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SNitmliary. Kiiiin requiring tolbacco ail(l soyl)ean tissues incubated on a miieditlumi conl-
tainiiig NV,6-benzyladenine-8-C''4 incorporated C14 into several RNA components inclu(lillg
adenylic anid guanvlic acids. About 15 % of the label taken up by the tissues appeared in
RNA while the remainider 'vas distributed amonig several metabolites in the soluible. i0oi1-
polyntlcleotide fraction. Tissue grown on a kinin labeled in the side chaini (A.6-benzx-l-
adenine-benzvl-C 14) also incorl)orate(l a snliall, but nevertheless repeatable. amiiotunit or
radioactivity into miinor RNA componients.

Ultracentri fugationl studies and nilethvlated albumini chromatograplhx in(licatedl that
the bulk of the label from benzv%ladenine-benzvl-C14 is in soluble RNA. Approximately
50 % of the C14 ill soluble RNA is in a comnponent Nvhich has chromatographic propertieo
like that of benzyladenine.

It is suggested that the biological actioni of the kinins may hinge on their providing-
substitutedl bases in RNA in tissues which through differentiation no loniger synthesize
RNA-metlhvlatin g enzymes. As an alternativre it was hypothesized thlat a small aiimoutlt
of benzyla(denine was incorporated inlto a uiI-RNA, acting there as a derepressing agent.
l)erhaps by preventing its normal repressing function.

T'he broad spectrum of biological activity ex-
hibited 1w kinetin (6-furfurylaminopurine) and its
analogues raises the possibility that certain 6-sub-
stitute(l purines have an imiportant role in the con-
trol of grokN th and developinient of higher plants.
The fact that manxy plant tissues require a kinini
for in vitro growth (15), that kinins can exhibit pro-
fotundl growth stimiullatinig effects in conicentrations
as low as 0.004 mig per liter (17). an(d that natural
kiniiis have beenl partially l)urifie(l fromii several l)lallt
sources lend support to this hypothesis.

Despite the potenitial significance of this group
of plant growth reguilators. only a single l)ublished
study exists conicelrinig the mietabolic fate of a kinini
in plant tissues. McCalla, MXoore, an(l Osborne (14)
in 1962 (lemiionistrate(l that seniescinig cocklebur and(I
bean leaves converted N,6-benzyladenline-8-C14 into
a number of low molecular veight substances which
included adenylic, guanvlic, and inosinic acids., benzy%l-
atdeniosine, and prob)ably benzyladenvlic acid. TIn ad-
(litioni thex reported that althiotlugh there seemedl to be
a tiniy aimiounlit of a, labeled comltulllid in alkaline hy-
drolvsates of cocklebur leaf RNA wN,hich was chro-
matographically similar to benzyladenvlic acid, the
amnl0Ellt was too small for conlfirimlatioln, alid it wvas
conclu(led that benzyladenine is lnot illcorl)orate(d itito
RN.A to aniv significanit extenit.

Supported by National Scienice Foundation Grants
G21765 and GB3132.
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If, however, one desires informationi dealing with
the role of kinins in cell divisioni and growth, it wouldl
seem appropriate to investigate a systeml in which
kininis are limiting for these processes. Accordingly
tobacco and sovbean tissue cultures wlhiclh have an
absolute kinin requirement for in vitro proliferation
were chosen for this study; evidence is presented here
that a kinin, N,6-benzyladenine (BA) 2 is incorpor-
ated into the soluble RNA of these cultures. A pre-
liminary report of these finidinlgs has been made (9).

Materials and Methods

Svnthesis of C14 LabeledN,6-Benizvladeiiinc. The
general synthetic method is essentially that of Daly
and Christenseni (6) in which 6-chloropurine is re-
fluxed with the appropriate aminle. In the present
study, however, the reactioln was carrie(d outt in water
instea(l of ni-butanol because of the relative insolubil-
itv of the end product comnpared to the reactants and
possible impurities anld the colnsequlenit ease of puri-
fication.

