\ ¢

has been proposed for the appearance of IRubiséo. For example. the Chlamydomonas- reinhardtu
ac 20 mmanvl la(;ks detectable Rubisco (80.209) vet POSSCSSCs wild-tvpe levels of pSSU mRNA
and at Jcast part of this mRNA is éssocxaxcd with the lrahslzmpngl machineny of the cell (144).
The lack 6( Rubisto accumulation would appear 10 be a consequence of the failure of plasm}s
to svnthesize 1L.SU csécmial for Rubisco z‘isscmbl_\’. In addition, the report of Silverthorne and
Ellis (184) and the research conducied on a nuclear gcné mulahl ol Petunta hybrida (50) which
cmpléyed a cDNA probe to measure levels of LSU mRNA‘bmh suggest that changes in the
synthesis of LSQ reflect fluctuations m the levél of Lranslalaplc mRNA for this subunit.

Taking both‘ of these observations into consideration, it is not Surprising.lhal in the case
of ;hxs M. pSSU can be rcadll\ detected dnd 1mmunoprccxplaled from the n witro translation
producfs directed b) either poly(A) RNA or polysomal mRNA using cuhcr wheat gcrm-
(Fig. 19 and 20) or reuculoulc lvsate (Fxg 21) as the cell-free protein syathesis system. The

' very low l;:vels of Rubisco reported egirller (12_106). Pafl;cularl)' in4dM sccdli'ng.s, can‘ bc
ex;lainedbt-):\' the failur‘e of plastids to syﬁlhcsizc wildl-lypc' —lcvcls of L.SU. This asscssmerit is
supported by the e§id_encé that little LSU mRNA appears to be é‘s’so_cialcd with polysomes at 4 d
of ,develépment '(»Fig‘. 21, l;ne 5). Any pSSU ;)}nthesized in excess of LSU available .would.
présuméb}y be proleolvticailv degrade'd‘ | ’

~ The failure’ to observe w1ld type levels 'of LSU produced by in vitro 1ranslanon of
polvsomal RNA could arxsc enher because the LSU mRNA is lranscnbcd al very low levels in

M plasuds or, alternauvely because 7OS nbosome% make only a necgligible eonttibution towards

M po]vsomal profiles at 4 d of devclopmcm Unfortunately, neither possxb:l_ny is. mutually

!

exclusxve Thal is, transcnpuonal,dlmculues within the plas"‘tid may not ohly affect the

’

populalion of mRNA (in‘cluq)ing LSy mRNA)'bur might very well affect the levels of IRNA

and TRNA available for organellar protcin"s}:mhesis. Reduced levels of TRNA would lcad to an
inevitable reduction in 7OSrribosomcSé\'ailable for polysome asscmrbly. Even il tTRNA were

singularly affcctcgl, unless 1.SUM mRNA could -become associated with 70S polyson{cs the

2

.accurnuldtion of this suburnit would most"t'crlainl)' be reduced.

- 1 . s
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As coupling of the synthesis of pSSU and pS/L } have bcen\p oposed, a shghtly reduced
amoun’t of lranslalablc pSSU mRNA in the M is not uncxpcclcd Thl\ somcwhat reduced
gquantity of pSSU represented among 4 d M un vltro translation prodults is suggested by
\ polyv(A) RNA direcled products of wheat germ (Fig. 19Aand 20. lanes 3) and reticulocyte lysate
(}-ig, 21, lanes 3Aand 7). P—urthcrm‘orc_ immunoprecipitation of pSSU - synthesized by a
reticulocyte lvsate cell-free sysicm shown in Figure 21 supports this observation. However,
Figure 21 also provides cvidence that M polysomes synthesize pSSU despite lhc4 poor translation
of LSU, suggesting that the svnthesis of these two subunits is not tightly coupled in the M. A
disadvantage realized by in vitro translation and subsequem 1mmun0precxpuanon 18 thal‘
quanuﬁcauon of mcssagcs is ot possible nor is this approach as sensitive or as conclusive as
resulls provided by RNA- I)NA hybridization studies. While a cDNA probe for pSSU mRNA
would be useful in measuring the magnitude of the dnfference in quantities of this message
present in the N and M, lhe question of whether or not transcription of rbcl proceeds at
wild-gype levels would best be addressed using a suitable cDNA probe for LSU mRNA.
Althcugh the very d‘istin'ct' pale-green phenotype of light-grown M Seedlings provides a

