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Salisbury and Bonner (13) have shown that the
pyrimidine, 5-fluorouracil (5n-FU), when applied
either to the apical vegetative bud or the leaf just
prior to the photoinductive dark period inhibits the
development of the floral primiordia. The inhibitory
effect of 5-FU could be reversed by applying orotic
acid at the same time as the application of 5-FU.
Later, Bonner and Zeevaart (2) showed that 5-FU
inhibited the incorporation of orotic acid into both
RNA and DNA. In general, DNA synthesis was
inhibited more than RNA synthesis. They con-
cluded that RNA synthesis is the process essential to
photoperiodic induction which is inhibited by the
presence of 5-FU in the bud of Xanthiunz during an
otherwise inductive dark period. However, Zeevaart
(14) later showed with Pharbitis that 5-FU and 5-
fluorodeoxyuridine (5-FDU) inhibited flowering by
causing a deficiency of thymidylic acid which resulted
in the suppression of DNA multiplication. The in-
hibition of DNA synthesis caused by 5-FDU also
profoundly inhibited cell division as judged by micro-
scopic examination of sections for mitotic figures.
Zeevaart finally concluded that the floral stimulus
can express itself in the initiationi of floral primordia
oInlV in an apex with multiplyinig DNA. In these
experiments (2, 13) involving Xanthiwniii, the ef-
fect of the fluorinated pyrimidines on the develop-
ment of the floral primordia was determined by
classifying the apical buds 9 days after photoinduc-
tioni into various floral stages according to the
method of Salisbury (12). Using this method alone,
it is possible that the development of the floral nri-
mordia might be suppressed when examined 9 days
after photoinduction by a single period of 16 hours
of darkness, but if the plants had been left in long
days for a much longer timie they might overcome
the inhibitory action of 5-FU and produce reproduc-
tive buds. However, Zeevaart (14) overcame this
objection with Pharbitis by countingii the number of
floral buds.

From studies with both Xanthiimn (2, 13) and
Pharbitis (14), it has been conclutded that 5-FU pre-
vents the apex of otherwise a(lequately photoind(uiced
plants to respond to the floral stimiiulus. Under these
conditions, a minimum of 1 photoperiodic induction
period is given to the planits. Oine period of 16 hours
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of darkness is sufficient to induce flowering but the
floral stimulus from only 1 period is weak, and it
requires several days to detect the floral primordia
as compared to plants given 2 or more photoperiodic
cycles. Thus, if anything is done to the plants at
the time of photoinduction which would drastically
upset the metabolic balance of the plants, especially
inhibiting cell division. a reduction in the rate of de-
velopnient of the floral primordia might be expected.

In this paper, it will be shown that 5-FU retards
but does not completely inhibit flowering of Xant-
thiutmi. Inhibition of the development of the floral
primordia and subsequent production of Xanthiu,tn
seeds was obtained only when 10-2 M 5-FU was ap-
plied to the apex of plants at the beginning of a
single photoperiodic cycle of 16 hours of darkness.
If plants were given 2 or 3 photoperiodic cycles an(d
treated with 5-FU (either 10-3 M or 10-2 M) at the
beginning of each cycle the development of the floral
primordia was retarded because of the inhibition of
nucleic acid synthesis but the plants eventually pro-
duced seeds. It will also be shown that 5-FU pro-
foundly inhibits DNA and ribosomal RNA synthesis,
but does not greatlv inhibit messenger RNA svn-
thesis.

