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Abstract— There is undetectable transcription of 11S s®rpgtein (medicagin) mRNA by nuclei isolated frqire-
cotyledonary-stage somatic embryos of alfaNedicago sativa.). However, this message exists at steady-séateld in
the embryos at this stage of development withontomitant synthesis of the storage protein. Atteecotyledonary stage,
therefore, the transcriptional rate for 11S mRNAois; what message is transcribed is sequesterégeifiorm of mRNP
complexes and is not recruited into polysonmegivo (33). Both transcriptionirf vivo and in isolated nuclei) and translation
of the 11S mRNA are evident at the onset of cotytedevelopment in somatic and zygotic embryos,hiegca maximum
during expansion of the cotyledons and then dewiais the embryos mature. Pre-cotyledonary-stagematso  embryos
which do not utilize the 11S-mRNA in polysomes laektain mRNA-binding proteins (32, 36 and 38 kD)iahhare present
at later stages of development. These mRNA-bingir@eins may be responsible for the initiation afge polysome
formation since they were exclusively present ia translational extracts of cotyledonary somatid aygotic embryos in
which there was no repression of storage protemthggis. In contrast, the pre-cotyledonary sonmetibryos contained a
different set of 11S-mRNA-binding proteins (28, 58, and 62 kD) whose presence in the cotyledosiaiye embryos was
very rare or non-existent; these could be resptngil preventing translation.

Key words. Embryogenesis, Translational control, messendmmucleoproteins, alfalfaMedicago satival.), legumin
(11S)

INTRODUCTION fraction may play a role in regulating the
recruitment of messages into the protein
We previously observed that storage proteigynthesizing (32).

messages, including legumin (11S) mRNAs, are The selective recruitment of mRNA into the
undertranslated during the pre-cotyledonargolysomes of eukaryotic systems is a means of
stages of alfalfaMedicago satival.) somatic post-transcriptional regulation. In erythroblasts,
embryo development; later these mMRNAs ar example, approximately 200 different
actively recruited into polysomes, at themRNAs are actively translated whereas about
cotyledonary stage (33), with a concomitani200 others remain silent, among which 99% are

synthesis of more message. We observed thadly(A)-binding protein mRNAs (17, 20, 25, 26).
there are several proteins (15 - 150 kD) which arghese untranslated mRNAs normally remain in
associated with the cytoplasmic untranslateghe cytoplasm during and after cell differentiation
MRNAs in the non-polysomal fraction. Amongand they are in association with a special set of
them, the 30, 43, 55, and 65 kD proteins afggulatory proteins. This associated complex of
unique to the non-polysomal fraction of premRNA and protein in the cytoplasm is the free-
cotyledonary stage somatic embryos of alfalfa (faRNP (messenger ribonucleoprotein) fraction,
31), and these may be involved in ther the non-polysomal (also called repressed)
suppression of the storage protein synthesis f@hction. Both the mRNP and deproteinized
this stage of development. The presence @iRNAs can stimulate cell-free translation and,
protein kinase activity in the non-polysomahence, the mRNAs within the complex are
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potentially active (13, 36). This raises a series @omatic Embryos Calli were induced on embryogenic
questions: What is the physiological significancE.etIOIeS in the presence of the hormones 2,4-Dytpand

- inetin (1.0uM) on solid B5H medium (7) at 25°C during a
of stable mMRNPs? How does a specific MRNAgg light (7.5x 18 mol m? sec?) / dark cycle. After 2 to

remain in the cytoplasm even after differentiation weeks, when pigmentation had occurred, the eailie
without being recruited into polysomes? What igansferred to suspension culture (B5G medium coimgi
the special intrinsic property of an mRNA that-&M 2, 4-D, and 0.aM NAA). When the suspension
determines whether it will be translated onl #'t“re became thick (in about 7 - 10 d) it wasveie

. . . .. rough 500 and 200m meshes, and cells collected on the
under a defined physiological condition? Therggg m mesh were spread onto solidified hormone-free
are few answers to these questions. Globabi2y (15) medium for embryo development. Embryos at
mRNA-associated proteins have been identifiedifferent stages of development were collected ating to
in several eukaryotes, mainly in animal tissudfe procedure described by Atanassov and Brown, (534
(3) and a few in plants (1, 6, 9, 11, 38) using the, ..iion of Nuclei

technique of MRNA-protein cross-linkimg situ. The procedure described by Luthe and Quatrano, 1980
The reconstitution of MRNP® vitro using (24) was followed for the isolation of nuclei. Erbs were