striking contrast to the N, the mutation is expressed even in dark-grown plants which are
phgnotypically very similar‘. Distinct features of etiolated M seedlings ipcludé reduced levels of
protochlorophyllide (127), abnormal etioplast ultrastructure (106) and a quantilalive
\diﬂ"crcncc found between polvsomal profiles of etidlated N '_and M tissue shown in Figures 10 ,
, and 11. Polysomal profiles of 4 d etiolated M seedlings are distinguished by the lack of & peak
found in comparable N prof iles. This peak, as described in "Resulfs Andz-Discussion", is very
likely to be identified with 70S ribosorﬁes.
‘Unfortunately. a number of posgibilitigs couid be émeuained in attempting to explain .
the apparent reduction in 70S ribosomes. Research pliblished by uMels and Bogorad (139)
dcmon;lratcd that mutations can arise in either the .cymplasmic or organellar-sf'nthesizéd |
| components of -riboscmes. Concéivably, such mulalions“ could lead to 70, ribosome assembly
pioblems. Low carotenoid. levels have been imp]\icaled in cal{sing the. premature

-
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photo-destruction of newly formed 70S ribosomes in the ngring o' barley mutant (99).
Another possibility lhai has been explored is that the activity of chLoroplast DNA kjcpcndcnl
RNA" polvmecrase may be a primnrxl cause i reducing 708 ribosomes by preventing the
transcription of plaslid TRNA. However, results using heat - treated 708 ribosome-less seedhngs
(33) and the plastid ribosome deficient albostrians mutant of 'barlcl\ (183) show that RNA
polymerase activity is not markedly affected in cither of these plants. These results do serve to
substantiate the nuclear location of synthesis for this enzyme as: o‘riginall‘_v proposcd, using
inhibitor studies (65). Due to the complicated interdépendence between the aclivi;iés of the
nuclear and plastid genomes, as seen even in rates oi’ plastid transcription, the actual cause of
the absence 70S ribosomes. either by physiological heat-treatment or by mutation remains an
enigma. ! | .

In the case of this virescens mutant, it is difficult to rcso‘l‘vc whether or not the reduced
quantity of 70S ribosomes is an additional symptom of the nuclear mutation or a direct
consequence of the lesion. Furthermore, as 70S ribosc;mes are required for the synthesis of
many of their ribosomal proteins, a reduced; protein-synthesizing capacity of plastids would be )
accentuated if the demand for hn%o?e plastid products arosc, which might very well occur durigg
early stages‘of chioroplast biogenesis.

A previous study analyzing ribosomal components of the N and M barley (113) led to
the suggestion. that the M may noi be as competent as the N in lcrms> of " cyloplasmic
‘tganélalional cap-acity. However, comparison of 4 d N z_md M polysomal profiles (Fig. ¥)
sugg‘es'ts‘- that polyribosome formation in the M is appérently unaffected. However, it is not
advisable io extrapol;tg in vivo rates of protein synthesis from such profiles without considering -
estimates of in vivo rates of translation initiation. clongataion arld termination (55). Thesc
estimates are not accounted for by the simple rates or peroghtages expressing i)ol)-‘somal
aggregation presented in Table i\'. Ferhaps one of the very fcw‘dctai\lcd reports with respect 1o

estimates of in vivo protein synthesis was published by Baumgarte! and Howell (15) using

Chlamydoménas reinhardtii. These authors were able to estimate rates of translation initiation

[
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and clonganon k%f pulsc labelling the nascent polypeptide chains associated with polysomes. In

this m#&nner the authors were able to obtain more reliable estimates of the 1 vive tate of protein

/ . ) . N . . .
svnthesis than those determined by measuring the uptake and incorporation of a radioactive

L4 .

amino acid. This report showed thal pol_vsomc aggregation in this organism is largely a function
’of’ rates of polvpeptide injlian‘on. While initiation is a primary regulator of translation, rates of
clongation were found to plav only a minor Vrolc. However, as Chlamydomonas rejmhardm
brovides a rather advantageous organism to conduct pulse-labelling expérimems_ it is not
sx;rprising l.ha( few studies of this natu'rc; have been attempted for higher plants.