T'he synthesis of N,6-benzyladenine-8-C'4 (BA-8-
C'4) was achieve(d bv refluxing 2.15 mig of 6-chloro-
pJurine-8-C'4 (Calbiochem, specific activity 3.6 miic/
niNi ) for 8 hours in 50 ml wvater conitaininig a like
amount of unlabeled 6-chloropurinie alid 1.0 inl
benzylamnine. 'I'he reaction miiixture was taken to
drynless in a rotary evaporator, the crystalline mate-
rial washed twice with 2.0 ml of ice cold water, and
the residue taken up in 10 ml hot 95 % ethanol.
This preparation was further purified by chromatog-
raphv on acid wvashed Whatman No. 1 paper.
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P4reliniinarv stu(ilies with uinlal)ele(l material in-

dlicate(l that such Za P)rCeC(lnre resulted in better thlan
SO % yields of p~ure white. crystalline miaterial, nipi
231 to 2320. prestimed to l)e X\,6-benzyladenine and
having ultrav-iolet spectria (d(etermniiedl with a 11auisch
and 1,ombil iiiodtel 505) recor(lingi sl)ectrol)hotomieter)
aIS follo\\-.s: X Imax 0.1, N Nflt-140 27.5 mu., X miax
0.1 N FICI 274.5 mi,st. X max hL0 pH 6.0 269.5 nijs
Th'le iiieltii, point and uiltra\idlet spectra are in good
agreen ent with published v-alues for AV.6-henzylade-
ninie ( 2 ). In addition this miaterial lprov-ed to hiave
excellenit kininii activity- in both tobacco and soybean
test svstemis. indlucinlg (letectalile pro)liferation in the
latter at concentrations as; low as 0.1, pg/liter.

Bneizv-l labeled A7.6-benzvladenine B A-benizvl-
0''') was synlthiesized inl a similar miannier 1y react-
mol() 14.(9) m~ of benzvlamine-7-0C' 'l.Specific
activ-ity 6.7 inc/nnia) with 16.18 um (2.5 ng) 6-
chloropturine. For thle preparation of sonme batches.
benzyv'laminle-7-_C' 4--ICI ( Calbiochem., sl)ecific ac-
tiv-itv- 4.1 inc/ini'a) w\as use(l.

Preparation of lIissite lExtracts. Th'le origini of'
the soybean and( tobacco tissuec cuiltulres used hie-re,
their absoluite (lepeindence up)on a kiiiini for in vitro
cultivation, and their growth oni various levels of
kinin and auixini have p~reviousIv' been (lescril)ed (8.
10).

P'or the p)rep)aration of nutcleotidles for anion ex-
chiange clhromatograp)hy. tissues were ground in a
\Waring' b)Ilendor with suifficienit boiling 95% ethanol.
to achieve a finial concentration of 70 % ethaniol.
The extract was centrifug-ed at 3000 X yfor- 20 miii-
uites. the clear- supernatant fluid (decalitedl. aii(l the
l)ellet r-eextr-actedi with successive washies- of hiot
95 %, ethanol, absolute acetone, acetone-(liethvl ethier
I1:1. \-/\. and 70 C ethanol. A finial hot 95 %
ethanod w~ash was es.~entiallv free of (letectal)le C14.
Theli pellet was theii stirred inito 10 timies iits volume
Of I N IKO )1 and incubated at 28' for 18 houirs.
P~otassiumi was reimovedl as the p)erchlorate 1y cenitri-
fugiiig at p' I I 7.5. D NA. polynuicleotides were thien
l)recilpitate(l at 1)H 3.5; (I-ICl) iii the p)reseince of mag-
liesiumii liols by adding 3\voluimes of ice-coldI 95 %
ethanol and allowing the w hole to stand at 0' for 6)

houirs. Precil)itate(l iuiaterial was ceiitri fuged off,
washed twice with coldI 70 C/ ethanol, and( takeni up
in a small v-olumiie of wvater adljuste(l to p1) 8.0 witli
NaI-)11. Thle sup)erniatant fraction, containing- R N.\
nutcleotides. as wvell as the ethanol, acetone and( ethier
extracts wNere takeii to smiall volumies in a rotary

evapiorator.
RNA\ nutcleotidles were fractionated oii IDowex-1

anion exchange resiii bv a miethiod (lifferilig onlv ill
niiniior respect.s froini that of Cohnl and \'olkiii (4)
ail(l (lescril)e(l in the legend to figuire 2.

