bccn causccl b1, a diflcrcncr"- in lpplic'd
sro\r'th conditions durinu sccd dclclopntl.ut. r)r ltarc hccrr il
cirrcct cllcct ol'thc comprrund usctl. Thcrclirrc. this r'rpclirrtr-rrt
shorr s tlrc strict corrcllrtiou ol' iltcrcilscd M BP kirrlsc uctir ttr
u ith scrrniuution.
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-15 kDu MBP kinasc acti\ity. ln cntbrlos ot'dorn)unt stilir)\.
lcti\ itv r\ its not inducccl. but w'hcn tlorrlancr, \\'as brokcn
r.rith etliunol trr llsicoccin. induction ol' l\.,[ Bp kinlsc uctrritr
uuas obscncd irr c.rnbr-v-os that gcrnrinatcd. but not in thosc
that did nor gcrntinitrL. (Fig.4). Thc dilllrcncc in MBP kinasc
ircti\ it\ bcnrccn dorrnant altd noll-d()n-nant cntbr\'os could
also havc bccn causcd bv thc difltrcuccs in grttr,,th conditions
ol' thc sccds that arc not rclat!.d to {crntinatit)n bc.lrar ior.
Horvcr,cr. this possibiliti can bc cxcludc.d in thc casc ol'dor-
t.trartcv brcakauc uith flsicoccin and cthrrnol. Thcrclirrc.. r'uc

concludc that thc inclcasc in MBP protc.in kinasc actiritv irr

barlcy cmbryos is strictly corrclated uith gcrminariorr.
Intcrcstingll,'. MBP kinasc rtcti\it) starts to increast sl-rortl1,

altcr radiclc protrusiorl. Scvcral protc'ins hare bccn dcscribed.
whosc t'xpression correlatcs with visiblc' gcrnrination. Most ol'
thcsc protcius al'c crrzvmcs. which arc'likclr tct bc'involvcd in
nornral cr-.llular nrctabolism in thc post-gcrntinativc stagc Il].
Thc,l-5 kDa MBP kinase'could bc a possiblc signalling intcr-
mcdiatc in the pathway leading to post-gcrmination-rclatcd
cnzvmc activitv. Altcrnatilclv. it could plal a rolc in induc-
tion ol'ccll dir,ision. which is knou'n tt'r take placc- shortly tftcr
visiblc gcrmination [].

Our inrmunoprecipitation rcsults suugesr that the 45 kDa
protcin kinasc activity is caused by trvo differcnt kinascs. onc
of which is a MAPK. As the germinalion-rclared MBP kinasc
is not prccipitated by thc a-ERKI antibody. it could vcry wcll
bclons to a different class of protcin kinases. MBP kinases
that are not rclatcd to MAPKs have becn identified bclorc in
plants [28,29]. However. at the moment wL. cannot cxclude thc
possibility that the germinarion-related MBP kinasc is another
typc ol MAPK that is not rccognized bv the cr-ERKI anti-
body. Although unlikely. it is even possible rhat it is thc same
kinasc as thc rchydration-inactivated MAPK-like kinase. and
that the lack ol immunoprecipitation is caused by othe.r lac-
tors that are difl'crcnt in gcrminated cmbryos and dry cm-
bryos. such as thc prescnce ol' the kinase in a complex or
modification of the kinase itsell'. Only tht- purification of rhe
45 kDa MBP kinascs and dctcrminarion of'the prorcirr se--

quenccs can conclusivcly answcr this quc'stion. In conclusion.
a rc-hydration-inactivatcd kinasc. that has sc.r,cral propcrties ot'
a MAPK. has be'cn identificd in barl* cnrbrvos. In addition.
a MBP kinase of lhc sanrc molccular iieieht is acttratcd upon
gcrnrinltion ol' barlcv grains. Furthcr charlctcrization shoulcl
revcal thc idcntitl ol' this kinasc.

..ltkntnrlul{t,rtrtrrlr. \\'c rioultl lrke t() thank Eua Snirar-Jagulskir irnd
Paui Scherrk lirr helpl'ul discussion antl assistunce sith thr'in-sel ilssar
:tnd Bert ran Dui.jn lirl criticlll) readrng tlrc t'ltilLlscript.
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