UV-irradiation and a defined sequence of aﬁfou?d ‘r’]‘/ith al morta{j and peStllle in ”quidl N. Ehe/vlder
- e L was further pulverized in a Duall ground-glass hgerazer

mRN.A has allowed for the |(jen_t|f|cat|on .Of Slomewith 5 ml Honda buffer (20 mM HEPES-KOH pH 7.9,4.4

special regulatory mRNA binding proteins; €.0y sucrose, 2.5 % Ficoll, 5.0 % Dextran T-40, 5 mM

Greenberg and Carrol, 1985 (16) haveigCl, 10 mMp-mercaptoethanol, 0.5 % Triton X-100, 2
characterized the globin-mRNA-binding proteingnM spermine) per gram of embryos. The slurry wieréd
in a cell-free translation system. The most{wrough three layers of 7d4m mesh polyester sieve cloth,

. . . . and then the filtrate was centrifuged at 4000xglfommin at
extensively studied regulatory protein of this typ§°c. The pellet was considered as crude nuclei $iromild

is the ferritin repressor protein which binds te thpe contaminated with other organelles. Pure nucteie
5- untranslated region of ferritin MRNA andobtained by resuspending the crude nuclei in 4.5orda

regulates its translation (8, 29). There are séveRyffer without spermine and then centrifuging (4@g@or

: : min at 2°C) on a Percoll (Pharmacia) step gradigich
other mRNAs whose expression is also regulat%(gld 4.5 mi each of 40, 60. and 80 % Percoll ovav 2

at thg translational level d_ue to interactions Witcrose in 20 mM HEPES buffer pH 7.9 and 10 mM MgCl

proteins, e.g. rev protein in the human The pellet was considered to be of pure nucleas then

immunodeficiency virus (10, 14), polio virus (22 washed three times with a buffer (50 mM TRIS-HCI pH, 8
. - 0,

27), transferrin receptor mRNA (19, 34), the poly. ™M MgCh, 10 mM (-mercaptoethanol and 25%

A)-bindin roteins (5, 35, 40), and th glycerol). Finally, nuclei were resuspended in teshing

( . g p . ’ ! o S €huffer and stored as aliquots at -80°C.

translational repression due to activation of

nuclear kappa B by phosphorylated translatioduclei Transcription and RNA Isolation

initiation factor 2 (elF-2) (12). Global mRNA Nuclei transcription and RNA isolation were carrimat

: : : : described in Pramanit al, 1989 (30). Essentially,
translational repression is also mediated B SSSTORC (21) were resuspended in'5 vol (100

end0p|3}5mic stress (21). _ transcription cocktail (20 mM HEPES-KOH pH 7.9, Mm
In this report, we have reconstituted mMRNA®TP, 0.5 mM each GTP and CTP, M UTP, 50,Ci [o-

in vitro using legumin messenger RNA and cellP]-UTP, 1 mM dithiothreitol (DTT), 2.5 mM Mg acetat
free translation extracts from developing?® MM KCI. 2 mM creatine phosphate, Qug/mi creatine

- inase and 100 U human placental inhibitor) and the
embryos of alfalfa. We show that there is Faction was at 25°C for 1 h. Newly transcribed mRM#s

specific association between legumin RNA angyrified from the nuclei by adding 88y tRNA and then
proteins, which is related to the type and stage difiested with RNase-free DNasel g) for 1 h at 25°C,
embryo development. This relationship couldp!lowed by proteinase K digestion at 37°C for 1nhthe

: g L ._presence of 0.1% SDS and, finally, phenol:chlonofor
play a role in the post-transcriptional regl'”mlo'gxtraction and ethanol precipitation. Incorporatiaf

of storage protein synthesis. radioactivity and the quantity of RNA synthesizedreve
measured by cold-TCA-count precipitation.

MATERIALSAND METHODS DNA-Excess RNA Hybridization

The incorporation of?P-UTP into specific mMRNAs was
determined by DNA-excess (250 ng insert) RNA
] ] hybridization. The specific cDNA insert was deneatliby
Embryo Culture & Labelling of Proteins ~ boiling in 1XTE (10 mM TRIS-HCI pH 7.5, and 1 mM
Zygotic  Embryos Alfalfa  (Medicago  sativa EpPTA) for 10 min and rapid chiling on ice to avoid
L.)(cv.Excalibur) plants were grown in a growth e at  reannealing. It was then brought to hybridizationffér
25°C, 16/8 h light and dark cycle respectively. Fdoswvere  congitions (80% formamide, 0.4 M NaCl, 1 mM EDTA, 40
manually pollinated for embryo formation and thegr&/ mmv PIPES pH 6.4) and radiolabelled nuclear trapseri
collected at different stages of development (38} f synthesized for different times from various stagebryos
experiments. were added as a probe. The mixture was then alldeed
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hybridize at 42°C overnight, in a final reactionwmle of 50 isopropanol precipitation at -20°C overnight. The
ul. At the end of the hybridization, 300l chilled S1 transcribed RNA was recovered by repeated centtifuga
nuclease buffer (0.25 M NaCl, 3 mM Zn§CG0 mM Na followed by 70% ethanol washing. It was then digsdlin
acetate pH 4.5) was added. Non-hybridiZ&B-labelled water and the incorporated radioactivity was mesdbias
RNA and single-stranded cDNA were digested with 3x10cold TCA-precipitated counts in the presence of 1 m
U/ml S1 nuclease at 37°C for 60 min. This mixtureswaphosphate buffer, pH 7.2.