In other experimients tissues were hona'-enized at
20 in 0.2 Mv rris-HCIC buffer. pH 7.6. containing 0.5 \i

suicrose. The homiogenate was centrifuged iii a

Spinco fo(lel L- ultracentrifug-e ait 12.000 X q for-
I.5 minuiites. Thle se(limieiit was (liscardedl aind tile
sup)ernataints centrifuged at 105,000 X q (or- 18))
minuittes. Th'le pa~rticulate fra:7tion thuts obtained wvas
washed 1y resuispension in thle honiogeiiizing iliehininii
ani(l a second( sedimentationl. The cenitri fug-attc( as-
suiliie(l to conitacin ribosonmal RN A) and the sulpernia
tault fractioni ( soluble RN.A) were treate(l bv the
miethiod of Bergquist and( 'Matthiews (1) which iii11
VOlve-s extensive (lialvsis and( reprecipitation of the
IZNA anid wNhichl is (lesigned to minimiiiize conta-niina-
tioni of RNA\ 1v low miolecuilar weight. nomilolvnnicle-
oti(le miaterials.

Trotal niucleic acids wNere extracted for- niethivlated
albtimin chroma,togrraphy bv ai miethiod essemitiallv tha(t
(lescril)e(l by Cherry (3). Preparation of the liiethivl
aite(l albumin and( fractionation of iliucleie aIcidIs onI
coliumns of this miaterial followed the p)rocedulres of
Mandell and( Hiershey (13).

hstimration, of RadioactiVityv. )istributioui
iradioactivitv oni paper chroniatograniis w~as (letei'iiiiile(l
eithier bv atitoradiographv oni K1o(lak no-screeii Nxray
filmi or 1v scanning wNithi a Nuclear-Chicago Acti-
grraph [1 piaper strili c~ouniter'. l_4 0' an1 (stiiniat ion
thle aniounlt of ra(lioactivity Onl chronmatogramls. st rips
of paperC applroxiniiatelv 1.5 X 3 cmi were iniiniiersedi iii
15 iiil of a solutioni for scilitillatioin couniting( [50 lug-
of 1 ,4-bis~-2- (4-miethl,-5-ph-)ein-loxazolx\1) benzeiie and
3rg f p-terphienvl per liter of toluiene] in standard

couniting' vials. Saniiple(s we're ,iissavedl for- radi ma'

Tab)le 1. I)istribittion of kadioactivitY from, Bcn,~vyhdeninc lit Soybcan and Tob)acco 'Tissuess
Th'le figures represent at percent of thle C' 4 takeni up hy the tissuies as benzyladenine andI are averages of 2 to5

experiments. Each experiment inivolved 30 pieces of tissue, inicubatedI froml 20 to 40 daYs, oni 250 ml of a mnedIiumi
containing anl averag.e of 6.763 X 106 cpm as C-"- labeled benizvladleninie. Of this amount ani average of 2.75) x 10;
epmt (o"r about 40 '4r of that admiinisteredl) -were recoveredI liv extractioni fromi eachl batchi of 30 pieces of tissue.

Fractioni

-Nonp)olynucleotide,
loxv' mlolecular
wel'ght miaterials
'l'otal RZNA

Soluble RNA\
Ribosomial RNA

DTNA

AV,6-Benzyladenine-8-C 4

Tobacco Sovbeani

1'4 of totalI

84.5
14.7

0.8

84.3
15.0

A\',6-Bemizyladenine-ban1zyl -C
Tobacco Soybeanl

'4e' of total

981)
2.0
1.6
0.4

<0.0010.7

98.3
1.7
1.5
0.2

<0.001
* See text for details of extraction procedutre.
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tivitv in a I'ackar(l tri-carl-) iimo(lel 334 liquidi scin-
tillationi spectromleter.

Fractionis from1 anioni exchange or methvlvated al-
b)umin chromatograp)hyvere dried in a strecili of air
at 60° on1to \Vh11atman1 No. 1 paper strilps which w-ere
couInted 1b liqtiii scinltillationi. Alternatively in somile
exl)erinwents fractions w-ere )oole(l, takeln to dryniess,
miiade up to a smiiall volume in water and(l conlnted in
(luplicate or triplicate by liquicl scinitillationi spectroml-
etry (50 plportions of the samllple w-ere adidled to a
coulintinlg vial wh-llich conitailne( 5 ml al)solute ethaniol
aniid 10 ml of the counting solutioi p)reviously de-
scribe(ld).