Mosinger and Schopfer (148) were able I-O show that exposure bf dark-érown seedlings

:

to light resulted in é considerable aggregaliop of polysomes accompanied by the concomittant
recruitment of newly transcribed mRNA. By comparing the profiles of 4 d etiolated seedlings
(Fig. 10) to those' of light grown material (Fig. 8), it is evident thiat the response of the N to
light, as seen by the aggregation of polysomes, is also'feai'ured in M profiles. Furthermore,
extraction and in vitro translat.ion of poly'somél RNA demorftrates that translatable mRNA is
indeed associated with ribosomés in the M and the N. However, there is no unequivocable
evidence 1o contend that the actual fates of in vivo protein synthesis are equal or, in fact,
different between N and M seedlings. Perhap§ th_e most -judicious interpretation of the

polysomal profiles depicted in Figures 8 to 11 and the ratios tabulated in Table IV is that the M

responds to light by enhanced polysome aggregation and it would appear that the M is

well-equipped to conduct cytoplasmic protein synthesis. However, the protein symhesizing“

capacily appears to be reduced in young, M seedlings by a decreased complement of 70S

ribosomes.

-~

A possibility that should be raised is thdt the import of metabolites across the M plastid
membranes may be impaired. Metabolites that are transported across the chloroplast-membrane

include amino acids, sugars and polypeptides. The recent report of two mitochondrial protein

’

transport mutants of veast (236) suggests that conditional mutants of this nature could also

give rise to pleiotropic effects. The temporal recovery made by this mutant would be construed

.
o
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as 2 "funneling” effect with the accumulation of building materials mhin thf\ch’]‘oroplast being
instrumental towards the. eventual recovery of chloroplast function. -}j(}ycvcr. there 18 no
e : bz
specific evidence presented by this study that would support or, indeed. crclude this

explanation. Evaluation of plastid envelope transport functions is complicated by the

difficulties encountered in purifving intact barley plastids.
“

AN . 3
An observation raised in the carlier part of this discussion is that (i varro translation of

N and M poly(A) RNA did not revcal any qualitali;;c differences between l‘hc brpducls
synthesized. However, concerns have already been addressed in the "Results and 'I)isc‘uss.i,on"
regarding l‘hc‘,ﬂreliability of in vitro sysler‘ris‘;n responding to exogenously added mcs.;age.x. The
prefcremial initiation of certain messages such as LHCP mRNA (l.%l) serves o underscore {hc
caution that shou-ld be exercised in rﬁaking quantitativg judgements from wlhcat germ ‘gcncralcd
polypeptide .profiles. Howewex, it is hoped that any factors which woul!havc affccl;:d ‘fn wm;
translation of N products would have similarly affected those of the M. Furthermore, for the
wheat germ assay system, comparisons made for any particular product across lanes might be
safer than quantitative evaluations m.adé for differeng pdl)’peplides wil'hin‘any given lane.

The selective nature of the wheat germ system is shown by the apparent .inability of this
system to synthesize LSU as shown by corﬁparing"lanes 4 and 5 in Figure 19. Also, while L.SU

may be readily identified and immunoprecipi;aled from among reticulocyte lysate produ"éls

(Fig. 21, lane 2) rio cbmparablc immunoprecipitate is detected from wheat germm prbdu;ts

directed by a ‘similar source &f RNA (Fig. 19, lane 6). The fact that both systems arc .

eukaryotic in nature excludes the argument of difficulties nengend’ercd by prokaryotic-cukaryotic

translation barriers as originally proposed by Bottomley er al. (26). More recently, Lerbs ef al.

(123) provide evidence that some batches of wheat germ can be used to succcsshﬂly translate
chloroplast m}{NA from spinach, Nicotiana and Euglena but only in the abscnce of

cytoplasmic mRNA. They report that even minor levels of cytoplasmic mRNA appear to

suppress the synthesis of chloroplast mRNA -encoded products. These obscrvations- help to

reconcile the differing and rather contradictory opinions expressed about:the value of wheat

N



gc@or ch“loroplas[ and cytoplasmic mRNA studies (48,162).
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