either separated on urea:acrylamide gel electr@simror

filtered directly onto Zeta-probe membrane (BioRad)Ultra Violet-Cross Linking Between mRNA and Protems
previously soaked with 5xSSC (1xSSC = 0.15 M NaCl anReconstituted Polysomes

0.015 M Na citrate), by using the dot blot appassatu A flow diagram illustrating the various steps ofeth
"Hybridot" (BRL Inc.). Each well was rinsed with ahet technique is given in Fig 1. Cell-free translatioxtracts
0.5 ml 5xSSC and vacuum dried. Finally, the membreae (100 pl containing 50ug protein) prepared from various
immersed into several volumes of 5xSSC to wash h#f t developmental stages of alfalfa embryos were inmdba
entire unincorporated and Si-digested radiolabelledith *?P-labelled (1.5-2.5xT) legumin mRNA (0.5 - 1.0
transcript by checking the counts of the washingsvas ng) at 30°C for 15 min in a 96-well tissue-cultptate. This
baked for 2 h at 80°C, washed again with 0.1% SD& amuick incubation period allowed the formation oftistion
0.1xSSC for 2 x 20 min at 60°C and then exposed tayX- complexes and polysomes. The reaction was stopped b

film (Kodak XRP) for autoradiography. placing on ice and ribosome movement arrested biyngd
50 pg/ml cycloheximide. Samples were then irradiateth wi
Preparation of Cell-free extracts for iitro translation UV light at 2°C for 10 min in a closed chamber wéh

Various stages of embryos were used for the prépara incident dose of 40g@V/cn? (37) using a mineralight lamp
of cell-free translational extracts fam vitro reconstitution model r52-G (Ultraviolet Products Inc, San Gabri¢gA).
of polysomes. The methodology described by Pramamik UV-irradiated samples were further incubated atC376r
Bag, 1989 (30) was used. In short, embryos were@eh8h 30 min with a nuclease cocktail (micrococcal nuséga
times with chilled buffer containing 0.15 M NaCl, 28M RNase A and T1) to remove the non-crosslinked region
HEPES-KOH (pH 7.5) and 10 mM DTT and thenmRNA. It was brought to Laemmli's, 1970 (23) buffer
resuspended in 3 vol hypotonic buffer containingmi®  conditions and then cross-linked mRNP-proteins were
HEPES-KOH (pH 7.5), 1 mM DTT, 0.5 mM spermine, 15separated by SDS-PAGE (12% gel). After electropsiere
mM KCI, 1.5 mM Mg acetate and homogenized in a Duallthe gel was incubated for 30 - 60 min at 85°C wi@¥0l
ground glass homogenizer. The homogenate waCA and 10 mM phosphoric acid to remove the
centrifuged at 30,000xg for 20 min and the supemtaivas unincorporated or small fragments ¥P-mRNA. Cross-
passed through a column (15 x 1 cm) containing separlinked proteins trapped witffP-labelled mRNA were made
Sephadex G-25 equilibrated with 25 mM HEPES-KOH (pHiisible by autoradiography of the gels using Ko&aR or
7.5), 120 mM KCI, 1.5 mM Mg acetate, and 1 mM DTT.XRP film.
The column was eluted with the same buffer andectdd
as 200yl fractions. Those showing the highestgf\(i.e., Sucrose Density Gradient Analysis of Reconstituted
polysomal and initiation complexes) were pooledetbgr Polysomes
for in vitro translation. The sedimentation profile of?P-labelled legumin

Endogenous mRNA-free translational extracts werenRNA in the reconstituted polysomes made from tek-
prepared by treatment with micrococcal-nucleas@0B4l  translation extracts of developing alfalfa embry(see
cell-free extract was incubated with 25 U micro@cc previous section) was measured after sucrose gensit
nuclease (Pharmacia) in the presence of 0.3 mM £&Cl gradient separation. In this ass&ip-labelled reconstituted
mM Mg acetate, 2 mM DTT, 100 mM K acetate, 0.2 mMpolysomes were layered over a 10 - 40% sucroseitdens
GTP, 1 mM ATP, 15 mM creatine phosphatgigBcreatine gradient in 50 mM TRIS-HCI (pH 7.5), 100 mM NacCl, and
kinase, 1QuM each 19 amino acids (except methionine) in & mM MgChL which was then centrifuged in an SW 41 rotor
final volume of 200ul. After 10 min incubation at 20°C, (Beckman) at 100,000xg for 3.5 h at 2°C. At the efd o
nuclease activity was stopped by adding 0.6 mM EGTAcentrifugation, each gradient was collected as b