Results

Mllctabolisin of N,6-Bci.-yladcninjC_-8-C'4. About
41 % of the C14 supplied in theimediumiii as BA-8-C'4

1.0-2.() mig/iter) was recovered by extraction fromi
tobacco tisstuc harvested after 35 days cultuire (avg
vield: 31 mg tissue per nml me(linim). No attempts
were m1a(le to recover possible excretioi p)ro(lucts in
the miie(litulm or the atmosphere or resi(lllal radioac-
tivitv in the mzaterial insoluble after alkaline hv%dro1-
sis. Fromii soybeans grown for 40 days (avg yield
38 mig tissue per ml medium) a like amiioutnlt (40 %)
of the C'4 available in the mle(lium was obtained in
extracts. The bulk of the radioactivity was in the non-
polyntucleotile, solul de fractioni although a substan-
tial amiount of labelin(g in RNA also oc -urred (table
1).

Chromatography of the nonpolynucleotide frac-
tions extracted in ethalnol andI other organic sAlvents
revealed extensive metabolism of the plurimee ioiety of
the kiniin. At least 9 radioactive metabolites were sep-
arated by papaer chromatography of extracts of both
soybean al(lC tobacco (fig 1) although the hulk of the
C'4 is colnfinied to 2 or 3 products.

It is clear (table I) that the purine miioiety of N.
6-benzyladeninle is incorporated to a fairly large ex-
tent into the RNXA of soybean and tobacco tissue.
Anion exchange chromatography of RN.\ nucleotides
shows that both mlajor and minor components of the
RNA are labeled with C1' (fig 2). 'I'lTe purine
moiety of henzvladenine appeare(l to be incorl)orated
inlto gu1anvxlic acid l)referentially to a(lenylic acid (fig
2). ''o check this point further, KOH hvdrolysates
of tobacco RNA were chromatographed oni \\'hat-
iianl 'No. 3 'MIM paper and assaye(d for radioactivity in
a taper stril) couniiter; againi the hulk of the C' 'w.s
associated wxitlh guanvlic aci(l (fig .3).

)lJct(lbolis)Il of NV6-Benl--Wadenin c-Beii 1,l-C' 4.
Fi-tire 1 (lemonistrates that the sidle chain of benizvl-
adeniine is likewise extensively metabolized. A\n even
ninore striking finding is that mimost of the radioactive
metabolites of benzyl labeled benizylva(leninve (lo niot
correspond in R, values to radioactive metabolites
of pturinie rinig labeled benzvladeninle. Suclh a find-
ing inidicates that the bulk of the kinin takeni up by
the tisstue has been (legraded. Liquid scintillation

couintinig of paper chromatogranis runii in sexeral sol-
vent systemis shows that the benzIvl side chaill was
cleaved froml the adenine moiety in miior-e tlhanl 905 %
of the benzvladenine takeni il)pby the tissuie.

Sinice the ptiriine litc]euis. of benzyladenine was
incorl)orated inlto both milajor aln(d miniiior WN.A coni-
lonents (fig 2), it is imilportanit to know wvhether or

aiot the benzvl si(le chaini accompanied the enitry of
anv of the ptrimie inlto polynuicleotides. Accordillgly.
KOH lhvdrolvsates we-re miiade of exhauistiv,ely ex-
tractedl tissuie whiclh had been growing oni Cl)enll%\'-
adenine-benzyl- 1' 4. and these showved a simiall, blut
(lefilnite anid repeatable, amotint of radioactivity (table
1). The distribution of C'4 ill nuticleotides froim the
1,OH hlv(lrolvsate fractionied oln Dowex-l anion ex-
clhang-e resini is sho\wnl in figure 4. This p)roce(lllre
hias been repeate(d several timiies andCl each fraiction
couintedl by both liquid! scintillation techniiqtues de-
scribed in -Materials anid 'Methods; with the exception
of minior (lifferences duie to subtle variations in techi-
niqie, the general l)attern of labeling sho\vn in fig-
ture 4 was alw avs obtained.

Radioactive material eluite(d froim the columinii jtlst
prior to adenosine-2'-phosphate (fraction a, fig 4)
is of l)articular imlportance since it occuirs as a majcor
radioactive peak in the RNA of both kinin requir-
ing tissuies. This fraction was taken to dryness, by-
(Irolyzed at 1000 in 1 N HCI for 90 minulttes, the HCl
renmoved with the aid of an ioni-retardation resin
(AGI 1A8, Calbiochem) and the hydrolysate co-
chromiiatographed on Whatmian No. 1 paper witlh
benzvladlenine. Abouit 75 % of the radioactivity was
associlated wxith the benzvladenine conitrol spot in the
following solvent systemiis: (a) water (b) t-btltyl-
alcohol, glacial acetic acid, water (3 : 1: 1, v/v) (c)
isoprol)anol, HCI, water (6/70: 176: 154. /v) (d)
isolpropanol, N1II,011 wvater (16:l: 3.v/v). Thle
b)ulk of the remiain(ler of the C1 4 mov-ed "vith R,,.
values in these solvent systems similar to V.6-methyl-
adeniine. Radioactive comlponlents b ai(i c, especially
prominelnt in tobacco, occtur in amiiounits too smllall eveen
to obtain ultraviolet sp)ectra aidI have not been idenlti-
fied.