Materials and Methods

Plant Material. The cocklebur (Xanthlitmn pen-
svIvaiicutn Wallr.) planits used were of a standard
inbred strain originally obtained from Dr. Harry
Borthwick of Beltsville. The seeds were washed in
running tap water for 3 (lays and theni were germi-
niated in moist vermiculite. The seedlings were
transplanted and were grown in a controlle(d environ-
ment greenhouse. The day length was maintained at
18 hours with supplemientary light anid the temper-
attire kept at 230 dturing the day anid 170 at night.
The plants were grown in this environmenit for ap-
proximately 6 weeks. At the beginning of each ex-
perinient, the plants were defoliated except for a sin-
gle leaf which was usually the third leaf from the
apex (approx. 7 cm long). The planits were ran-
domly selected and placed in either of 2 growth
chambers. One growth chamber was p)rogrammed
for 8 houirs of light and 16 hours of darkness (short
day) while the second was set for 16 hours of light
and 8 hours of darkness (long day). In both cham-
bers, the temperature was maintained at 27° during
the light period and 18° during the dark period.
These conditions were adequate to control photo-
periodic induction.
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In experimiients (lealilig with the influence of 5-FU
oni the photoinduction process, the chemical (either
10-3 Ai or 10-2 sI) in 0.1 % Tween-20 was applied
by dipping the apex inl the solution. The 5-FU was
applied immilediately at the beginning of each dark
period. After the al)propriate numiiber of cycles (1,
2 or 3 depending on the experimnent'), the plants were
returnied to the greenllouse anid kept in an environi-
ment of 18-hour days at a temperature of 230 duriing
the day and 170 at night unitil used. Two weeks
after the first indeluctioni period the apical buds from
6 plalnts of each treatmiienit Nwere reilrove(l alid the
floral stage classified according to Salisbury (11).
An equal group of the plants was I ept tinder long
(lays for approximiately 2 adlditiolnal monilis in or(ler
to (letermiinle the final effect of 5-EU oln flowerinog.

Labelinig thle Apex zweth ani Isotopc. Tlhe apex of
Xaithiulini plalats was labeled isotopi2ally in 2 ways,
either initact or excised. In experimiients where both
5-EFU and an isotope wvere applied to initact buds, the
plants were defoliated anid rea(liedl for photoinduc-
tion as descril)ed above. T'he apical buds were
dipl)e(l in a solution of 0.1 % Tween-20 contaiinino
either 0, 10-3 N or 10-2 Ai 5-FU, ap)p)roximliately 1 hour
prior to the dark period. After the buds dried. an(d
just prior to the (airk period, one (lrol) of an aqueous
solutioll conitainingb 50 ,ac Na.,H P39O2 pH 7 was
placed on the apex. Ii other experinlents designed to
deterimiine whether nticleic acid synthesis was different
between induced and nioniniduice(l plants, the buds were
excise(l immniediately after the (lark periodl anid labeled
w\'ith P32 ill solutioni. Approxiniately 3 g of bud tis-
suie wvas incubated in a soltutionl coIntainingi, ](-4 A1s
citric aci(l, pH 6.0 with NT-4OH. 1 % sucrose. 10 jug/
ml streptomnycin and 0.5 nic- Na.,HP2"04 for 2 hours
at 300. Still, in other exl)erinlents to (leterniiie the ef-
fect of 5-FU Otl nucleic aci(d synthesis, oiilv ve-eta-
tive buds were used. Thev wNere treate(d with 5-FU.
either intact or excised, with P3bbeing applied either
to intact buds shortlv after 5-FU application or to
excise(l buids in solutioni. The details are given iil
table TI.

N\lceiclei id I' xtractioi anl Ffraction1(ationl.
Nucleic aci(ls were extracted from Xanithinmuz btuds
with a phenol method employing (lupanol. The iso-
topically labeled buds (3 g) were homiogenized with
a \TirTis homiiogeniizer in a solutioni containing 10l)ml
0.01 \i Tris-HTCl, pH 7.6, 0.06 M\ KCl anld 0 M1 .I
Tg-CL,; I mil bentonite (40 mg-) 33.1 wl of Il %

dul)anol (sodium lauiryl sulfate) a(ld 17 mil of cokl
phenol. 'The aqueouis solutioni was remiioved and
treated twice with equal volumiies of cold i)henol in
the presence of bentonite, anid nuticleic acidls were lpre-
ci)itated by the addition of 2 voluimes of cold ethanol.
The extracted nucleic acids were dialyzed for 2 davs
against 0.05 M phosphate buffer, pH 6.7. All extrac-
tion proceduires were carried out at about 20. This
technique was found to be satisfactory for the ex-
traction of nucleic acids from plant tissue (4).
Dialyzed samples of nucleic acid labeled with P32

were sepIarated oni columiis of metllylated albunini
coate(I on kieselguhr according to the method of
Mandell and Hershey (11). Two mg of nucleic
aci(l wvere added to the column anid eluted with a
liniear gradient of NaCl from 0.4 M to 1.2 M in 0.05 Ai

l)hosphate buffer, pH 6.7. Fractions containing 5 ml
each were collected; the ultraviolet absorbancy ail(l
radioactivitv were determiiined otl eaclh fraction.

