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Sit,,17i.r1'v. Cycocel stimulated the activity of partial purified choline kinase frolmi
spinach or squash leaves, but it inhibited the activity of yeast choline kinase. The ac-
tivitv of different Cycocel analogs on plant growth corresponded to their stimulatory
effect onl the isolated choline kinase. Cycocel had no effect upon the activity of a plant
phosplhatase which hvdrolyzed phosphoryIcholine nor tupon adenosine triphosphatase from
wheat roots or leaves.

Gibberellin A3 inhibited choline kinase activity and reversed the stimulatory effect of
Cycocel on the kinase.

Total choline kinase activity per squash plant was not greatly increased by Cycocel
treatment. However, on the basis of fresh weight, total kinase activity was increased by
Cycocel treatment. Gibberellin A3 partially reversed these increases. Treatment with
Cycocel plus indoleacetic acid resulted in a large increase in choline kinase activity.

The sanme distribution of tracer among phosphorylcholine, choline and betaine was
observed when either phosphorylcholine-Cl4 or choline-C'4 was fed to barley or wheat
roots. Cycocel stimulated the incorporation of choline-C14 into the insoluble fraction and
inito lipids. Cycocel inhibited phosphorylcholine uptake by roots.

Tlhus Cvcocel stimiiulated choline kinase activity and the utilization of choline-C14.
I'lwe effect of Cycocel upoIn kinase activity in vivo and in vitro was reversed by gibberel-
lin A3.

TIAhe growth of planits with short interniodes is the
p)rimary alterationi after treatmenlt with 2-chloroethyl-
trimethylanmmioniunm chloride3 or Cycocel (2, 8).
This effect (2, 9) is completely reversed by gibberel-
lin A3. Sinice Cycocel is an analog of choline, we
have inivestigated the effect of Cycocel on choline
anid phosphorylcholine metabolism in plants.

Materials and Methods

Materials. Choline-C' 4H3 chloride (2 mc/mmole)
and choline-1,2-C'4 (1.3 mc/nmmole) were pur-
chased from NiChem Incorporated. The barium
salt of phosphorylcholine-1,2-C'4, 0.4 mc/mmole, was
purchased from Nuclear Research Chemicals, and the
sodium salt was prepared by treatment with IRC
50 (Na+). Each compound chromatographed as a
single component in a 2-dimensional solvent system of
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for publication as journal article No. 3672 of the Michi-
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2 Present address: Sankyo Company Limited, 2-58.
1-chome, Hiramachi, Shinagawa-ku, Tokyo, Japan.

3 Abbreviations: 2-Chl oroethyltrimet hyl)m -on ium
chloride: Cycocel which was originally abbreviated CCC
(7).

water-saturated phenol followed by butanol-propionic
acid-water (1). The preparationi of Cycocel and(l
other related derivatives has been described (8, 10).

Cholinze Kinase Preparation antd Assay. Uniits of
activity and choline kinase prepiaration were the
same as described in the accompanying paper (7).
For in vitro studies in this report, the plant cholinie
kinase preparations was the fraction obtained by pre-
cipitation between 28 to 37 g of (NH4)2SO4 per 100
ml of spinach leaf sap and then dialysis against a
dilute MgCl2 solution (7). In the assay 0.01 ml Cy-
cocel (to give a designated final concentration) was
added to 0.4 ml of enzyme, and then 0.05 ml of a
stock solution of substrate and factors was added.
This stock solution contained 0.5 ml of choline-1,2-
C14 (1.5 X 10-2 M), 0.4 ml of 0.12M ATP (pH 9). 0.3
ml of 0.16 AI MgCl, and 1.5 ml of 0.2 M glycine buffer
at pH 9.6. The reaction miixture was incubated for
1 hour at 30° and the experiments terminated b)
heating for 3 minutes at 1000. Control experiments
were run with boiled enzymes.

The yeast choline kinase preparation anid spectro-
photometric assay were also described in the previous
paper (7).

Spinach leaves were purchased in local grocery
stores. Table Queen squash plants were grown in
a greenhouse in flats of soil supplemenited with
Hoagland nutrient. The squash plants were treate(l
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at the first leaf stage of grow-th with suibstances as

desiglnated in the results and then harvested at the
sixth leaf stage. Except for the cotyledons the
whole planit about 12 miml above the soil level was

usedl for enizymiie assay.