The final preparation was stored at -80°C as algjuot fractions. The cold TCA-precipitabl&P-labelled legumin
mRNA was counted in each fraction. Fractions 17 6,10,
In Vitro Transcription and 11 - 20 were considered as mRNP, monosomes and

The legumin cDNA (11S) insert was purified from thesmall polysomes, and large polysomes, respectively.
pea legumin clone pCD43 and then placed under theato
of a dual promoter (T7 and SP6) in plasmid pSPT18 RESULTSAND DISCUSSION
(Pharmacia). This newly constructed plasmid wagl dee
in vitro transcription reactions as per the procedure
described by the supplier. A typical 20reaction mixture L . .
contained 41l 5 x transcription buffer (200 mM TRIS-HCI RNA Synthesis in Isolated Nuclei of Developing
pH 7.9, 30 mM MgGJ, 10 mM spermidine, 50 mM NacCl), Embryos
?;’?pml\g ET,\TA ZL?Tg RS'\é)aS'g; 1[0(;92’]' S?g‘ ‘(Jf ATF’E %ES}; Previously we observed that storage protein
, 0.5 , uCi [a-P]- sp ac ; ; ;
puCi/mM) and 20 U of T7 RNA polymerase. The reactionmRNAS are present d.urmg the entire period of
was incubated at 37°C for 1 h. The newly transcribegeve'm)ment in somatic embryos of alfalfa, and
mRNA was purified from the template plasmid DNA byin  the cotyledonary stages of zygotic
incubating with RNase-free DNase | in the preserfcé0o embryogenesis (33)_ The steady-state message
ug IRNA at 37°C for 30 min. The mixture was incubatetontent increases only during expansion of the
further at 37°C for 30 min with proteinase K and%.$DS. cotyledons when messages are recruited by the

Finally, it was extracted with a phenol:chlorofomixture ) .
and chloroform alone. The aqueous layer was used f@Olysomes for protein synthesis. However, these
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MRNAs are not recruited into the polysomesuclei extracted from embryos at various stages
during the pre-cotyledonary (mixture of globulaof development was incubated in &m vitro

and heart) stages of somatic embryogenesis litdnscription system, a lag period of
are sequestered in the non-polysomal fraction incorporation of 15 min was noticed.
the form of mMRNP-complexes. The messages cémmediately after that, there was a more or less
be translatedin vitro upon deproteinization, linear incorporation of acid-precipitabiéP-UTP
either in a wheat germ extract or a rabbitor a further 30 min, followed by a steady-state
reticulocyte system (33). The cytoplasmic norrate except in the nuclei preparations from
polysomal mRNAs from pre-cotyledonary stagsomatic d 3 and 5 embryos which showed a more
somatic embryos are associated with a special $ieear transcription rate for almost 120 min. The
of proteins which are absent from the mRNAs afiuclei from fully-expanded cotyledons of
polysomal origin (31). These proteins mayomatic (d 10) or zygotic (stage VI - VII)
control the selective recognization andmbryos showed a slower rate of transcription
modulation of the expression of specific mMRNAsthan those of pre-cotyledonary stage, d 3 and 5,
Our previous observations do not explaigsomatics. At the late cotyledonary stages of
whether the non-translated storage protesomatic embryogenesis (d 14 and 16) there was a
MRNAs present in the pre-cotyledonary somatiower rate of transcription. A very poor rate of
embryos are in transit from the nucleus to theanscription was also noted for very early (d 0)
polysomes, are excess mMRNAs in equilibriusomatic embryos (globular stage). The
with the polysomes, or are mRNAs masked btranscription rate of leaf nuclei was almost the
regulatory  proteins  which inhibit their same as that of d 14 - 16 somatic embryos (Fig.
recruitment into polysomes. We first tested thesd).
possibilities using the kinetics of nucleal
transcription followed by DNA-excess dot-blot
hybridization.

