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Summary. The accumulation of labeled phosphorus into newly synthesized nucleic
acids or peanut cotyledon slices incubated with chloramphenicol, puromycin, or 2,4-
dichlorophenoxyacetic acid (2,4-D) was reduced. Promotion of nucleic acid synthesis
wa-s not noted by any of these chemicals. Chloramphenicol completely inhibited the syn-
thesis of the DNA-RNA fraction at 1.25 X 10-8 M while soluble and ribosomal RNA
was inhibited by 70 % and 80 %, respectively. At the same concentration messenger
RNA was inhibited by only 40 %. These effects suggest that chloramphenicol inhibit
nucleic acid synthesis in peanut cotyledons i,n a differential manner. Similar results
were noted for DNA at low concentrations of 2,4-D. However, at high concentrations
of 2,4-D, DNA as well as RNA fractions were inhibited in a similar manner at a given
concentration. Puromycin did not differentially inhibit nucleic acid synthesis except
at 2 X 10-3 M where DNA was least inhibited.

Nondifferential inhibition suggests that a common site or precursor pool essential for
the synthesis of all nucleic acid fractions is altered. Differential inhibition may be due
to the interference with a specific rate-limiting step, directly or indirectly, in the forma-
tion of a particular nucleic acid.

RNA synthesis in peanut cotyledons is initiated
at the onset of germination and the content doubles
in the first week after planting (7). Subsequently,
the RNA content rapidly declines with aging of the
cotyledon. Concomitent with this change in RNA
content, the activities of many glycolytic and mito-
chondrial enzymes follow similar patterns (7). Be-
cause nucleic acids and enzymes are synthesized as
judged by increased activity during germination
without cell division, we selected the peanut cotyledon
to study the effects of various protein inhivbitors
(chloramphenicol and puromycin) and auxin (2.4-
dichloro,phenoxyacetic acid) on nucleic acid metab-
olism during the early stages of germination. Any
differences in action of these compounds on RNA
nmetabolism could then be used to study in greater
detail the role of this nucleic acid in plant growth
and development.

Chloramphenicol and puromycin have been shown
to inhibit protein synthesis in bacterial and mam-
malian systems by affectinz the formation of the poly-
peptide chain (1, 4, 15,19). Also, chloramphenicol
and puromycin have been shown to affect RNA syn-
thesis (2, 10, 13, 16). Gale and Folks (10) and Kur-
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land and Maale (13) reported that high concentra-
tions of chloramphenicol inhibited RNA synthesis.
However, Aronson and Spiegelman (2) did not ob-
serve an inhibition of RNA synthesis in E. coli with
chloramphenicol. Puromycin inhibits the synthesis of
30S and 18S ribosomal RNA anid ribosomal precursor
RNA in mammalian cells (11) while soluble and
ribosomal RNA acculmtulate in bacteria treated with
puromycin (16). In our studies on nucleic acid
metabolism in plants, it was felt desirable to deter-
mine whether chloramphenicol and puromvcin inhibit
RNA synthesis in a manner similar to that previously
reported in bacterial or mammalian cells.

2.4-D also affects the synthesis of nucleic acids
in higher plants primarily by promoting ribosomal
RNA synthesis (12). Auxin may promote RNA
synthesis at low concentrations or inhibit at high
concentrations (3). Normally, auxin manifests its
effect i;n growing tissue; however, since peanut cotyle-
dons synthesize nucleic acids, it seemed desirable to
determine if auxin influences nucleic acid synthesis
in storage parenchyma cells of the peanut cotvledon.

Materials and Methods

Plant Material. Virginia 56-R peanut (Arachis
hypogaea L.) seeds were germinated on moist ab-
sorbant paper at a high relative -humidity in a dark
chamber at 280 for 3 days. Ten g of sliced (1-2 mm)
peanut cotyledons were preincubated for 30 minutes
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in a solution of 10-4 M citric acid, pH 6.0 with
NH40H, 1 % sucrose and either chloramphenicol.
puromycin, or 2,4-D. Radioactive phosphorus (0.8
Imlc) was then added to the incubation solution and
the cotyleflons were incubated for an additional 2
hotirs. After incubation the tissue was washed with
cold water and kept on ice until used.

Nitcleic Acid Extraction and Chromiiatographyi, OIl

.IAK Columns. Nucleic acids were extracted from
the labeledl tissue in the presence of cold phenol and
2 % dupanol as previously described (8). Purified
samples of nucleic acids labeled with 32p were ab-
sorbed on methylated albumin coated on kieselguhr
(MAK) columns according to the method of MIani-
dell and Hershey (14) and eluted with a liInear
gradient of NaCl from 0.35 M to 1.15 M in 0.05 AI
phosphate buffer (pH 6.7). Consecutive ' ml frac-
tions of the eluate were collected; the ultraviolet
absorbancy (260 m,u) and radioactivity were deter-
miined for each fraction.

