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DNA polymerase activity of tomato {ruit chromoplasts
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DINA polymerise activity was measured in chromuoplists of ripening tomato fraits, Plstids isolated from young leives or mature red fruits showed

similar DNA polymierase activities, The same enzyme speviex wats present in cither ¢hloroplasts or chromoplasts s judgted by pif and temperiture

profiles, sensitivities towards dillerent inhibitors and relative molecular mass (4 88 KDa) The activities anulyzed showed the typical behaviour

of plastid-type polymerases. The results presented hiere suggest that chromoplasts maintiin their DNA synthesis patential in fiuit tissie at chivro-

plast levels, Consequently, the sharp deerease of the plastid chiromosome teanseription abserved at the onset of fruit ripening could not be due
(o limitations in the availabitity of template molecules, Other mechanisms must be involved in dse inhibiiion of civomoplust RNA synthesis,

DDNA polymerase; Chromoplast: Plastid gene expression; Frait vipening: Tonto; Lycopersicon exetdentiom

1. INTRORDUCTION

The ripening process in tomato fruits is characterized
by the disappearance of chloroplasts (cp) and the for-
mation of non-photosynthetic chromoplasts (er). Cr
differentiation involves a number of morphological and
biochemical changes, including starch degradation,
breakdown of chlorophyll ond thylakoid membranes,
and synthesis and accumulation of carotenoids [1]. In
addition, photosynthetic proteins and their correspond-
ing mRNAs are absent or greatly diminished [2,3].
These changes in the patterns of gene expression are not
due to major recombinational arrangements of the pt
genome, since restriction patterns of cp- and ¢rDNAs
are identical in tomato [2,4,5], and other species [6,7].

Two different processes contribute to regulate gene
expression during chromoplast biogenesis: (a) an
overall decrease (5-10-fold) of the transcriptional ac-
tivity of chromoplasts as compared to chloroplasts
({8,9], Marano and Carrillo, unpublished), that affects
most plastid genes to the same extent [10] and (b) a
specific impairment in the expression of individual
genes in non-photosynthetic plastids, a phenomenon
that has been attributed to transcription initiation [9],
transcript processing and/or stability [8,10] and
translational control [11].
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MES, 2-(N-morpholino) ethanosulfonic acid; MOPS, 3-(NV-
mor folino)propanesulfonic acid.
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Variation in DNA content might influence the former
activity (overall transcription rate), particularly if
plastid transcription is template limited. The amount of
DNA in the organclle varies considerably among dif-
ferent tissues [12] although no clear correlation could
be established between the number of DNA molecules
and gene expression of the plastid [8,13]. On the other
hand, little is known concerning DNA replication in
non-photosynthetic plastids. A chloroplast DNA
polymerase has been isolated from pea leaves [14]. The
enzymes from pea, petunia and maize chloroplasts are
monomeric proteins of about 90 kDa which show
replicase activity in vitro with ¢pDNA templates that
contain putative replication origins [15-17].

In the present paper, we have measured DNA
polymerase activity in red fruit chromoplasts and found
that it did not differ significantly from the correspond-
ing leaf chloroplast level. We also report some struc-
tural and kinetic properties of the chromoplast enzyme.

2. MATERIALS AND METHODS

2.1. Plastid Isolation

Tomato (Lycopersicon esculentum L. cv Platense) plants were
grown under greenhouse conditions without additional light and
temperatures between 20 and 25°C. Young leaves (1-1.5 cm) from 30
day old plants and fully ripened red fruits were used throughout the
experiments, About 300 g of pericarp tissue or 100 g of leaves were
sterilized with 80% ethanol, extensively washed with ice-cold sterile
distilled water and finally homogenized with a polytron in a grinding
medium containing 50 mM Tris-HC! pH 8.0, 0.4 M sucrose, 1| mM
EDTA, 1 mM 2-mercaptoethanol, 2 mM sodium ascorbate and 0.3%
w/v polyvinylpyrrolidone, Homogenates were filtered through 4
layers of cheesecloth and two Jayers of miracloth and then centrifuged
for 15 min at 3000 x g. Pellets were resuspencled in a small volume
of grinding medium and subjected to discontinuous sucrose gradient
centrifugation. The procedure of Bathgate et.al. [18] was used for
chloroplasts and that of Camara et al. [19] for chromoplasts. In both
cases, plastid bands were collected from the lower sucrose interphases
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aldd diluted 1o 0.8 M surose by the slow stddition of SO M T HC)
pH 7.8, Plastidy were collected by centrifugation (10 min at 2500 =
g)oand Gually tesuspended i a smadl votume of grinding medivm,
Cytochrome v oxidase activity [20) was dess than 0.03 L7107 plastids,
indivating that the preparations were Largely free of contaminating
mitochondeia, Al previous manipulations were carried ow at 4°C,
Vlastid conventiitions were determined by caunting on a modificd
Neubauer cameri,