Results

JIfliiciice of 5-FU on0 the Development of Floral
Priniordia. In fairly close agreement with Salisbury
and Bonnier (13). data summarized in table I show
that application of 5-FU to the apices of Xanitiuimnii
plants prior to photoinduction inhibits the develop-
neuit of the floral primordia. Very strong inhibition
is observed if the plants are giveni only 1 inductive
cyv(le. If, however, 2 or 3 cycles are given with 5-
EU appliedl at the beginninig of each cycle the devel--
opment of the floral primordia is indeed inhibited,
but nievertheless the apex lhas received the floral
stimlultus. Thus, it is apparelnt that 5-FU is not a

sp)ecific inhibitor of floral induItictioni as previouisly
iniferred (2). As slhown in figure 1. 10-3 m 5-FU
al)l)lied at the beginning of the dark period (loes not
destroy the ability of the plant to develop floral pri-
mordia (fig 1 A) anld produce see(l (fig 1 C). If
Xanthlihni plants are given olnly a single l)hotoinduc-
tive (lark period, 10\2M 5-FU prevents the develop-
ielt of the floral primordia aiidc production of seed.
Ajpices of these l)lants are niot typical vegetative
buds. The growth of the apical bud is diminiished
aillf after several weeks after photoilidtictioln it closely
resembles floral primordia in an early stage. This
strong inhibitory effect, as showln by Zeevaart (14),
is the restult of the inhibition of DNA miiultiplicationi
and thus cell division. It is, therefore. concluded
fromii these (lata (table I and(l fi- 1 ) andl those of

Table 1. Effect of 5-F t on the Developneint
the Floral Prihnordia

5-FU was applied to the plants by dipping the buds in
a solutioni containing the 5-FU and 0.1 % Tween-20.
The chemical was applied to the bud at the begiinning of
each dark period. Two weeks after the first induction
perio(l the buds wvere removed and(l classified according
to the develop-ment of the floral priinordia (12). The
values are averagcs from 6 or more plants.

Stage of bud
dlevelopment

No. of phloto-
periodic cycles
(16 hr darkness)

0
1

Conc of
5-FU applied to

buds
0 10-3 M I

0

3.3
7.3
6.5

.

2.3
7.0
7.8

10 2 M

. . .

0.3
4.0
5.0
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FIG. 1. Effect of 5-FU during the photoinductive
dark period on the development of floral primordia of
Xanthiuim olants. Figure 1 A shows the development of
buds approximately 2 months after photoperiodic induc-
tion and treatment with 5-FU. Tihe buds shown in the
top row of figure 1 A are from plants receiving 1 d'ark
cycle while the buds in row 2 anid 3 were from plants
receiving 2 and 3 inductive dark cycles, respectively.
In each case, 5-FU was applied at the beginning of each
cycle. Figures 1 B, 1 C, and 1 D represent plants treated
with 0, 10-3 M and 10-2 M 5-FU during a single photo-
periodic dark period (16 hr) approximately 3 and one-
half months prior to the time the photographs were made.

other investigators (2. 13, 14) that 5-FU is not a
specific inhibitor of floral development in Xanthiurn
plants. Rather, it appears that the inhibition of the
fluorinated pyrimidine is a function of its action on
DNA multiplication which results in a reduction in
cell division and subsequent growth.

Comnparison of Nuicleic Acid Metabolism in In-
dulced and Noninldutced Butds. In the initial studiies,
it seemed desirable to determine whether there is a
difference in the niucleic acids produced by nonin-
duced and( induce(d Xauithiuiiii buds. To approach
this question, the nucleic acids were extracted from
noninduced alnd induice.d (2 photoinductive cycles)
excised buds which had beeni labeled with P32 in soiu-
tion and subsequently fractiolnated on MAK columns.
As can be observed in figure 2, nucleic acids from
Xantthiutm are fractionated into 6 fractions by the
MAK column similar to that previously shown for
other plant tissue (3, 4). Since the radioactivity
profiles of the soluble RNAs do not always coincide
well with the UV absorbancy peaks, no distinction is

a

0V, i 1y£*5 i0.