Inhibition of nucleic acid synthesis in peanut
cotyledons treated with various concentrationis of

chloramphenicol, puromycin, and 2,4-D is expressed
as percent of control.

Results

It has been shown that cells of peanut cotyledons
synthesize RNA during seed germiinationi (6) and
can be separated into 6 fractions by MAK chromat-
ography (fig 1 A). The soluble RNAs (peaks I and
II) of peanut cotyledons are separated into 2 frac-
tions (s, and s.,) as characterized by Chroboczek and
Cherry (9). The DNA fraction (peak 1II) con.sists
of rapidly metabolized DNA, RNA and nonmetabolic
DNA as characterized by Cherry (7) antl will be
called the DNA-RNA fraction in this paper. Riboso-
imal RNA is fractionated into 2 peaks (IV and V) and
are termedl light (lr) and heavy (hr) ri4zosomal
RNA, respectively. These 2 RNAs are equivalent to
the 16S and 23S RNA of bacteria (20) and in peanut
cotyledons are found exclusively in the ribosomes (9).
The last fraction (peak VI) eluted from the MAK
colum]n is termed messenger RNA (mRNA). Present
data from this laboratory show that this fraction
(nmRNA ) hybridizes with homologous DNA to a

n-uch greater extent than any other RNA fraction
of peantut cotyledons. (Unpublished data of R. B.
van1 Huystee and J. H. Cherry).

To evaluate the effects of chloramphenicol, puro-
mycin, and 2,4-D on nucleic acid metabolism, peanut
cotyledon slices were incubated with various concen-
trations of the chemical. The nucleic acids were

extracted and fractionated by 'MAK chromatograplhy.
Typical ultraviolet and radioactivity profiles of the
nucleic acids extracted from control, chloramiipheniicol,
an(l pulromycin treated tisstues are presented in figure
1A, lB, and 1C, respectively. The relative amount
of total 32P incorporated iInto the nucleic acids of
untreated tissues (fig 1 A) was 10 % for each s,RNA
aind DN\A-RNA, 3 % for s.RNA, 16 % for IrRNAX
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FIG. 1. Elution p)rofiles of nucleic acids from chlor-
amn)henicol and puromycin treated I)eanut cotyledon slices.
Sliced cotyledons from 3 day-old pealnut (Arach1is hxv9po-

gaea L.) seedlings were preincubated for 30 minutes ill
a preincubation mediuim w-hichi contained various conceni-
trations of chloramphenicol, puromycin, or 2,4-D (not
shown). Radioactive phosplhorus was added to the medium
and samples were incubated for an additional 2 hours.

Nucleic acids wvere extracted by a cold phenol-2 %0 dupanol
method (8). Purified nucleic acids w-ere separated by
MAK fraction. Ultraviolet absorbancy (260 mu) ( )

and radioactivity ----) from consecutive 5 ml frac-
tions of nucleic acids from control, clhloramplhenicol
(1.25 X 10-3 Mi), an(d puromvcin (2.5 X 10-4 Ai) treate(d
tissues are presented in A, B, anid C, respectively. Six
fractions of nucleic acids are obtained by MAK fraction:
2 soluble RNAs (s, anid s.,), DNA-RNA, ligh}t (Ir) and(I
hieavy (1hr) ribosoimal RNAs, and m11essen1ger RN.A
(mi1RNA).

42 % for hrRNA, and(l 19 % for mRNA. Chlorami-
phenicol (1.25 X 1() 3 \) reduced total 32p incorpo-
ration inito the nucleic acicis by 84 %. M\Iajor reduc-
tionl occurred in soluble RNA and DNA as shown-
by the radioactivity profiles (fig 1 B). Ribosonial
RNA was inhibited more by chlorampl-iheniicol thaln
-was mRNA. Puromycin at 2.5 X 10- il caused a

