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Inhibition of in vitro DNA Synthesis by Auxins'
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Recent investigations have clearly demonstrated
that enhancement or repression of nucleic acid syn-
thesis is an obligatory concomitant of the physio-
logical response of plants to plant growth regulators.
Thlus the regulation of cell elongation in soybean
hypocotyl by indole-3-acetic acid (IAA) accompanies
and is dependent on RNA synthlesis ('10). 2,4-Di-
chlorophenoxyacetic acid (2,4-D) stimulates svnthe-
sis of ribosonmal RNA (11). The gibberellins en-
hance messeinger-like RNA synthesis in barley
endosperm (22) and both D1N A synthesis in and
DNA content of non-dividing cells of lentil epicotyl
(14). OIn the other hand, DNA synthesis has been
reported to be stuppressed by application of 2,4-D to
peanut cotyledon (3,4) and of dormin to duckweed
(21). In the present investigation we find that
2,4-D and IAA, but not gibberellic acid inhibit DNA
synithesis by E. coli DNA polymerase supported by
free DNA, chromatin or nucleohistone prepared fron
pea embryo. The range of concentratioins at whiclh
the inhibition occur suggest that interference with
DNA synthesis may play a role in the toxic or
herbicidal effects of these plant growth regulators.

D'NA polvmerase, prepared according to a mnodi-
fication (18) of the method Richardson et al. (17)
through step 7, had a specific activity of 800 units
per mg of protein using "activated" DNA as l)rimer
and about 180 with calf thymnius DNA as primer.
The chromatin fraction of both (Iwvarf pea (var.
Progress No. 9) and normal pea (var. Alaska)
were l)repared from 40 hour emibryonic axes accord-
inig to the lprocedure of Huang and lBonner (8).
Nucleolhistone \vas l)repared fromi the chromatin
fraction by shearing and differential centrifugatioin
(2). Chromatin cani serve as primer for both RNA

1 This wor-k was conductve ilnlder a coollerltive
agreement between the D)i vision of Bioliosgy CaIlifornia
Inistittite of Technology, and th:e \Wcste)rn ttilizatioli
Research and Developnment Division. Agricultural Re-
sear-clh Serv ice., t'nited States )ep)artrnent of A.gri-
('culture Report (ti xirk suplllrte(ld iiu par't 1bv inited
Stdtes Publlic Health Service (Grant.s (:\l0-3977 G-
0514.3, AM-AI103102. Re-ferentce to a conipan ()or produict
nam-e does oiest iniyxv approval or r ommenilidation of
dlie product 1b the United States l)epartment of Agri-
culture to the exclusioni of others that imax be suitable.

and DNA polymlerases, but only I)NA polynierase
will utilize nucleohistone as primer in a iimited
DNA in vitro synthesis (8, 18, 19). Isolatioin of
native uncomplexed DNA from the chromlatin frac-
tion and characterization of these DNA fractions
have been previously described (2, 18). Each ml
of the DNA polvnmerase reaction mixture contained:
potassium phosphate buffer pH 7.2, 40 ,umoles;
MgCL, 4 ,umoles; 2-mercaptoetlhaniol, 0.6 Lmole:
deoxvnucleoside triphosphates of guanosine, thvmni-
dine, cvtidine and adenosinie (-:H-labeled, ScbwNvarz,
10 uc/,uniole), 0.02 /Aniole eachi, DNA polymlierase,
1.3 units (calf thlvmuxus DNA as primer). The
primer concentrations in nucleotide eqjuivalenits of
DNA (18) were 0.02, 0.29), 0.10, anid 0.20 p.mole
per ml for DNA, nucleohistone, pea chromatin anid
dwarf pea chromiiatini, respectively. DNA svnthe-
sized wvas mleasured by the incorlporation of TdT
dAIP into lerchloric acid-insoluble mlaterial (18).
'Enzymle after" controls were run. The rates are
presented as mn/tmoles of DNA syinthesized [dAMP
incorporated X 3.6 ('18)] per nml reaction mlixtuire
per 30 minutes at 370. The plant growth regulators
were obtained from Cal Biochemii.