DNA content in plastids was estimated csseatially as deseribed by
daumgartner et al, [13}, using dot blot hybridization of ¢rude plastid
DNA preparations with tabaceo chloroplast fragment Psil-3 (217,
which is well conserved in tomuto (5),

LI DNA polyimerase assay

Polymerase activity was assayed essentially as deseribed in (17), us-
ing 5 pl of the plastid extracts ny enzyme source and § pg of either
DiNAse-uctiviited salmon sperm DNA ar plasi.id pZmciicox (17) as
template. Acid insoluble radioactivity was determined aceording to
Tewari [22]. When measuring the effect of pH on the activity, the
siutne reaction medivm was employed, exeept that the Tris huffer used
in the normal assay (50 M, pH 7.6) was replaced by a niixture of 20
mM cach of MES, MOPS and Trix, The pl was varied between 8.8
anad 2.4, without changing the ¢hemical nature of the buffers.

2.3, Analtvtical procedures

The polypepticde composition of chloro- or chromoplist lysates was
determined by polyacrylamide gel electraphoresis {23). Separating
gels used for activity staining {24) contained 150 pg/ml of activated
DNA. Preparation of the samples and conditions for electrophoresis
and DNA polymerase stuining were essentially those of ref. [17]. Ran-
dom primer labeling [25) of £sr1-3 and hybridizations [26] were car-
ried out following published procedures.

2.4, Materials

Activated salmon sperm DNA was prepared according to Tewari
[22]. {a-"?P)JJATP was from New England Nuclear (Ducilo, Argen-
tina) and nitrocellulose (0.45 wm) from Amersham (ERM, Argen-
tind). All other reagents were of analytical grade.

3. RESULTS

3.1. Plastid DNA polymerase activity

The DNA replication capacity of plastids isolated
from tomato leaves and mature red fruits was estimated
by measuring DNA polymerase activity of plastid
lysates. Table 1 shows polymerase activity of
chromoplast extracts as compared to chloroplasts. As
reported by McKown and Tewari [14], plastid lysates

Table 1

DNA polymerase activity in plastids of tomato young leaves and
mature red fruits

dNMP incorporated”

Plastid type

(pmol)

Endogenous Activated DNA

template® template®
Chloroplasts 0.12 = 0.01 0.30 % 0.01
Chromoplasts 0.10 = 0.01 0.28 + 0.01

8Nucleotides incorporated by 107 plastidz during 30 min of reaction.

Average of 6 experiments. "DNA polymerase activity was assayed as

described in section 2, omitting the addition of DiNAse-activated

salmon sperm DNA. “Endogenous ptDNA was eliminated as describ-

ed by McKown and Tewari {14] until activity of the extracts in the

absence of endogenous template was negligible. DNA synthesis was
then assayed using S pg of activated salmon sperm.
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show considerable endogenous agtivity, which was con-
sidered unsuitable for comparison purposes due to
uncertaintics about the amount of ptDNA templates.
After degradation of endogenous DNA [14) the repair
activity of the extracts was assayed using DNAse-
treated salmon sperm DNA as template (Table D, Inad-
dition, chiromoplast lysates were able to replicate on
native plasnid pZmeEcox (data not shown), whicl con-
tains a putative replication origin for maize cpDNA and
is a preferred template for in vitro DNA syathesis by
both pea and maize cpDNA polymierase [15,17].
Polymerase activity with both endogenous and ex-
ogenous substrates was high in chromoplasts (Table D,
The results indicate that chromoplasts, although show-
ing lov. transcription rates when compared to leaf
chloroplasts [8,9], keep their DNA synthesis potential
at chloropiast levels,

Relative amounts of DNA per plastid, measured by
dot blot hybridization with tobacco chloroplast Psel-3
fragment [21] as probe, did not c¢hange significantly
between leaf chloroplast, green fruit chloroplasts and
mature red f{ruit chromoplasts  (data not shown),
although more carcful experiments will be necessary to
estimate the absolute average number of copies per
plastid or cell.