(Ito/iiL-'14(1C1(n Phosphorylcholine-C14 Metabo-
lisin 1.rperimieiits. Thatcher wheat or Traill barley
seedlig, were uised for choline-C14 metabolism studies.
\NVheat seeds were surface sterilized with 2 % NaOCl
for 30 second(s, riinsed 3 times wvith sterile distilled
w-ater, ai(l gerinaiiilted oni filter papers in a sterile

Petri dish. TI'hese minimiial conditionls for obtaining
sterile seedlinigs were developed by germinationi on

sterile agar l)lates and examiiinationl for growth of
microorgainismiis.

After 4 days for germination, 2 seedlinigs were

aseptically transferred in an innoculation box to a

black plastic rack from which the roots extended into
300 ml of sterile 0.2 strength Hoagland nutrient
solution. The seedlings were grown inside a large
glass desiccator anid the nutrient was aerated with
sterile compressed air. Exhaust air was passed
through 2 N KOH in a Vigeraux column in order to
absorl) any C14C),. Unless rigorously sterile condi-
tions were maintained both choline-C14 and phos-
phorylcholine-C14 in the nutrient culture were con-

verted in a few hours to C1409. When this occurred
the exlperiments were abandoned.

After transplantinig the seedlings into the desicca-
tor jars, they were placed in a plant growth chamber
at about 210 day temperature, 130 inight temper-ature
and 1500 ft-c of light. Rapid aeration kept the tenm-
perature inside the desiccators at less than 60 above
the chamiber temperature. After 3 days enough
sterile 0.1 AI Cvcocel was inijected into the nutrient
solution to p)rodulce a final concentration of \It.
rwentv-four hours later solutions containing the
labeled substrates were also inijected inlto the culture.
The choline-C'4 soltutions were p)repared in 50 %
(v/v) ethanol, and before use the ethanol was re-

moved by evaporation and the choline-C'4 redissolved
in cool sterile NN7ater.

The roots of the wheat seedlings remained in the
choline-C 14 solutions for 1 to 24 hours. When the
plants were removed, the roots wvere washed off Nvith
water aInd the plants divided into roots and epicotyl.
Each laant tissue xvas extracted with boiling 95 %
ethanol and then 80 % (v/v) ethanol, and both solu-
tions were combined alnd referred to as the alcohol
soluble material. T'he tissue was further extracted
with boiling water. The resi(dual tissuie was dried
anid combusted to C140., (12) w%hich was collected
in anl alkali trap. All fractions were couinted by
liquid scintillation and corrected for counting ef-
ficiencv.

Th'le distribution of C14 amliong the soluble products
wvas (leteriiiiiied hy 2-dimensional paper chromiiatog-
raphy uising water-saturated phenol first and then
butanol-p)ropionic acid-water (1). To prepare

chromatograimis it was necessary to reduce the ex-

tract to near dryness anid redissolve the components

witlh a small amiiount of 80 % ethanol. T'his pro-

cedure probably resulted in the loss of some of the
soluble lipoidal miiaterial.

Results

.Stoui/latory 1ffect of Cvcoccl oit 111iiit Cholinie
Kiastisc 4ctizvitv. \'ith dialv7zed aninomlitniu sulfate
l)reparationls of the cholinle kiniase fromii spinach
leaxes, the activity of the enzvnme wtas dlouble(l by op-
tiinial amounts of Cycocel (fig 1). In these exleri-

mental conditionis (see Metlhods) there \\ as 1 .5 X
10-\ i cholitne, 1 X 10 ' ATP anid I X 10 '
AlgCL. (3ptimal stimutilationi of kiniase activity oC-

ctirred with 1 X 10-2 al Cycocel. 'T'his stimulatioll of
the kinase activity was abolished when the Ctvcocel
was remnioved by dialysis, anid the enzymile activity re-

tturnied to its original level. Similar resuilts were oh-

taimed when the kinase was lprepared fromli eitlher
wrheat, squash or spiniach leaves.

The nature of the Cycocel stimulation of tlhe kimi-
ase activity is unknowni. As discussed in the p)revi-
ous paper, the kinase activity in the plant isii ot great
and the choline-C14 isotope assay does lnot lend itself
to development of good kinetic analyses. In exl)lora-
tory experiments, maxiinitiimi Cvcocel stimutilatioln of
activity occurred when there was apsproximlately a 5-

fold excess of Cvcocel conicentrationi ov er the sulb-
strate choline conicenitrationi.