U. V ABSORBANCY C

0.2 - .100

0.1- '50

1003 40 50 607 80 90 K100NO20 130 140 50 *O
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FIG. 2. Nucleic acids obtained from buds of plants
not induced to flower (2 A) and from plants induced to
flower by two 16-hour dark periods (2 B) by fraction-
ation on MAAK columns. After the second dark period
the buds were labeled in solution with Pa for 3 hours.
The nucleic acids were extracted by cold phenol and
then dialyzed. The purified RNA was fractionated oll
MAK columns. Samples containing 5 ml each were
collected and the UV absorbancy and radioactivity de-
termined.

imiade between the 2 general sRNA peaks as has been
made previously (4). Likewise. the light ribosomal
and heavy ribosomal RNAs are grouped together.
The characterization of each of these fractions of
nucleic acids has been described previously for peanut
cotyledon tissue (4). The RNA fraction eluted
near the tail of ribosomal (r)RNA is referred to as
mRNA (messenger). Classification of this fraction
as mRNA is perhaps debatable. However. since the
base composition of the mRNA fraction more nearly
resembles DNA (10) and also since our preliminary
work 3 shows that this fraction hybridizes with homo-
logous DNA to a much greater extenit (at least 2-
fold greater) than does soluble or ribesomal RNAs.
the authors feel that this fraction conitiins most of
the so-called messeniger RNA. While the MAK
columiin technique does not resolve the various frac-
tions of nucleic acids as well as is desired, it appears
to be the best method presently available for nucleic
acid fractionation. Using this method. we compared

3Unpublished data of R. van Huystee and J. H.
Cherry.
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the inuicleic acids extracted fromii nionindduced (fig
2 A) anid inu(ticed (fig 2 II) Xuu,thiuuiii buds wlhich
hal(l been excised an(l labeled in solution with P32.
From a conmparison of the specific activities and the
amiotint of radioactivitv inl each fraction, it is not
possible to (listiniguislh adequatelv betw\een the 2 sam-
l)les of nucleic acid. For examl)le. there is 28 % of
the total radioactivitv found( in miRRNA of the non-
in(lutced buds while 29 % mlRNA is fotlndl in in(ltlced
buds. It will be shown later ill this paper that the
anmiouint of imiRNA can be manil)ulate(l depending on
the technique of labeling the tisstue with an isotolpe or
1b treating with 5-FU. Therefore, it is felt tllat this
techiqi(utie uisinig P2' labeledn(ucleic acid, is niot ade-
(Itiate to quantitatively (letermille (lifferences in
nucleic aci(l synlthesis. especially mRNA in the Xani-
tliiiui lbuds. To get a qualitative estimate of anly
(Iifferenice in ii RNA l)roduction letween nloniniduced
and iniducedI buds, the dloulble labeling techniique lhas
been enmployed.4

lBffect of .5-FUor Nutcleic Acid .Mletabolisn i11
.Xnthiuu,ini Bud(s. Since ;-FU impairs the develop-
miient of the floral primordia in Xantliuimel buds (13).
anid since 5-FU inhibits both l)N:A and RNA svn-
thesis, as shown by B-oinner and( Zeevaart (2). it
seenmed desirable to determiinie whether 5-FU affects
each of the various fractions of IRNAs anid D)NA
in the same way. Initiallx, in or(ler to estimiate the
effect of 5-EU onl vegetative (noninduced ) buds,
the apices were dipped in 5-EU and subsequently
labeled withl22 as either inltact or excised buds. As
shown in table lI, 10") \ 5;-ElU when applied to in-
t.act buds, (loes not inhibit the incorl)oration of P'2
into p)henol extractable nutcleic acid, regardless of
wvhether the P1)2 waxas l)liedl to either intact buids or
to excised buds. How-ever, 10(-'1 5-FU inhibited
the incorporation of f1322 into uticleic acids l)y 44%.
if the P32 was applied to inltact buds, butt onlyl)y 16 %
if the ;-EU treated btuds Nvere inctubated in solutioni
with P32. Sturprisinglv. if conitrol buds are prein-
ctil)ated with 10 2 ;r5-FU for 1 hotir prior to the 3-
hotir incubation perio(l ith l(-102 M i-FLT and p32,
the nlucleic acids incorporate 49 % more 1132 thanl
the control tissue.