S'cParatioii of Labeled RNA i11to Soluble and Ribo-
somnI(Il F;-actionis. In order to dietermiiine if the ob-
serv-ed incorporatioln of benzyladenine occuirred lpref-
erentially into any R_NA species, soluble anld ribo-
somiial fractions were obtained bv differenitial cemi-
trifugatioin and purified by the m1etho(l of llergqtuist
auid 'Matthews (1). Il a typical exl)erimlent RN.AX
was isolated fromii 29 g of tobacco tissiue which had
been growing for 30 (lav-s oii a ie(liuill cotaininiig
.N\,6-benizvladeniine-1)enizvl-C '. The combined solui-
ble nonpolyniucleotidle fractiolns conitaimledi approxi-
mately 10'; cpm, while the l)lprifie(l soltble RN.\
fractioni conitailne(i 15,60 cpim adii the rilosomnal
RNA 36.58 cpm. A similar excess of radioactivitv ill
the soluble RNA as comiipared to the ribosonimal frac-
tion was obtained in repeat ruins tisiilg the differential
centrifugation techlnique. In genieral the amoutlit of
C'4 incorporated ilnto soluble RNA varied from 0.5
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Fi(;. 2. Anion exclhange clhromatogr-anii of KOH hv-
drolyzed RNA from tobacco and soybeani tissues grown

oni N,6-benzyladenine-8-C' 4. Nucleotides from about 15
g (fr wt) tissue were put oIn a column 1 X 12 cni
of Dowex-1-X 8, 2(0 to 400 meslh in formate form. The
column was eluted as follows: A) 0.02 Mi formic acid,
B) 0.15 ar formic acid, C) 0.01 M\ formic acid + 0.05 Mi
ammonium formate, D) 0.1 Mr formic aci(d + 0.1 M\ amii-
miloIiuI formate, E) coInvex gradienlt 0.1 M to 1.0 M

formic acid + ammiloniumlil formiiate, F) 1.0 M formic .cid
+ 1.0 NI ammiloniiumii formlate. In somiie runs F) was

omiiitted without changing the results. See text for de-
scription of assay for radioactivity.

to 2.5 % of tlle (C14 p)resent in the nonpolynuicleotide
material.
As a furtlher clheck on these results total cellular

nucleic acids froni soybean and(I tobacco tissues growni

for 30 days on a iniediunii containinig N\.6-benzVladen-
ine-benzvl-C'4 were subjected to nmethvlated albumin
chromiatography. Again it is clear (fig 5) that the
great bulk of the radioactivity is in soluble RN.\
although small amlouniits appeared in other lZN.\

fractions. The identity of radioactive comll)ollellt (I

is not clear although a substance havin- simiilar clhro-
iiiatographic properties has been characterized assre-
cursor transfer RNA (5). The fractioinationi slhowxv
in figure 5 has been repeated 4 timiies with c.iniilar
results.
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1li(;. 3. Distribution of C(14 in RNA nucleotides
fronii tob)acco tissue growni on .\6-henzyladenine-8-C''.
Ntucleotides were separated by chromatography on Wlhat-
miian No. 3 MM paper in isobutyric acid, water, NH.OH,

0.1 m disodium ethylelne(liaminetetraacetate (100: 55.8: 4.2
:1.6, v/v). Radioactivity was assayed in a Nuclear-
Clhicago Actigraph II paper strip counter.
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l ,.4. Aniioni exchange chromatogrsl-am of KOTT lby-
drolyze(d RNA from tobacco anid soybean tissues growni
onl N,6-benzyladenine-benzyl-C14. See legenid to figure
2 for fractionation procedure. See text for descriptioll
of assay for radioactivity.