.A yeast choline kinase lprel)aration -as obtained
wvith at least 100-fold higher specific activity oil a
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protein basis than could be obtained for the plant
kinase experiments. The yeast kinase preparation
also contained little adenosine triphosphatase activity,
while the plant kinase was mixed with much adenos-
ine triphosphatase. The activity of the yeast choline
kinase was not stimulated by addition of Cycocel,
rather, the activity was partially inhibited by Cycocel.
Similar results were obtained when the assay was runi
by either the choline-C14 or *the spectrophotometric
procedure (table I). Thus, the kinase from leaves
was stimulated by Cycocel, and the kinase from yeast
was partially inhibited by Cycocel.

Adenosine triphosphatase activity fromi both wheat
roots and epicotyl was partially purified. No in-
hibition or stimulation was observed over a range of
10-5 to 10-2 M Cycocel at pH 6 or 8.4 in the presence
of calcium ions.

Effect of Other Cycocel Derivatives on Choline Kini-
ase Activity. This laboratory has tested approximately
200 derivatives of Cycocel for biological activity as
measured by growth of plants with shorter internodal

Table I. Effect of Cycocel on Yeast Choline Kinase
The protein concentration of the enzyme preparations

ranged between 0.04 to 0.06 mg/ml.

Spectro-
C14 Chromato- photometric
graphic assay assay

Phosphoryl- A OD
choline Relative at 340 Relative

Addition formed* activity mA** activity

None 15.9 100 0.32 100
10 2 M 13.3 67*** 0.19 59

* As percent of total choline-C14 added.
** OD change in 10 minutes and corrected for a con-

trol without substrate.
*** Values ranging between 50 and 84 were obtained.

Table II. Effect of Cycocel Derivatives on Choline
Kinase Activity

Relative
activity
on plant

Cycocel derivatives growth*

None ...

(CH3 ) 3N-CH,-CH,Cl Cl- +4
(CH3),N1--CH2-CH2Br Br- +4
(CH3)2N-CH2-CH,Br HBr- None
(CH3) 3N+-CH,-CH,-CH,-Cl * Cl- +2
(CH3 ) 3N+-CH2-CH=CH2 Cl +4
(CH3 )2N-CH2-CH=CH2* HCl None
(CH) 3N+-CH,-CH,-CH3* Br- +3
(CH3)2N-CH2-CH2-CH3 HBr None

S

(CH.) 3N+-CH.,-CH-CH. Cl- +3
(CH3 ) 3N+-CH,-CCl = CH., * Cl- +3
* Summary of data from references 8 and 10.

** Enzyme activity in the standard assay (7)
addition of Cycocel was equated to 100.

Relative
in vitro
kinase

activity**

100
228
185
89
160
141
76

205

distance (8, 10). The effect of 7 of the most active
Cycocel derivatives were measured on spiniach clholine
kinase activity in vitro and all were found to have a
stimulatory effect on the enzyme activity (table II).
Three analogs which were nlot active in vivo as
growth retardants were also tested, and these (leriva-
tives did not stinmulate the kiniase activity in vitro.
The inactivity of these derivatives as growthl sub-
stances has been attributed to the removal of 1 methyl
group, so that these compounds were not triniiethyl-
ammonium salts, although the side chain ha(d the
proper structuiral configuration for activity. T'hus.
the in vivo biological activity or inactivity of Cycocel
analogs corresponds to the observed in vitro stimula-
tion of choline kinase activity.

Reversal by Gibberellini in Cycocel Stintulation of
Choline Kinase Activity. Because gibberellin A,
reverses the long-term growth effect induced bv Cy-
cocel, the effect of gibberellin A3 by itself w^ as tested
in vitro on choline kinase activity as well as the ef-
fect of gibberellin A3 on the Cycocel stimulationi of
the kinase activity (table III). Gibberellin A, in-
hibited the isolated plant choline kinase activity.
Gibberellin A, (4 X 10-4 M) reversed nearly all of
the stimulatory effect from 10-2 M Cycocel, and( in
the presence of 10-2 M gibberellin A3 and 10-2 M
Cycocel a normal rate of kinase activity was meas-
ured. Thus gibberellin A3 inhibited the enzyme ac-
tivity, Cycocel stimulated the activity, anid when
combined there was no effect. This in vitro pheno-
menon is yet another examiiple of the mutually an-
tagonistic effect between gibberellin and Cycocel
which has been observed for the in vivo growth and
development of plants (2, 9, 10).