pSPT-18
-Transcription

Reaction Mix
+RTPs +PUTP

2]
sy
S50

oy

12| B

BT agpids i 3° ¥p mRNA

acid-pracipitable counts x10-4
oo

Add Cell-free Translation o s
Extracts and Incubate for o 16 a0 fi d:a. ;2 o
e i )] inutes of incubation
o moan. alamnasic el
e g & Figure 2. Kinetics of transcription in isolated nuclei from
1 Expose to UV developing somatic and zygotic embryos and fronf lea
Ao BOo . R0 . 80 tissue.
LA e%%| : Nuclei (1x16) suspended in 10Ql transcription cocktail
I Digest with RNase and were used for the transcription reaction. At diéfer time
Dissolve in Laemmli's buffer intervals 5ul were withdrawn from the reaction mixture,
f’oo‘.%. spotted on Whatman 541 filter paper, and then T@d-
SDS-PAGE Analysis precipitable radioactivity was measured. _
The rate of transcription seemed to vary with

the composition of the medium to which the
- == e R somatic embryos were transferred and the
=== == developmental age of the embryo. An accelerated
rate of transcription occurred from d 3 - 5 (Fig.
2) after the embryos were transferred from
( & :Ribosome; @m :mRNP and RNA-binding proteins) _ SUSPeNsion culture medium (B5G) to a hormone-
gure 1. A summary of the technique ofn vitFrIo free .BOiZY medium, which supported the
reconstitution of legumin mMRNA and proteins in thelc formatlon a_nd development of the (_embryo_s._The
free translation extracts. Boi2Y medium promoted cellular differentiation
and the formation of viable embryos, thereby,
The rates of nuclear transcription at differenénhancing transcription. Yetn vivo, the 11S
stages of alfalfa embryo development are shownRNAs, although present, were not translated at
in Fig 2. When an equal number (1RL®f this stage of development (33).
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The poorer rat of transcription at the later stagéscubation and total®*P-labelled RNA was
of development, when the cotyledons were fullpurified. This was then used as a probe for
expanded, was probably due to the aging amgybridization against a pea legumin (11S) cDNA
maturity of the embryos, when most of thensert (pCD 43 cDNA). A parallel experiment
transcriptional machineries became inactive.  was also conducted in which hybridizationiof
vitro transcripts was against either soybean actin
Analysis of Legumin (11S)-Specific mMRNA durin@SAc 43) or ribosomal RNA (pGMrl) gene
Transcription in Isolated Nuclei by DNA Excessnserts. After hybridization, dot blots were
RNA Hybridization scanned with a gel scanner (Hoeffer Scientific
Newly synthesized®®P-labelled transcripts Instruments) and absorption plotted as a bar
were withdrawn from then vitro transcription diagram, using relative units of absorption (Fig.
system at different times from the start oB).
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Figure 3. Expression of legumin (11S, medicagin) storagegmpactin and ribosomal RNA in developing somatid zygotic embryos,
roots and leaves.

Detection of individual mMRNAs was measured by DN#&@ss RNA hybridization as described in Materialdvi@thods. Kinetics of the
hybridization plotted in the form of bar diagramings incubation period, min (x-axis) against therswd area of the incorporated
radioactivity in the dot blot, in arbitrary unit-@xis). D: day; Z(E): zygotic (embryos); SE: sornaimbryos (0, 3, 10 etc., number of d of
development); Stgstage of zygotic embryos development; Ac: actifjADribosomal cDNA.
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The legumin (Fig. 3 A & B) and the control0.5 pg/ml a-amanitin (Fig. 3E), a fungal cyclic
actin Fig.3 (C & D) mRNA were transcribed bypeptide which inhibits RNA polymerase |
isolated nuclei from both somatic and zygoti@activity at low concentrations, without interfering
embryos during their development. However, ththe RNA polymerase Il (18). Thus, transcription
legumin mMRNA was barely detectable in nucleof ribosomal RNA genes occurred in the
from either the leaf or the root using low-presence ofi-amanitin during the incubation of
stringency washing, and not at all in these fronsolated nuclei using a preparation from 10-d
pre-cotyledonary-stage somatic embryos (d O - 3pmatic embryos. a-Amanitin  considerably
nuclei. Actin mRNA was detectable in nucleidiminished synthesis of the legumin and actin
from the leaf and root, more predominantly in thenRNAs; this is an indication of the fidelity of the
former, and also in both embryo types. The sligh vitro transcription system.
appearance of legumin mMmRNAs in nuclear Transcription of legumin mRNA during
transcripts from either the leaf or root could beomatic embryogenesis occurred immediately
due to non-specific binding of the probe whiclafter the onset of cotyledon formation, which was
was not eliminated by low-stringency washing. from d 5 onwards (Fig. 3). At this stage, the

Using northern blot analysis and highdegumin mRNAs were recruited into polysomes
stringency washing, no steady-state legumiand synthesized the corresponding storage
MRNA was detected in either the leaf or rogprotein. This process continued as long as the
tissue, but remained present on blots frorootyledons underwent expansion (to d 14) and
zygotic and somatic embryos. On the other hanthen declined as the embryos reached maturity (d
actin mRNA was detected in both leaf and rod6) (33).
tissue even after high-stringency washing (Fig 4). By comparing legumin transcription between

legumin developing somatic and zygotic embryos, there is
R 3 a strong indication that zygotic embryos always

| support more transcription than the somatics.