22 % reductioln of total 32P incorporation inlto the
nucleic acids. However, incorporatioiu was nlot spe-
cificallv reduced in any particular nucleic acid frac-
tioI (fig 1 C).
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Less nucleic acid was synthesized by chloramphen-
icol, puromyci'n, and 2,4-D-treated tissues at all con-
centrations tested than by nontreated tissues (fig 2).
Even though less nucleic acid was synthesized in
chloramphenicol treated tissues, all fractions of nu-
cleic acid were not equally inhibited (fig 2 A). The
DNA-RNA fraction was inhibited by 97 % except at
6.25 X 10-4 M. However, the inhibition of messenger
RNA synthesis increased progressively from 36 % to
81 % with increased concentrations of chlorampheni-
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FIG. 2. Inhibition of nucleic acid sYnthesis of peanut
cotyledon slices treated with chloraniphenicol, puromycin,
and 2,4-D. Peanut cotyledons were treated as described
in figure 1. Inhibition of nucleic acid synthesis at various
concentrations of chloramphenicol (A), puromycin (B),
and 2,4-D (C) is expressed as percent of control. The
nucleic acid fractions are represented by the following
symbols: 0, soluble,RNA; , soluble9RNA; *, DNA-
RNA; Q, light ribosomal RNA; A, heavy ribosomal
RNA; and fO, messenger RNA.

col. Soluble and ribosomal RNA synthesis, on the
other hand, was inhibited in the same manner.

Synthesis of the DNA-RNA fraction was inhib-
ited much less in puromycin treated tissue than at the
same concentration of chloramphenicol (fig 2 B). At
a given concentration of puromycin, synthesis of
soluble, ribosomal, and messenger RNA was inhibited
to approximately the same extent.

Messenger RNA synthesis in peanut cotyledon
slices was not inhibited as much as soluble and ribo-
somal RNA at low concentration (1.25 X 10-5 M)
of 2,4-D (fig 2 C). However, at higher concentra-
tions, all nucleic acid fractions including DNA were
inhibited about the same. While the-relative synthesis
of DNA appears to be inhibited more at low concen-
tration (1.25 X 10-5 M) of 2,4-D than the RNA frac-
tions, it is a much smaller inhibition than that caused
by chloramphenicol (fig 2 A)

Discu4iion

This study shows that chiloramphenicol and puro-
mycin at the concentrations tested inhitbit nucleic acid
synthesis in peanut cotyledon slices. However, their
effects on synthesis of various nucleic acild fractions
are different. Synthesis of the DNA-RNA fraction
in tissue treated with chloramphenicol was inhibited
to a much greater extent than the RNA fractions;
surprisingly the synthesis of messenger RNA was
inhibited very little. Puromycin, on the other hand,
progressively inhibited the synthesis of all nucleic
acid fractions with increasing concentration. These
data differ from those of Holland (11) and Tamaoki
and Mueller (18) who reported that puromycin in-
hibited the synthesis of transfer and messenger RNA
less than ribosomal and ribosomal precursor RNA in
HeLa cells.

Spector and Kinochita (17) suggested that puro-
mycin may affect protein synthesis not only by in-
terfering with the template but also through the inihi-
bition of RNA synthesis. Our data indicate that
puromycin may affect nucleic acid synthesis at a
common site, since all RNA fractions were inhibited
to about the same extent. Perhaps, puromycin in-
hibits the synthesis of a common nucleotide precursor
or at some other step that is essential for the syn-
thesis of nucleic acids. On the other hand, our data
slhow that chlorampheniicol does not affect synthesis
of all nucleic acids at a common site since differential
inhibition occurred. But chloramphenicol inhibits
the synthesis of soluble and ribosomal RNA at each
concentration to about the same extent which sug-
gests that their inhibition may occur at a commnon
site. Present data from our laboratory (5) show that
synthesis of nucleic acid, in 5-fluorouracil-treated
tissue is also differentially inhibited. 5-Fluorouracil,
like chloramphenicol, greatly inhibits the synthesis
of DNA while messenger RNA is least inhibited.
Soluble and ribosomal RNA were inhibited similarly
at each concentration tested. (Further details con-
cerning these studies will be published).
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Experimental evidence lhas shown that 2,4-D af-
fects nucleic acid metabolism of hypocotyl sections
primarily by promoting the synthesis of ribosomal
RNA (12). However, peanut cotyledon slices, a
storage tissue, syn!thesized less nuc,leic acid in the
presence of 2,4-D. Low conicentration (1.25 X 10-
M) of 2,4-D inhibited nucleic acid synthesis by ap-
proximiiately 12 %. However, the main effect at low
concentrations was on the DNA-RNA fraction.
Higher concentrations of 2,4-D inhibited incorpora-
tion o,f 32P into all nucleic acid fractions to aibout the
same extent. This suggests that low concentrations
of 2,4-D, like chloramphenicol, may differentially
affect the synthesis of certain nucleic acids while at
high concentrations this type of inhibition is not
observed.

At the present time, the mechanisms of inhibition
are not completely understood. Possible sites of ac-
tioln might include: A) inhibition of purine and py-
rimidine biosynthesis, B) inhibition of phosphoryla-
tioIn of ribose and nucleosides pyrophosphate., or
C) inhibition of enzymes involvecl in niuoleic acid
biosynthesis.
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