Effect of Cycocel and Gibberellin A, on the
A4mount of Kinase in Squash Plantts. In this sttudy
the amount of the choline kinase enzyme was deter-
mnined in Table Queeni squash plants which were
grown with Cycocel, gibberellin A,, IAA and com-
binations of Cycocel with gibberellin A3 or IAA.
The internode length of the plants which were treated
with 2 X 10-3 M Cycocel was reduced to about 10 %
of normial height. Leaf development was not altered
by the treatments, and after the sixth leaf stage, the
entire plant tops were harvested and from each group)
of 8 plants a dialyzed ammonium sulfate precipitate
of the kinase was prepared as described for spinach
leaves.

Table III. Effect of Cycocel anzd Gibberellin A.
on Activity of Cholinie Kinase

Additions

110 None
1 X 10-2 M Cycocel
4 X 10-4 M Gibberellin A3

178 1 X 102 M Gibberellin A,
124 1 X 10-2 M Cycocel + 4 X 10-4 M

gibberellin A,
1 X 10-2 M Cycocel + 1 X 10-2 M

gibberellin A,3

Relative
activity

100
162
74
66

114

103
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Fromii the 2 X 10-- it CNvcocel treatmiienit alone, the
fresh wN-eight anId miig of the protein in the crude
enzyme fraction, which contained the kinase, was
reduced about half in comparisoln wvith the untreated
plants (table IN-). Oni the other hanid the specific
activity of the kinase fromli the Cvcocel-treated plants
was nearly dotll)led thllat fouind in the control plalnts.
Thtus the total nnlits of kilnase activitv in the Cycocel-
treated plailts was nearly the samiie as in the control
planits. The rednctioni frolml Cvcocel treatmenit ill
xx-eiglht and(1 in the proteini conltenit of the enlzymiie prelp-
aratioln had occnirred without loss of total kiniase ac-
tivitv oli a ler plalnt basis. Unitil the enzymiie is more
plurifiedl it caln not be (letermiiined wlvether these
changes invx-olv-e a clhanige in specific activity of the
enzyme. As shown in table IV, the kinase activity
fromii the Cycocel-treated p)lants could also be stimu-
lated in vitro by addlition bvy Cvcocel to the same ex-
tenit as the kinase fromii unltreated plants.

In aniother series of experiments, s(luash seedlinigs
were iniitially treated witlh 1 X 10-3 -\ Cycocel and
then a week later with gibberellin A3 or IAA (table
V). In this experimenit with half as much Cycocel
as used in the previous test, growth retardation was
less. The total tunits of kinase per each plant treated
with Cv,cocel had increased. The uniits of kinase
activity per 100 g of fresh tissue inlcreased eveni miiore

Table IN'. FormaiiOtioni of Choain/ Kuinase in Squash
JPlatts Treated 11 itli C(icoccl

Weight of 8 planits
Total proteini iul
Ciizvmile fractioin
Specific activity as
tinits/iiog lprotein
Total uinlits
Inicrease ill activity upon
addinlg 3 X 10-3 Ai Cycocel
to enlzyvmle fraction

Treatuleit conisisted of 1

per flat of 8 pIlants.

(oiitrol
64.5 -

200 111g"' 107()ugY

0.013
2.8

65 % 4T 5

liter of 2 X 10-3 MI Cycocel

due to a decrease in weight o f the CNvcocel-treated
planits. This ilncrease ini units of kiniase activity di(d
not occulr wvith gibberellin A. treatmelnt alonle. Planitv
treate(I \with both Cy-cocel allnd gibberellini A conl-
taiie(I less chlolilne kiniase activity thani Cvcocel-
treate(l plants. H oxxever the killase level lha(l lnot
dlropll)e( to that ini unitreate(d lplants, l)robbl)l) because
the gibberellin treatmiienlt occnrre(l a xx eek after the
Cvcocel treatmient.

Ini vivo treatmilenit xxitl I .\1\ caused rec(ltledl
gcrrOvth of tlle p)lants. T'hle uInlits of killase per plaulll
ilidl not clhlage si-gnificantlv. 1ut the tllt,it; of activitv
per g fresl xx eight of the l)lalit in1crease(l. A\ cam-
billed treatmenit of Cv-cocel plus I.\.\sigAli ficanltlx
.itillate the amiiotilit of kiinase oni tile basis of activity
per planlt anid activity per fresh weight. This stillm-
ulationi from the comlbined treatilleiit si-ggests thlat
ftirther ini xivo gro\xvth exl)erimiieilts xvith collliilbatiolls
of these 2 substances should be miiade. A svi\ergistic
effect of Cvcocel with IAA oni the growth otf parthe-
ilocarpic tomato fruit has already been observed (13).