3.2. Compuarison of plastid DNA polymerases

Although the overall replication activity is virtually
unchanged in fruit plastids, the possibility remains open
that an altered or completely different enzyme is syn-
thesized in fruits. In addition, possible contaminating
activities from nuclear and/or mitochondrial origins
must be ruled out to reach sound conclusions. To test
for these possibilities we further characterized the
chromoplast DNA polymerase and compared its
catalytic and structural properties with those of the
chloroplast enzyme. The polymerases from both
sources showed broad pH optima (between pH 7.5 and
8.5, Fig. 1A) in good agreement with previous reports
[14]. Under standard conditions (pH 7.6) the maximal
activity was obtained at 30°C (Fig. 1B). Above ihat
temperature the enzymes were progressively denatured
in an irreversible way (data not shown).

The polymerases were highly sensitive to N-
ethylmaleimide and araCTP. Ethanol and ethidium
bromide were also strong inhibitors, Aphidicolin, on
the other hand, had no effect on the enzyme activity,
and ddTTP, when used at a 1:1 molar ratio with respect
to dTTP, was a rather poor inhibitor (Table II). The
previous results agree well with the general properties
reported for plastid-type DNA polymerases [14,16,17].

Activity staining of polyacrylamide gels was used to
estimate the molecular mass of the polymerases con-
tained in both plastid lysates [26]. This method allows
determination of individual proteins in crude extracts,
provided that the catalytic activity is confined to
monomeric subunits which can be renatured after SDS
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Fig. l pH (A) and temperature (B) profrles of the DNA polymerase activities from tomato plasnd lysates In (A) the reaction medium contained
a mixture of 20 mM each of MES, MOPS and Tris and the pH was varied between 5.0 and 9.0. In (B) the reaction medium was 50 mM Tris-HCl
‘ pH 7.6. All other expenmental conditions are defcnbed in section 2, ( o-a-) chloroplasts (- @ -m-) chromoplasts:

‘el‘ectrophores‘is. A single DNA polymerase band fulfill-

ing‘ the previous conditions was identified in crude ex-
tracts from either chloroplasts or chromoplasts (Fig.
2A). In both cases the relative molecular mass was 88
kDA (Fig. 2B), which is in the range of prevrously
reported values [14 16, 17] :

4. DISCUSSION

Fruit maturation involves, among several other

changes, the conversron of photosynthetic chloroplasts

into non- photosynthetic carotene-rich chromoplasts,
transition after which the overall transcription activity
per mdmdual plastrd sharply decreases [8,9] and many

‘ Table‘ll
Inhibitory effects on tomato plastids DNA polymerase

‘Inhibitors dNMP mcorporated“

‘ (pmol) ‘

Chloroplasts . - Chromoplasts

None o 0.31:(100) 10,29 .(100)
1.mM NEMb ‘ - 0.06:(19) -0.10 (34)
109 ethanol 0.02 (6) 0.03 (11)
0.1 mM.aphidicolin " 0.30 (97) 0.28.(96)
25 uM ‘ethidium o
bromide 0.02 (6) 0.04 (19)
10.:aM araCTP 0.01 .(3) 0.05 (17),
50 uM ddTTP - - 0.20.(85) 0.22 (76)

“Nucleotides incorporated by 107 plastids during 30 min of reaction.

Average of 4 experiments. Numerals between parentheses indicate

‘percentage of residual’ activity. "Plastid lysates were: pre-incubated

with N-ethylmaleimide at'25°C for 15 min'in the reaction buffer (no

nucleotides present) All other reagents were assayed durrng the reac-
“"tion,without preincubation.
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cp-speclfrc peptrdes and thelr rnRNAs become undetec-
table. Our results mdrcate that the decrease in transcrip-

“tion is not likely to be associated with shortage of
template avarlabrhty in chromoplasts, since relative

ptDNA average amounts and plastid DNA réplication
capacity remain fairly constant in both leaf chloroplasts
and red fruit chromoplasts:

Chloroplast DNA polymerases are very minor pep-

tides in leaf tissue [14,17], which has precluded so far

the preparation of specific antibodies. In the absence of
immunological methods of detectron, we had to rely on

* activity measurements to estimate polymerase levels.