Figure 1 shows the effect of addinig 2,4-D, IAA
and GA to I)NA polvmerase reactionnmixtures.
Both 2,4-D and IAA inhibit E. coli D1NA poly-
merase. The inhibition is mlanifested in the presence
of DNA, nucleohistone. or chromlatiin )rimers.
When calculated on the basis of Ipercentage inhlibi-
tion, inhlibition by both 2,4-D and IAA was most
efficielnt in the presence of chroiiiatin and least
efficient in the presence of free DNA. 'Thus in the
presenice of 0.15 m:t 2,4-D, the interpolated per-
centage inhibition with DNA, nucleolhistone and
chromatin as primers are 40, 51, and 81, respectively.
Similarly, in the presence of 0.5 nlim IAA the corre-
sponding percentage inhibitionis were 33, 48, and 58.
resl)ectivelv.

It is not possible fromii tile data piresenited to
ascertaini the natutr-e of the variation of the differeiit
inliibitory effects in the lpresence of these primiers.
On the basis of simiiple Xlicliaelis kinetics, differences
in KM and Ki values, but not in initial primer
concentration, could accounit for the variations. It
has been suggeste(l that soUiCe planit grouxtl regula-
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Althouglh the molecular basis of herbicidal action
has been the subject of a great deal of speculation

@and controversy (5,7, 12), only recentlv have sug-

gestions been forwarded that I)NA polvmerase in-
hibition may b)e involved (3, 13, 18). It should be
pointed out that it may be necessary to apply these

DNA herbicides in a concentration range a few orders of
magnitude greater than those used in these experi-
ments in order to attain comparable levels at their

o putative locus of action, presumably nuclear DNA.
We suggest that the inhibition of DNA polymerase
by very high concentrations of auxins may in part
be responsible and lead to their herbicidal effects.

NUCLEOHISTONE Thus inhibition of chloroplast DNA polymerase
0

(20) could lead to accumulation of phosphate esters
(15), higher metabolic rates and chlorosis (16).

Gibberellic acid did not, within experimental
error (± 5 %) influence the activity of DNA- or

nucleohistone-supported DNA polymerase. With

CHROMATIN normal pea chromatin as primer there appeared to
D

0
be a barelv perceptible increase at concentrations
between 10-3 and a slight inhibition at about

CHROMATIN (dwarf pea) 10-2 M. In the presence of dwarf pea chromatin
a 25 % increase in polymerase activity was observed
at 10-4 M gibberellic acid. It is of interest to note

4 6
that gibberellin al)plied at concentrations of about

4ulator concentration, M X
3 3 X 10-4 Al promotes -a 3.15 % enhancement of DNA

sy-nthesis in elongatinig, noni-dividing cells of lentil
rt of the concentrationl 2,4dichioro- epicotvl (14). Sonme, but not all, sex steroids have

l (0), indole-3 acetic alcid (0) and been reported to small (ca. 10 %) stimulation

LIf-closed circle) on E. coli DNA poly-
nucleohistone ad chromatin of iior of mammalian DNA polvmerase (6). O1 the other

:hromatinas of dls-arf pwea aws p)rimers, hand, syntlhesis of DNA-like RNA in isolated nuclei
of dwarf peas was enhanced as imutich as 1A) % in
the presence of 10 s Mr gibberellic acid (7).

tors mlav act as allosteric effectors of D-NA poly-
merase (21). On the other hand, the IAA inhibition
may be due, as in the case of the indole-derived anti-
biotic mitomycin (23), to formation of a polvmerase-
resistant complex with DNA. The inhibition by
2,4-D may be related to the specific inhibition of
in vizo DNA svnthesis by phenethyl alcohol (1).

Are the data on the inhibition by 2,4-D and IAA
pertinent to the physiological action of plant growth

regulators? The inhibition bv IAA occurs at coni-

centrations several orders of nmagnitude greater thanl
concentrations at which growth regulator effects and
nucleic acid svnthesis enhancement are manifested.
Trhus the interpolated millimiiolar concentrations of
IAA for 50 % inhibitioll ith DNA nucleolhistonie
anld chromnatin are 2.1. 1.1 an( 0.7, respectively.

fnhibitioni of D)NA polynmerase by 2,4-1) appeared

to be substantial in a concentrationi range of about

I order of mlagniitude ( l(-4-1() M) lowser than the
range in whiclh lAA was effective. This is still

miuiich higher than the concentrations ( 10 -1t)-S M )
at which 2,4-D, wvhen apl)lied to plants, stimuilates
growth. It is however in the same range of conl-
centration found for the inhibition of DLNA svn-

thesis. Thus, at 1.25 X 10-5 m 2,4-D caused a

12 % inhibition of DNA synthesis in peanut cotyle-
don as measured by the incorporation of 32p (3).
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