L Stage VI zygotic embryos showed the maximum

of legumin transcription, followed by a decline at
later stages. On the other hand, in somatic
embryos the legumin mRNAs started to be
transcribed on d 5 and onwards, reaching the
highest transcription at d 14, before starting to

g = = o= & w @ decline (Fig 3). The poorer legumin transcription
L o2 S o = = © o3 in somatic embryos could be due to the
N N NN®®® o o n 2 2 composition of the medium in which they were

actin allowed to differentiate. This is presumably less
stimulatory for the completion of embryogenesis
than the nutritional supply that zygotic embryos

. . received from their parent plant.
-
- . - ﬂ; . . In Vitro Reconstitution of Proteins with Legumin
oy . MRNA in mRNPs and Polysomes

' It was of interest to determine why the legumin
MRNA that was transcribed during the pre-
cotyledonary stages of somatic embryos
Figure 4. Steady-state mRNA analysis of developingdevelopment was not translatéd vivo. This
eAn'1blg'cc))i)gjlnv?/itrf]logztgelg;)glllc:dtelzhrl]JI?nuir?. cONA (pCD 43) could be due to an intrinsic property of the
clc;ne. B: Probed witﬁzP-Iabelleg soybean actir? genomicmessagef to defective tranSIatlon mathnery, ora
DNA (pSAc 43) clone. Lanes: Zygotic Embryos (ZE) -Combination of these. To ascertain which of these
stage IV / V, ZE - stage VI, ZE - stage VII, ZEtage VIIl, possibilities was most likely; an experiment
Somatic Embryos (SE) - 0 d, SE - 3d, SE-5d;38d, jnvolving in vitro reconstitution of MRNPs was
SE-14d, SE-16 d, leaf, root. carried out. Legumin message labelled with
. . . .was transcribed by placing a pea legumin cDNA
The synthesis by isolated nuclei from Zngt'§gCD43) insert under the control of T7 promoter,

and somatic embry_os_ (.)f Ie_gumln and actl make a sense strand, in the plasmid vector
MRNAs was largely inhibited in the presence o
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pSPT18 (Pharmacia). These mRNAs were thdrgure 5. The association of proteins and legumin mRNA
incubated separately with cell-free translationdlt® @n MRNP-complex using cell-free translationatacts

tract d f tvled g somatic and zygotic embryos of alfalféfP-labelled
extracts prepare rom pre-cotyledonary- an gumin mRNA was incubated with cell-free translatb

cotyledonary-stage = somatic embryos  angkiracts from developing zygotic and somatic embrgod
cotyledonary-stage zygotic embryos (details iexposed to UV to make covalent linkages between the
Materials and Methods). After translation wag'RNA and intimately-associated proteins. The resuit
underway (ie., immediately after the formatiofoTFIeX Y25 AGEsied.uith & nuceace codday
of polysomes, which took 10 - 15 min), thepagE.
reaction was stopped by adding 5@/ml
cycloheximide to arrest polysome movement, The UV-cross-linked proteins from pre-
and intimately-associated polysomal and norcotyledonary-stage somatic, cotyledonary-stage
polysomal and proteins were cross-linked bgomatic and zygotic embryos are shown. Proteins
UV-irradiation. from the extracts of cotyledonary-stage embryos
The legumin MRNA became UV-cross-linkedwhich cross-link with the mRNA are indicated
to several proteins in the cell-free translationdly the dark arrows and those from the pre-
extracts prepared from pre-cotyledonary- andotyledonary stage by the open arrows. Mol.
cotyledonary stage-somatic and zygotic embryanass markers in kD shown on the right of C.
(Fig 5). The greatest difference in the types of
proteins which cross-linked was between the pre- We determined if there is a relationship
cotyledonary-stage and  cotyledonary-stageetween the ability of legumin mRNA to be
somatic embryos with proteins of 32, 36 and 38anslated, and the activity of the cell-free
kD being very predominant in the latter, andranslated extracts from the zygotic embryos, and
those of 21 - 23, 28, 50, 55, and 62 kD beinthe somatic embryos at the two stages of
enriched in, or exclusive to, the former. Thaelevelopment. Legumin mRNA was incubated
proteins in the translational extracts ofwith cell-free-translational extracts in the
cotyledonary-stage  zygotic embryos whiclpresence of’S-methionine for various times, and
became cross-linked to the legumin  mRNAhe incorporation of label was measured in hot
included the most predominant ones in th&CA precipitates. The efficiency of legumin
cotyledonary-stage somatic embryos (36 - 3@8RNA utilization was least in pre-cotyledonary-
kD), but not those most evident in the prestage somatic embryos (SE - 0) compared to
cotyledonary-stage embryos or they were preserttyledonary-stage somatic (SE - 10) and zygotic
only faintly. Some of the faint bands on thgZE - VII) embryos (Table 1).
autoradiograph of the cotyledonary-stage zygotic