In order. therefore, to oletermiine the effects of
5-I'U on1 iltucleic aci(d synthesis in vegetative Xani-
thiiinii buds, nuticleic acidls were extractedlfromii buds
labeled in the iiianner given in table If, andl theln
fractionated ol M hcoiiliuns. 'I'lle eluitioni pro-
files on M\IAK columniiiis of the iticleic acids extracted
frolm bulds in wvhich the 5-EU and 2T' was applied to
intact buds is showni ill figuire 3. .\n examiniatioin
of the eltution lprofiles ind(licates that application of
10)-2 M 5-FU to the bud has little effect on inuicleic
acidl metabolismn. However, 10(-12 ;-EU greatlv in-
hlibited DN.\ and rRN\.\ xvith little noticeable change

4Unpublished data of J. I1. (Cherry and R. van
Hluystee.

in sRNA and(i mRNA. 'T'hese observations are illus-
trated inl table III. While 10- mI 5-FU slightly en-

lianiced the incorporation of l32 inlto sRN.\ aLnd(
iRNA, 10-2 .\, 5-FU inhibite(d D)NA aind rRN.\ sviy-

1 able 11. 1ifect of -F1 oflth lIcitaboliism of .Nuclic
.AIcid. of Xanithiuni Butds

Initact bu(s were labeled with P122 for 16 hours while
the excised butds were inicubatedl with p3L ill solutioll for
3lhours.

M etho(d of
al)lplication of

5-UFU
Control-Initact
10-32m Intact
10-2m Intact
Control-Intact
10-:' -m Intact
10-2-'M Initact

Preincubate
excised for
I hr in
10-' 'm

Method of
application of

nlltact
Intact
Initact
E'xcised
14 xcised
Elxcised

Excised
withI
1(0 _1 5-lWU

Specific
activity

of total
nucleic aci(d

( cMstl/Ig)
138
140
77

54
46

82-

C

U. V ASSORSANCY RA[D0ATMTY

0 20 30 40 50 60 70 80 900 110120 4050 10
TUBE NUMBER

aOUC

lFI(;. 3. Effect of 5-FU oin nucleic acid metabolism in
intact Xmitlhimn buds as judged by fractionation on MAK
COlumns. IPlaints grown un(der long days were treated
with 5-FU about 1 hour prior to application with 50 ,c
P32 to the terminal apex. Sixteen hours later (including
6 hours darkness) the buds were harvested and( the
nucleic acid extracted, dialyze(d and( theni fractionated
on MXIAK columns.
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thesis b)y imiore thani 60 %. M\essenger RNA syn-
thesis was inihibited by only 33 % anid labeling of
sRNA was enhaniced by 43 %, by the treatmlient with
10-2 .' 5-FU. Perhaps. 5-FU promotes the degrada-
tioIn of rRNA to snmaller RNA sub-units w'hichi are
cluted witlh sRNA.

A comiparisoni of the relative aimiotiunt of mntNA
ini intact buds labeled wvith P;'! (fig 3) to excised
l)uds labele(d in solutioin (fig 2). indicates that a rela-
tivelv greater amotunt of the newvly-svintlhesized nu-
cleic acids is composed of mRNA vhen the excise(l
tissue is labeled in solution. Therefore, the effects
of 5-FU on nucleic acid metabolism in Xautlithii
buds wvhich were treated without or with ;-FU. either
oni the intact buds or in solution prior to labeling
With P3', were compared. Figure 4 presents the
elution profiles oni MJAK columnis of the nucleic
acids extracted from buds labeled with P32 inl solu-
tion. It is apparent that there is a relatively greater
amiiount of mRNA in control buds when labeled in
solution (fig 4 A) as compared to intact control
buds labeled with P3' (fig 3 A). The application
of 10-3 M 5-FU to ilntact buds followed bv incubation
of the excised lbud(is in P3 16 hours later. inidicated lit-
tle chanige in the labeling pattern of the lnucleic acids.
Examination. however, of the elution profile of the
nucleic acids extracted fromii buds treated with 10-2 Mq
.5-FU (initact). 16 hours prior to labeling witlh P3'
in soltutioln (fig 4 C). show that synthesis of DNA
and rRNA is inhibited while mRNA synthesis ap-
pears nlot to be influleniced. Most unusual is the fact
tlhat, when control buds are preincubated in 10(- ai
.5-FU for 1 hour prior to the 3-hour inctubationi per-
io(l with 10-2 l 5;-FU an1d P32. a large apparent stilimu-
latioli of mRNA synltlhesis is observed (fig 4 C).
Data fromii the 4 elution profiles are suxmmariz'ed in
table IV.