Mctabolisvi. of Chjolinjc -1,2_C 4. Cvcocel stim
tilate(I greatly the aillotlilt of choliile-1,2-C' incor)-
oration1 in1to residual material of wvheat and barley roots.
Results showln in table VI are for plalnts which
lla(l been treated wxith Cvcocel 24 louirs prior to acId-
ilg- cllolinie-C'I'. \V'llein tlhe Cvcocel and(I cholinie-C' 4

wvere added sihltlltaileotlslv (data Ilot soi vii) a siili-
ilar trelt(I ini restilts \were oltatinedl, but the differeil've
betweeni the colitrols and treated planits \ as less..
Cvcocel treatileilt of wheat genlerallv inhibited chol-
mie-C'4 tllptake, buit this lattel effect may not be of
pllyviological siguiificalice. T'he nuttire of the resi-
dual iliaterial coiltaininig tIle C'14 la>s niot eeni (leter-
mined, ulnt it x-as niot extractaible 1)v hot 95 %, alcohlol,
80 % alcohol or l)oilillg xxater. Siiililar resuilts x ere
also oltainedl wvitll cholinle-C''1H, 1)but the results are
lnot detailed, because as itlicIl as 25 % of tlle '4 in
tIle chloline-C'I4.xI\ere unlknlowni radiation (lecoiil)o-
sitioil pro(lucts. SinlCe C14 froIml cholilne-1-.2 14

rapidly appeare(l iil the residulal fraction, tlle cllnollc
molecniles xxere probably ilncorporatedl iiltact.

TI'he products in the alcolhol soluble friactioni firoii
cholilne-1,9-C'4 llletabolisnii by barley r-oots coilsisted
of choline p)hosphorvlclloliime, betaimme anld( lipids
(table VII) Cycocel-treatel plaints coiltaiiledl little

Table V\. Choline Kina(ise .Activitv in 8 Stwai'sli Pla/n/s (iftl-/ in I i'.o 7 ratincnt
1fith Grozcth Substanicc.v

In eacli plot 8 i)lants xere treate(d after development of the first true leaf. Cycocel treatment consisted of 1 soil
(Irenclh writh 1 liter of 1 X 10- NI solution. Gibberellin A:, (2.6 X 10 Ar) and IAA ( 5.7 X 10x'r) were spraye(
on the leaves at the beginnilng of the second week and again 4 days latcr.

Treatirn nut
First W"eek
N oiie
Cycocel
N olle
Cycocel
N on1e
C(rc(xeccl

Fr xxt
Second week

None
Nolle
Gibberellin A.,
(ibherellin A.,
I AA
IAA\.

75
60
69
61
53

Kinase activity
'Units/ )lants

3.6-'
2.3
3.1
3.2
4.2_

U Ilits-/10)0 g-

3.5
6.0*
3.3
5.11-
6.1
7.8

Sigiificai,t in comlparison xxiltll conltrol,.
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Table VI. Cholinc-I,2-C' Incorporation Intto Inisoluble Traction of Roots

Time after Conitrol plants Cycocel treated plants"
Plants adding choline Total In residue Total In residue

cpIml cpni % cpm cpmn
%Vheat 1 hr 8000 710 8.9 3900 2990 50.9

3 hr 32,900 3490 10.6 12,700 6060 47.7
Barley 1 hr 12,100 1340 11.1 12,700 7280 57.3

3 hr 44,100 5560 12.6 62,900 34,340 54.6

Planits in niutrienit culture were treate(d w\ith 10-3 M Cycocel 24 hours prior to addition of choline-1,2-C'4.

Table VTII. Choline--1,2-C4 Mlletalbolismii In Barlcy Roots
Values are p)ercent (listributioni of C14 among the constituents of an 80 % alcohol extract of barley roots.

Treatment

CCholine-1,2-C'4
Clholine-1,2-C'4 +

l0t M Cycocel
Phosphorylcholine-1,2-C' 4

Choline

16

1
16

Phosphoryl-
choline

30

30
30

Betaine

47

Lip)i(ds

5

52
45

15
5

of the choline-C14 substrate; there was a signlificant
increase in Cl4 incorporatioln into the lipids. Thus
Cycocel seemiied to stimulate choline incorporation
ilnto lipids and the insoluable residue.