embryos were also present on that of th‘éable 1. Efficiency of legumin mRNA utilization by
tvled i fi various stages of cell-free-translation extractingus®s-
cotyledonary-stage somatics. methionine and measuring the hot TCA-precipitablent®

at different times of incubation.

=
E & 8 o ,
o= th L5 Incubation period SEO0 SE 10 ZEVII
1= &
- 3 8 [+ kD (min) (cpm/pl)
&
-200
30 909 2523 2706
- 92
60 756 2202 3411
- 68 90 821 2511 3250
43 120 661 2199 4184

100 ng of legumin MRNA was used for in vitro tratisia
in a reaction mixture of 5@l volume containing equal
amounts of Ag, cell-free-extracts. 1l was removed from
- 28 the reaction mixture at different times, spottedtoon
Whatman 541 filter paper and boiled for 20 min B2d
TCA. After boiling, filter papers were washed wabveral
volumes of 15 % TCA until the washings had a normal
background count. Finally, the filters were washeith
ethanol and acetone, and counted in toluene-ononiflSE
- 12 0 and 10: Somatic Embryos day 0 and 10; ZE VII: &gy
Embryos Stage VII).
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While it must remain a speculation at this
time, it is possible that defective translation ¢ 3%

808,
the legumin message during the pre-cotyledonz ; P ;:;ﬁllim:zl
stages of somatic embryogenesis is due to < 2507 ; ;ﬂ. T i
deficiency in the translationally-active legumin 8 |=— —= /A
message-binding protein complex. That is, the E 200 " |
and 38 kD proteins are required (and perhaps & :\Q J.f
kD), but are present only in the late™s 150} L AR ”
cotyledonary-stage embryos, when legumin g b 'i-\‘i/!-\ ,-~\f‘a \ / \\
synthesized. The presence of other mRN; § 100 \";H\\{/‘ AL¥ o
binding proteins (21 - 23, 28, 50, 55 and 62 kI E‘ ' \\,, . \f_, % -
might result in the masking of the legumir = 501 " ko
message, thus, forming free mRNP complex
and thereby preventing initiation of translation ¢ 0 '1' ' s : 10 3 '20'
the pre-cotyledonary stage of somatic embn Fraction Number 400 ul / Fraction

development. This 62 kD protein may be ou

previously reported (31) autophosphorylated 68gyre 6. Sedimentation profile of reconstituted legumin-
kD protein kinase C which might show a lowemRNA-containing polysomes in sucrose density gratsie
molecular mass on this gel could be due t§P-labelled legumin MRNA was incubated for a brief
normal small variations in the migrations off€rod (10 - 15 min) with cell-free translation et

roteins and markers durina ael electro horesisprepared from various stages of developing alfeifdryos
p 99 P to allow the formation of the initiation and polyse

AS_ develo_pment proceeds, the maskingomplexes and then analyzed on a 10 - 40% sucrose
proteins are either turned over and are no longegrdient. Centrifugation was for 3.5 h at 2°C at,000xg

present, or they cannot compete with newlin a Beckman SW 41 rotor. The sample was fractiahate
synthesized translationally-active legumi 0.5 ml / fraction) using an Autodensi-flow IIC giadt

. . maker (Buchler). Each fraction was plotted agairist t
mMRNA-binding proteins (32, 36 and 38 kD)imount of TCA- precipitablé®P-labelled legumin mRNA.

which positively regulate translation. SuclFractions 1 - 6, mRNP-complexes (region 1); 7 - 10
associations between proteins and storage protgipnosomes and small polysomes (region I1); 11 fa2ge
mRNAs during embryogenesis are a noveiolysomes (region Ill).
finding regardless of their cellular function. _

The translational extracts from both the
Sucrose Density Gradient Analysis of In-VitroCotyledonary-stage somatic and zygotic embryos
Reconstituted Legumin Polysomes allowed the formation of larger polysomes