FI(.. 1. Radiochromatogranis of the soluble. nonpoly:iucleotide fraction of tobacco and sovl)ean tissues, glonl oil
media containing NA,6-benzylacIenine-8-Cl4 or .V,6-benzy ladenine-benzyl-C' 4. Several of the miinior radioactive
spots were too fainit for photographic reproduction. Solvent systems: t-butyl alcohol, glacial acetic acid, wvater
3:1:1, v/v (A and C); isopropanol, HCI, water (670:176:154, v/v) (B): isopropanol, -NIHOH, xvater (16: 1: 3,

v) (D).
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Soluble RNA isolated on, methylate(l albumiinl col-
tunlll.swas precipitated along with unlabeled carrier
RNA by adding 3 volumiies of 905 % ethanol in the

1.0

0.I

1.0

0.3

0.1

> b t.\ ~~~~~~~~(5)
SOYBEAN 300
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di 4W DNA 100

TOBACCO 300 0
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FIG. 5. Fractionation of nucleic acids from -tissues
growing on media conitaininig N,6-benzyladenine-benzyl-
C'4 on nmethylated albuimin-coate(d kieselguhr (13). Nu-
cleic acid (in 0.05 Mt soliumii phosphate buffer, pH 6.7)
was extracted by a plielol-sodiumll lauryl sulfate metho(d
(3) from about 10 g (fr wt) tissue, and( separated o01 a

columnili 2 cmil in diaiieter having a 50 ml bed volume.
The columni was eluted with an NaCl gradient fro.
0.3 at to 1.2 M. See text for details of radioactivity as-

say.
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FIG. 6. Chromatographic distribution of radioactivity
in an HCI hydrolysate of soluble RNA isolated from to-
bacco tissue grown on N.6-benzyladenine-benzyl-C' 4.
RNA was isolated by methylated albumin chromato-
graphy as shown in figure 5, and hydrolyzed in 1 N HCI
at 1000 for 90 minutes. The hydrolysate was co-chrom-
atographed on Whatman No. 1 paper with unlabeled BA
in t-butyl alcohol, glacial acetic acid, water (3: 1: 1, v/v).
Strips were cut out and assayed for radioactivity by
liquid scintillation spectrometry as described in the text.
Each point is the midpoint of a strip (area of strip is
(lesigilated by dotted lines).

presence of magnesium ion1s to the elute at p1)1 4.0
anid allowing the miiixture to stanid overnight at 00.
The precipitate was collected by cenitrifugatioil,
washed twice wvith /70 % ethaniol, anid hydrolyzed in
HCl at 1000 for 90 minlutes. About 50 % of the
radioactive material in the hydrolysates corresponded
in Rvvaltues oni paper chromiiatogramiis to benzyladen-
imle in 3) solvent systemils (see for example fi 6).)
Oine other major ra(lioactive comiponent was present
in bo1th sovlbean ali(l tobacco soluble RNA.adwd S
clearly separated fromii the benizyladeninle area i!l each
of the 3 solvent systemis used. The seconld labeled
componients are nlot the samiie substance in the 2 tis-
suies, however, sinice their RF valuies clearly (liffere(l.

Discussion

The data l)resented in this paper suggest that a
small amount of the benzyladeniiie supplied to kinin
requirilng tissues is incorporated into soluble RlNA.
The most convincing evidenice for this inicorporationi
is that radioactivity appeared in RNA even when the
kininiwas supplied with C14 in the nionpurine portioni
(niethylene carbon of the side chaini) anid that up to
50 % of the radioactive miiaterial in soluble RNA had
RF, values oln paper chromiatogranms simiilar- to that of
)enlzvladenine in 3 solvent systemiis.

Ouir data do lot, however rule ouit the possibilitv
that the benzvl si(le clhaini is first removed fromn
benzvladenine anid theni reattaclhc(l to adeninie al-
ready in RNA in a manner analogolus to the enlzv-
matic methylationi of RNA copnll)llents, a process
which is knowni to occur at the polynucleotide level
(7). Furthermiiore, the metabolismn of BA-benzyl-
C1-4 leading to entry of the labeled mliethvlenie carbon
inlto the active metlhyl pool couild account for tlle
presenice of C14 inl the otlher soluible RNA components.
Our stuidies niiake it appear probable that both int.act
BA and some of its imetabolites are incorporated
into soluble RNA.