Overall actrvrty with both endogenous (ptDNA) or ex-
ogenous templates was. very similar in both plastrcl
lysates (Table ). ‘ ‘

In order ‘to determme whether the same
polymerase(s) were present in the two types of lysates,
a number of kmetrc measurements ‘were carried out.
Polymerases from both types of plastid lysates showed

. similar pH and. temperature profiles- (Fig. 1) and the

same sensitivity towards inhibitors (Table II). . ‘

- The nuclear o-like: DNA polvmerases are'strongly in-
hibited by aphrdlcolm (see. [27] and refs. therein). By
contrast, plastid lysates showed less than 5% inhibition
by this:reagent (Table 1I).. The other nuclear activity,

chromatin-bound g-like polymerase, is hrghly resistant

to NEM and araCTP 271, whereas plastid: enzymes
were drastically inhibited (Table II). -Our  plastid
preparatrons were. substantrally free from: mitochon-.

E drial contammatxon (section 2) and their polymerase ac-

tivities were only moderately affected by ddTTP, while
mitochondrial polymerases show - exquisite sensitivity
towards ‘this: nucleotrde analog [27,28]. The previous
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Fig. 2. Polypeptide compasition of tomato plastid lysares as analyzed
by SDS polyacrylamrde gel-electrophoresis. Experimental conditions

are described in section 2. (A) Lane'l, molécular mass standards; lane -

2, chloroplast’ extract; lane 3, chromoplast lysate. The' left half
thember of each pair shows polypeptide patterns in the gel visualized
by Coomassie’ brilliant blue staining. The right-hand ‘members. are
autoradiograms showmg the location of DNAsynthetic activity of
several DNA polymerases (lane1) or plastid lysates (fanes 2 and 3).
'(B). Determination of the approximate molecular -mass of tomato

plastid DNA polymerase in the activity gels, Two types of molecutar -

mass standards were used: Sigma' Dalton Mark VII- L (Sigma
Chemical Co. St; Louis; MO) stained with Coomassie blue ¢ o<a-):
‘bovine ' serum  albumin, 66 - kDa; "ovalbumin, ' 43 - kDa;

‘glyceraldehyde-3-P- dehydrogenase, 36 kDa, and polymerase stan- .

dards revealed by-activity:staining (-s-@-): .Escherrchra coli DNA

polymerase I, 1 10 kDa and pea chloroplast DNA polymerase, 90 kDa.

The arrow mdrcates relative . mobility. corresponding: 'to cp- and
chNA polymerases

results argue against any significant nuclear and/or
mitochondrial contaminating activities. In. general,

DNA polymerase presentin chromoplast extracts show-
“ed typical propertres of pt-like:enzymes [14,16,17], in-
cluding the apparent molecular mass of 88 kDa (Fig: 2).

Besides the : plastid enzyme, no other plant DNA
polymerase described so far has a molecular mass near

this value [27] Actrvrty gel electrophoresrs of plant ex-

~tracts indicated the presence of .two polymerase bands
“with apparent molecular masses of 70 and 110 kDa [27]
As judged by the assays ‘carried out in-this work, the
same molecular species of DNA polymerase was present
[in either chloroplasts or chromoplasts. -

The fmdmg that ptDNA ‘polymerase (most probably

a nuclear encoded enzyme) is apparently synthesized in
. a- constitutive’ manner is somehow. surprising. Cell

‘elongation ceases in the early. stages of fruit develop-

~“ment and the plastrd content per cell does not appear to
.change thereafter [29] Possrbly DNA polymerase plays
‘a ‘housekeepmg role ‘in chromoplasts, ' repairing.
damaged DNA molecules and/or replacing degraded
ones, thus keeping the plastrd DNA content hrgh even
after drfferentratron. “

Since overall transcrrptron cloes not seem 'to be

: regulated by fluctuations in rephcatron capacity, RNA
synthesis inhibition after chromoplast formation might'
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be due to lrmrtmg RNA polymerase levels or to changes

in plastid template that could affect transcnptronal

competence. Both topologrcal changes [30] and DNA "

“methylation [9] of pt DNA have been reported to affect

‘traﬂscnptron in chloroplasts and non-photosynthetrc
plastids. Work .is now. in progress to elucrdate these
questions. S
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