M1tabolismn of Phosphorylcholine-C'4. The initial
rate of uptake of phosphorylcholine-C14H3 or phos-
phorylcholine-1.2-C14 by wheat seedling was very
slow; in the order of 0.1 the rate of choline-C'4 up-
take. This result was unexpected since tracer P32
labeled phospllorylcholine had been readily absorbed
by roots (5). Perhaps only the plhosphate part of
the molecules is rapidly exchanged.

The slow rate of uptake of phosphorylcholine by
wheat seedlings was further severely inhibited by
10-3 M Cycocel in the nutrient culture. The reason
for this inhibition is not known. Thus metabolic data
on phosphorylcholine-C14 metabolism in the presence
of Cycocel was not obtained. In untreate(d plants
identical distribution of C14 among the metabolic
products was found after feeding phosphorylcholine-
1,2-C14 as after giving choline-1,2-C'4 (table VII).

Discussion

Cycocel stimulated the specific activity of choline
kinase in vitro, and the stimulation was reversed by
low concentrations of gibberellin A3. The kinase
was inhibited by gibberellin A3. This is the only
isolated enzyme system so far reported to be effected
by both Cycocel and gibberellin. However, Cycocel
also stimulated the polynucleotide phosphorylase ac-
tivity of wheat roots (3). In vivo Cycocel plus IAA
resulted in the formation of an increased amount of
choline kiniase. Cycocel alone in vivo resulted in in-
creased choline kinase activity oni a fresh weight
basis, although t'he amount of enzyme per plant did

not show a large increase. Consistent with the en-
zymatic studies, Cycocel markedly increased the in
vivo incorporation of choline-C14 inito lipids and in-
soluble constituents of the plant. This might be ac-
counted for by increased activity of the kinase.

A differenice in choline kinase from spinach and
yeast was indicated by Cycocel which stimulated the
plant enzyme anid inhibited the yeast enzyme. This
difference miglht be due in part to the higher specific
activity of the yeast kinase. However the most
purified spinach kinase which we prepared (7) was
also stimulated by Cycocel., although it was not used
for most of the Cycocel studies reported in this manu-
script.

Cycocel and gibberellin treatments result in op-
posite growth responses. The growth alteratioln
from a large amount of Cycocel can be reversed by
a small amount of gibberellin (2, 10). The Cycocel
remzains in the plaant unchanged (unpublished data).
A logical explanation for these effects has been
documented by data which indicate that gibberellin
synthesis is inhibited by Cycocel (4. 6). The re-
search in this manuscript was done before the in-
hibition of gibberellin synthesis by Cycocel was
known. The question now arises as to whether the
Cycocel stimulation of choline kinase and polynucleo-
tide phosphorylase reflects a primary or indirect
mechanism of action of Cycocel. Stimulation of
lipid synthesis would be consistent with growth of
sturdier and more resistant plants after Cycocel treat-
ment. In the presence of excess Cycocel the normial
regulatioin of cellular synthesis by gibberellin might
be prevented since the hormone would be absenit.
Then an additional direct effect from excess Cycocel
on certain enzymes might intensify the growth retard-
ation effect of Cycocel.
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The inhibition by Cycocel of choline-C'4 alnd par-
ticularly of phosphorylcholine-C'4 uptake by wheat
anid larley roots is an effect of Cycocel which has
nlot been further investigated. Phosphorylcholine
has been implicated as an organic form of phosphoruis
storage anid tranisport (5,11). The absorption of the
compotound fromii nuttrient cLulture niay niot be a normlial
l)hysiological lprocess. However the niearly complete
ilihibitioni of phosphorylcholille uptake by roots
treated with Cv-cocel indicate that the absorption was
an active process anid that Cvcocel may effect other
in vivo sites whiclh fulnctioni in choline metabolisimi.

V'ery rapid labeling of phosphorylcholinie with
P32 orthophosphate was a tuilique physiological prop-
erty of this compound (5,11). In the preselit study
Vith C14 labeled substrates, the same distributioni of
tracer amonig phosphorylcholine and betaine was
found wvhen either phosphorylcholine-C14 or choline-
C'4 was fed. It appeared that during or after ab-
sorption, a rapid equilibration occurred between chol-
ime and its phosphorylated formii. These results are
consistent with the hypothesis that phosphorylcholine
may, participate in phosphate tranisport in the plalnt.
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