From these data it is concluded that wvhile 10-3 M
5-FU. applied to intact buds. has little effect onl the
incorl)oration of p32 into nutcleic acids wheni labele(d
in solutionl, 10- M 5-FU inhibits DNA anid rRNA
synthesis by 44 % to 49 %, but does niot influence
mRNA svynthesis. Pretreatment of buds in solution
with 10-2 M 5-FU inhibits rRNA synthesis (35 %)
but greatly enhanices miiRNA productioni (7-fold)
while sRNA and DNA synthesis are essenitially niot
affected.

It wouldlbe desirable to make a direct quantitative

Table III. Effect of 5-FU oni the Mleta[Il)Oisi
Both 5-FU and P32 were applied to intact buds.

O.l!

O.XC

8 0.l!
CY

I-

*CONATROL ARADIOACTMTY 4

5U. V. AS9ORBANCY t|t4,

o3 M 5-FUAPPLIED.
TO INTACT BUDS ARADK)ACTIVITY

10 2 M 5-FUAPPLIED.
TO INTACTBUDSA

)*C| RADIOACTIVITY

'U.V ABSORBANCY7 ,,",

K M 5-FU APPLIED RADIOACTIVITY_'.
TO EXCISEDBUDSA

U UV. AINSORBANCY A|t.

10 20 30405 07 09 10e1014 010
TUBE NUM*BER
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300
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750
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FIG. 4. Effect of 5-FU o.l nucleic acid metabolismii
in excised Xan thiiimii buds as judged by fractionationi oni
MAK columnis. The elutioni profile presented in fig-
ure 4 A represenits niucleic acids obtainiel from non-
treated buds labeled in solutioni Nith P.12. Figures 4 B.
an(l 4 C represent niucleic acids from buds treated witlb
5-FU 16 hours prior to excision and incubation in solu-
tioni. Figure 4 D represents nucleic acids obtained froml
bud(s pretreated with 10-2 Mi 5-FU 1 hour prior to label-
illg With P32 in the presence of 5-FU. In all cases the
btuds Nvere incubated with P:2 for the samle lenigth of
timiie, 3 hours.

comparisoni between the ntucleic aci(ds synthesized in
intact (fig 3) and excised (fig 4) buds. However.
in the particular experimenits described here this is
not possible because the miiethod of labelintg an(I the
amount of P32 used for the intact and excise(l tissue
wvas different. Thus, the ratio of p32 to p31 in the
plhosphorus p0ool of the tissues would be quite (liffer-
enit. Also, the initact buds w,ere labeled for 16 hours.
inistead of 3 houirs for excised buds, in or(ler to get
adleqtuate uptake of the isotope. WNhile olylv a quali-
tative comlparison can be miiade betweeni the data ob-

of Nitc!cic .4cids in Initrct Xanithium Buids

Conc of 5-FU % of total radioactivity incorporated Specific activity of each nucleic acid
applied to into each of the nucleic acid fraction from MAK

buds fractions from MAK columns columnis (cpm/,ug)
sRNA DNA rRNA mRNA sRNA DNA rRNA mRN.A

0
l0-3 M
0-2 M

9.2
12.2
26.4

26.7
25.9
15.3

44.5
42.3
31.1

19.7
19.6
27.2

84
106
120

126
127
46

143
132
56

213
265
143

a991

0.30

0.15
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Table I'v. Effect of ;-1 1 o)i tf/i ifct(abo/ismii of .itcl/cic Acid c(fabl)olii
in E.rcised Xantblliun Butds

.5-Ft was applied to intact buds. After 16 hours the buds were removed anid incubated witlh P.;2 for 3 hours.

Conlc of 5-FU
applied to

buds

0, Initact
10 -: -m, Initact
10-2 -m, Intact
Excised buds
Preincubated in
10 2'Mr 5-FU, 1 hr

% of total radioactivity incorporated
into each of the nucleic acid
fractionis from MAK columns

sRNA

11.4
10.4
18.5

Specific activity of each niucleic acid
fractioni from MIAK
ColunIns (CpIll/g)

D)NA rRNA mRNTA sRNA DNA rRN\ imiRNA
19.2
18.7
12.5

39.5
28.3
20.0

29.9
42.6
49.0

11 ..3)' Il .6 17.9 59.2

49
43
50

34
33
19

43
37
22

si) 34 1202

taimed from intact and excised btuds, it is to be emi-

l)hasized that a good quantitative comparison can
be made between the treatments of either intact or

excised buds.