The incorporationi of uninatuiral bases presimiiialy1
initact into thle nlucleic acids of various organismns is
well established (e.g. 12) and(1 it is lnot sutrprising to
finld a similar ilncorporation of the adeninie analog
studied here. \Vhether or not the presence of benzyl-
adenine in RNA is related to its biological ftunictioni
cannot be answered Nvith tlle present study. It is in-
structive. however, to note that nearly all of the
benzyladenine taken ulp is degraded by botlh soybean
and tobacco tissues; the benzyladenine found in RNA
apparently constitutes a substanltial portioni of the
kinin remaining intact in the tissue after 20 days.
It is, of coturse. possible that benzyladenine lhavinig
fulfilled its biological role is then immediatelv de-
graded; equally likely is that one of the minor metab-
olic products founid in the soluble nolnpolynucleoti(le
fraction is an active kinin. Oni the other lhand the
ability of kinins to promote RNA andl lprotein syil-
thesis in several systems (19) anid the high de-ree of
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FOX-KININ INCORPORATION INTO RNA

localization of kinin effects to their site of applica-
tion (18, 23) suggest that kinins are rapidly incor-
porated into larger molecuiles such as RNA, a pro-
posal first ma(le by Thimann and Laloraya (23).
Furthermore the effectiveness at very low concentra-
tiolns of the kinini, N.6-(,y,y-dimethylallyl amino)-
purine (21) and the activity of low levels of kinetin
(N,6-furfurftrylamaiinopurine) itself in a kinin-re-
quiring strain of Clostridiumiii theermoccillum (20)
raise the possibility that the relatively high BA re-
quirement exhibited by the tissue cultuires used in
this study is relate(d to their ability to degrade much
of the kinin taken up. Presumably then, only a small
amount of the BA entering soybean and tobacco tis-
sue is actually functionial, perhaps as a part of soluble
RNA.
There is an obviouis relationship between the 6-

substituited adenines which act as kininls andl the
methylate(d bases known to exist naturally in RNA.
One of these, N,6-methyladenine, a naturally occur-
ring constituent of the RNA of several organismiis.
has, in fact, distinct kinetin-like properties under
certain circumstances (16). Studies with N,6-
methyla(lenine-methyl-C14 indicate that this kinin is
likewise incorporated into the RNA of kinin-requir-
ing soybean and tobacco tissues (unpublished data).
The recent discovery that certain 1-substituted aden-
ines are also kinins (11) bolsters the possibilitv that
kinin action is related in some mlanniier to that of the
unusual bases in RNA.

The function of the minor comll)onents of RNA is
still obscure. Recent studies of Comb and Katz (5)
indicate, however, that precursor transfer RNA (t-
RNA), which has an overall base composition similar
to fuinctional t-RNA but lacks methylated bases and
pseudouridine, is unable to form amino acyl RNA;
on the other hand( it should be l)ointed out that earlier
results by Starr (22) with methyl poor t-RNA conl-
tradict this finding. WVhatever the specific functioni
of methylated bases in RNA, it is tempting to think
that the incorporation of BA into t-RNA confers
amino acid transfer competency on the n^olecule. much
as methylation may do. An interesting consequence
of this line of reasoning is that those !lant tissues
which require kinins for in vitro growth mayv have
lost the ability to methylate RNA, the kinin by virtue
of its incorporation into RNA provides the biological
equivalent of an RNA methylating enzymiie. It could
be visualized, therefore, that the control for the dif-
ferenitiation of a meristematic plant cell inito a noni-
dividling one is the switching off of genetic iniforma-
tion for the syinthesis of RNA methylatinig enzymes.
Such an idea implies that kinins have no normal bio-
logical role in the intact plant but simply furnish an
alternate miethod for providing substitute(d bases in
RNA, thus stimulating in vitro growtlh of (lifferenti-
ated cells.

Althouglh it is clear that no C14 from BA-benzyl-
C14 is incorporated into tobacco and soybean DNA,
the small amiount of radioactivitv in RNA fractiolns

other than soluble RNA might have significance.
Especially interesting is C14 labeled component e (fig
:5) eluted from the methylated albumin column near
the end of the ribosomal RNA fraction fromii both
soybean and tobacco tissues; similar areas oln chro-
matogramis of peanut cotyledon ntucleic acid have beeln
described by Cherry (3) as messenger R.NA. An at-
tractive hypothesis is that kinins act as derepressing
agents, perhaps by being incorporated into a par-
ticular tmi-RNA thereby preventing its normal repress-
ing ftuniction. Further work is nieeded to discriminate
between this and othler equally likely polssibilities.
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