As we noted in the reconstituted polysomafontaining legumin mRNA (region Il vitro,

experiments, that there is a variation in thwhereas the translational extract from the pre-
legumin MRNA binding proteins between pI,e_cotyledc.)nary somatic embryo's prevented this.
cotyledonary- and cotyledonary-stage embryoBather it enhanced the formatlon of monosomes
However, we do not know whether thes@nd small polysomes (region Il) and mRNPs (1)
differences in the binding of proteins to mRNACOMPared to the cotyledonary translational
allow for the formation of larger polysomes ofXtracts. , _
prevent the initiation of polysome formation. To 1hese findings are consistent with the
check this, the distribution 6fP-legumin mRNA Suggestion that there is discrimination in the
in the reconstituted polysomes made from celf€Cruitment of mRNAs into polysomes at
free-translational extracts was measured Hifferent stages of embryo development, with the
separation on a 10 - 40% sucrose densi gumin message being excluqled during the pre-
gradient. The distribution of acid-precipitablecOtyledonary stage of somatic embryogenesis.
radioactivity ¢%P-labelled legumin mRNA) in the Translational extracts prepared from' this stage
reconstituted polysomes showed three maj@feSumably lack some of the legumin mRNA-
peaks: free MRNP (fractions 1 - 6, region I) |nd|ng_ proteins which may be involved in
monosomes and small polysomes (fractions 7(tanslation in  cotyledonary-stage embryos.

10, region II), and a large polysomes (fraction¥Oréover, the pre-cotyledonary extracts may
11 - 20, region Ill) (Fig. 6). contain some regulatory proteins which bind to

the legumin mMRNA and negatively regulate its
translation. Such regulatory proteins were not
present in the reconstituted legumin mRNP-
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complexes made from cotyledonary translatiof. Brown, P.H., Daniels-McQueen, S., Walden, W.jriat
extracts of somatic or zygotic embryos (Fig. 5)1-M-. Gaffield, L., Bielser, D. and Thach, R.E,

. ’Requirements for the translational repression ofitiier
We have also reported that cell-free-translationg nscripts in wheatgerm extracts by a 90 KD profem

extracts prepared from pre-cotyledonary somatigbbit liver.J. Biol. Chem.1989, 264: 13383-13386.
embryos contain about 100-fold more protein. Cerny, R.E., Qi, Y., Aydt, C.M., Huang, S., ListelD.J.,
kinase activity as compared with those fron’faN%fl')g %-_J-v Coqn?rv T-XY-'t Sfct’sgalr“:; L. Ia”d Huaéxfg, J
H H H -dInding protein-meaiate ranslational repress
COtyl.edonary zygotic embryos.(31)' This kinas fansgene expression in plan®lant Mol. Biol, 2003,
activity could covalently modify some of thes,.357.69.
MRNA-binding proteins and, thereby, prevenio. Cochrane, AW., Chen, C.H. and Rosen, C.A.,. Specifi
their initiation. Discrimination in mMRNA interaction of the human immunodefficiency virlev

ilizati i i rotein with a structured region in tlEenv mRNA. Proc.
utilization in polysomal complexes is a commorﬁ’aﬂ_ Acad. Sci. USA900, 87, 1198-1202.

phenomenon in animal systems, but para”(?[ . David-Assael, O., Saul, H., Saul, V., Mizradbggri,
studies on plants are very rare, and none haye Berezin, I., Brook, E., andShaul, O., Expressin
addressed the association between potentialyMHX, an Arabidopsis vacuolar metal transportes, i
regulatory proteins and newly synthesizedjeli’trezst%esOI gg’ t1h09395'4l;”tran5|at6d region of its gérxp
mRNA.' In sea urchin egg anq as_cr[_es .Ce"$ (2% Deng: J., Lu, P.D., Zhang, Y., Scheuner, Dyfian,
there is a marked degree of discrimination in th 3 sonenberg, N., Harding, H.P. and Ron, D.,
utilization of specific mMRNAs by polysomes.Translational repression mediates activation of learc
These messages exist in the cytoplasm as frigetor kappa B by phosphorylated translation iridiat

9 19%?. Ernst, V. and Arnstein, H., Synthesisoondf globin

that a Slm”_ar S'tuf?mon can .occur durmgjirected by messenger ribonucleoprotein from rabbit
embryogenesis, _pamCUlarIy dur_mg the earlyeticulocytes Biochimica Biophysica Actd975, 378, 251-
stages of somatic embryogenesis and we hag9. _
started to identify the discriminatory factors int4. Gale Jr., M, Tan, S.L. and Katze, M.G., Thatnsnal

: : sleontrol of viral gene expression in eukaryotes. ietidology
the polysomal fraction which may be reSponSIbI%nd Molecular Biology Reviews, 2000, 64: 239-280.

for the selective recruitment of legumin MRNA; 5 Gamborg, O., Miller, R. and Ojima K., Nutrient

for translation. requirements of suspension cultures of soybean celis.
Exp. Cell Res1968, 50: 151-158.
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