Discussion

Ini agreement with previous \orkers (2, 13) we
fotlui(n that 5-FU retards the (levelol)ment of the
flor.al plrillor(lia of l)hotoiludtced( Xan f/it umi p)lants.
I Io\\ever, only- 10- \i 5-ILU wheni apll)lie(l at the be-

,ginniinig of . sing-le (lark period effectively lprevenits
the vegetativ e apex frolmi developing, ilnto floral lpri-
iord(lia and(I exvelntually producinlg see(l. \rhen the

plants are giv-en 2 or 3 ind(utctive darkl periods, ati(l
5-FU is alppliedl at the beginniiing of eachi (lark period,
the initial (levelopment of floral prilior(lia is retarded,
but the flow-erinig stimluluis is not abolished by 5-FU
because the pllalts do develop) floral primlor(lia.

It is assumiied that the photol)erio(lic dark cycle
triggers the leaf to produce the flow erinig hormone
Which is translocated to the plalit apex. In the apex.
the flowering hormone probably acts to dlerepress
the chromatin D.NA. The cells of the apex respond
by l)roducing mRNA which co(les for enzymes re-

(1uired for the vegetative bti( to grow into a floral
l)rimordium. If these assumiiptionis are correct, and
if 5-FU were to act specifically by blocking the floral
stimulus, some part of the transcription or translation
of the genetic code would have to be altered. If this
were the case, the likely explanationi would be the
production of a defective mRNA as a restult of the
fluorinie on the positioni of uiracil. The substitu-
tioIn of fluorine for hydrogen oni the uiracil is thought
to ren(der the mRNA conltaininig 5-FU useless.
There are, however, at least 2 reasonis why 5-F'U
should niot specifically inhibit flowering in Xa-
thiu,,ii. 1) There are probably hunl(dre(ds of mRNAs
re(luired for normnal cell activ-ity, anl it is hard to
rieconlcile how only one or a few miiRNAs required
for floral development woul(d be preferenltially made
lefective while the hun(dre(ds of otther mRNA are
1iot. 2) Aronisoni (1) has showni that 5;-EU inhibits
RN.\ synthesis of bacteria vet. the lproteins svil-
tliesizedI appear to lie normial. Key anld In,gle (10)

have shown that w-hen 5-FU is al)l)liedl to soybean

hypocotyls to inhibit RNA synthesis 1y 50 % or

more, cell elonigatioln is niot affected. Tllhey also
showed that 5-EU mnay inhibit RNA sy-lnthesis in
radishi cotvledons by 50 %! -hile the inductioni of
the enzyme, niitrate reductase xwas not altered. The
total uiracil of TMV v-iruis RNA may lie replace(d by
aS multich as 47 % with fltioriniated uiracil without
losing- its aiilitv to l)rodluce local lesions on1 lho.st leaf
tissule ( 7 ) These results suigge.st thlat ni'RNA coni-

tainlin, -El. codes for norm1al li) rtein., and thlis

Ul (does iiot ilnfluteclce cell acti\ itv th\l' irldn

tioii itf nonsense miRNA.
)11 the miechanismi of actii in ot5-Ff it is not

clear-l ninderstood \x-h- certain fractions of nlutcleic
aci(ls are preferentialk- inhibited imiuch miiore thani
others. It is supl)liosed that I)NA biiosynthesis is im1i-
paire(l liecauise of the inhibition of thvmidlvate svn-
thetase )i! the S-fluorodeoxytiri(dine converted fronii
5-EU (9). It lhas also been thoughlit that 5-Ft' exerts
its effect onl RN.\ biosynthesis bi- chan-ging the nies-
sage of iniformationial RNA ( niRNA ). .\s explaine(l
above, however, this does not seemii to lie the case. The
anomnalouis result is that rRNA is inhibited apirox-
imnatelv twice as imiuch as nmRNA (talile TII).
Therefore, 5-FU treated cells, in some wav, recog-
nize the presence of S-FU andlipreferentially slow
dowvn the synithesis of rRN.\ as comlpare(l to the
relative amount of mRNA pro(ltlce(l. In onie in-
stalnce, wvhen Xauit/tiiilt buds were pretreated with 5-
FU, the productioni of mWRNA was actually eni-
hanicedl 7-fold over the conitrol tissuie while rRNA
was inhibited. There appears to he sonie regtulator
miiechaniismii which acts in the lpresence of 5 -FU to
g,reatl- reduce the syinthesis of rRN.\ as coml)ared to
mRNA.

Thlese results point ul) changes ini nucleic acidl
mnetabolism which come fromii excising tissuie andl
labeling it in solution wx-ith ani isotope. 'I'hiis quies-
tion was investigatedlpreviouslv (5) with peanut

cotvledons, and it was fotuid that the lpattern of
labeling nutcleic acids in slicedl l)ealntt cotyledons with
j)32 (didl nlOt (liffer sig,nificajntl\ fl-iiii tvle doiis

labeled oii intact lplants throu-gh the oot svstei.
Contrary to those restults, it is clear \\ itlh Nalit/11/iioi
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buds that the pattern of labeling the nucleic acids
vith p32 is quite different when intact labeled buds
(fig 3 A) are compared to excised labeled ones (fig
4 A). The major difference is in the relative
amounit of mRNA synthesized. Excised labeled
tissue contains approximately 50 % or iore p32_
mRNA than does intact labeled tissue. These data,
with Xanthiuimi. buds, are perhaps compl)ral)le to the
results of Hayashi and Spiegelman (8) on the step-
down culture with bacteria where it was showni that
transferring logarithmically growing bacteria to a

minimlal medium (step-down transitioni) caused them
to preferentially synthesize informational RNAs
w-hicl)possess base sequences complemiientary to their
lhomologous DNA. No speculation was ma(le con-

cerninig the reason for this shift in synthesis of RNA.
However, it seems reasonable. since the bulk of the
RNA in a cell is ribosomial which possesses a relative
long half-life, that when the cells are deprived of
nutrients, thereby reducing their growth rate, mostly
informational or miessenger RNA would be pro-

duced. This would he assumined to be the case if
there were a regulatorv coiltrol mleclhanismii which
would recognize the deficiencies in nutrienits and
would react by cauising the cell to l)rodllce little
r-RNA. while the synlthesis of nmRN.\ miglht be re-

(luieed very little. Similarly, tissue of higher lants
Would be affecte(d in the samie manner. Tf tissue
were remioved from the lplanlt. certaini nuitrienits,
auixiis. etc. miiight be limiting in the excisedl tissue
after a short time of incubation in solutioni. This
would be equivalent to the stel)-down cutlture of
bacteria, therefore, causing the tissue to reduce its
synthesis of rRNA. Thus, labelinig excisedl tissue
with p32, in this instance, would result in the pro-

duction of RNA containing a relatively larger amount
of.P32-mRNA than in the intact tissue. This is -pre-
cisely the result obtained in the present inivestigation.
This pheniomenon can be dramatically illustrated by
the use of double-labeling techniques.5

Summary

The application of 5-fluorouracil (5-FU) to
Xanthiun buds prior to photoperiodic induction re-

duces the development of the floral primordia.
Plants given 2 to 3 photoinductive dark cycles with
5-FU applied at the beginning of each cycle, show
less inhibition of the floral development thani when
only 1 cycle is given. While development of the
floral primordia is reduced by 5-FU it appears that
only high levels (10-2 M) applied to plants given 1
photoinductive dark cycle effectively stop flowering.
Therefore, it is concluded that 5-FU is not a specific
in-hibitor of flowering in Xantthiumzl plants.

Estimation of the amounts of various fractions of
RNA as revealed by fractionationl on MAK coluimns

Unpublished data of J. H. Cherry and R. van
Huystee.

indicate that niucleic acids from buds of noninduced
an(d iniduced planits are essentially identical. Using
the samne techniique, it was found that 5-FU inhibits
DNA and ribosomal RNA to a miiuch greater extent
than messeniger RNA. It appears that mlRNA is
fairly resistant to the inhibitory action of 5-FU.
Labeling excised tissue in solution preferentiallv pro-
motes the synthesis of mRNA as compared to intact
labeled tissue. Excising tissue fromii the planit in-
fluenlces niucleic acid metabolism in a imianner similar
to depriving bacteria of niutrients required for opti-
mumt growth (step-down cultures).
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