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The distribution and degradation of chlormequat chloride (2-chloro 1,2-i4C ethyl- 
trimethylammonium chloride) was determined after uptake by the roots of summer 
wheat seedlings. This plant regulator was readily translocated from the roots to the 
above ground parts and converted into choline. Choline was further metabolized to 
betaine which upon demethylation yielded finally glycine and serine. Both amino acids 
were incorporated into a protein fraction. 

The occurrence of radioactively labeled glycine and serine in the amino acid pool and 
the evolution of %OZ from chlormequat treated plants indicated that serine was formed 
from glycine under the release of “COn during photorespiration. 

One week after the uptake period 82% of i4C chlormequat taken up by t,he roots was 
recovered as the parent compound or as breakdown products in wheat plants. In addition 
,5’% of the amount taken up by the roots was released as ‘%OZ by the leaves. 

Fifty per cent of the total amount of chlormequat originally present. in roots and leaves 
was already metabolized after 7.5 days. No evidence has been obtained for the presence 
of unchanged chlormequat or an unknown metabolite in the nucleic acid or protein 
fraction. 

INTRODUCTION 

The growth regulator chlormequat, the 
chloride salt of which is CCC (2-chloro- 
ethyltrimethylammonium chloride), is 
widely used to prevent, lodging of wheat 
(l-3). Conflicting results have been re- 
ported on the fate of chlormequat in 
wheat and other plants. According to 
Blinn (4) and Birecka (5) t’he compound 
undergoes very little or no metabolism. 
On the other hand it, has been reported 
repeatedly that chlormequat is converted 
into choline (6-12) : 

ClCHzCHzN (CH& + 
chlormequat 

HOCHzCHaN (CH,), 
choline 

Only a few data are available about the rate 
of disappearance of chlormequat from 
wheat plants. Jung and El-Fouly (10) 
found a complete breakdown to choline 
within 10 days, whereas Mooney and 
Pasarcla (13) and Bier and Dedek (7) 
showed a biological half life for chlormequat 
of 13 and 2.5 days, respectively. In contrast, 
Birecka (5) and Bohring (8) reported that 
the t#otal amount of chlormequat (radio- 
actively labeled) did not decrease during a 
4 u-k period in wheat. It. is diluted by plant 
growth which results in a decrease of 
chlormequat per gram dry weight material. 

In general the plant material is extracted 
with et.hanol or methanol and little at- 
tention has been paid to the radioactivity 
which ends up in the residue after alcohol 
extraction. Schneider (11) found that 
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60-85y0 of the added radioactively labeled 
chlormequat was recovered in the et,hanolir 
filtrates, the rest being in the residue. It is 
known that, alkyl halogens can react with 
sulfhydryl groups of cysteine and glutma- 
thione to product thioethrrs (14). On the 
other hand Brook et al. (15) asmme a 
binding of phosphon S, (2,4-dichlorobenxyl- 
t8ributylammonium-chloride) a growth regu- 
lator which also contains a quarternary 
ammonium group, to t,hfl nucleic acid frac- 
t#ion. The residue after alcoholic ext,rac- 
tion wrtainly cont,ains both nucleic acids 
an d proteins and it. seemed of interest,, 
t htwfow, to tlc+erminr whetsher chlor- 
mcquat Or a metaholite occurrc~d in the 
nucleic acid or protein fraction. 

This paper t8hw deals with the fate and 
distribution of chlormequat in different 

fractions of wheat seedlings. 

XATERIALS AND METHODS 

Sumner wheat swdlings (l’~iticwr aesti- 
vu.w L. cv. Juffy) ww gron-n for 1 w-k on 
l’wlite (heatr>d vulcanic rock, Pull, Rhencn, 
Thtt Ncthrrlands) and xvatcred with a 
nutrient solution pH 6 (16) at 20°C in a 
growth chambrr. The plants rcwived 65700 
erg CII~-%~ (Philips HPL fluorcsccnt lamps, 
and incandescent lamps with a radiation 
wgiou of 400-700 run) for 12 hr per day. 
Twent,y, OIIP week old, seedlings with one 
fully grown leaf were t#ransferwd with the 
roots to 8 ml of the nutrient solution in a 
glass beakw wit.hout Perlite. The growt’h 
regulator, 1,2-14C chlormequat (4.49 &i) 
made up t(J a final concentration of 0.115 
mM v,-as added to the solution. Six hours 
later this solution was replaced by the 
nutrient solution and the plants wrc 
harvested 0, 7, Or 14 days later. 

Radioactive Chlomeyuat 

The growth regulator, 2-chloro-1,2-14C- 
c+hyltrimethylammonium chloride was ob- 
tained from New England Nu&ar Corp., 

Boston, Mass. (sp act 4.81 mCi/mmole or 
30.5 d3lmg). Radiopurity was esta- 
blished by chromatographing a sample in 
n-butanol-ethanol-acetic acid-water (8 : 2 : 
1:3). The sample contained 98% chlor- 
mequat. (R, 0.58) and 2% unknown com- 
pounds, one cochromat,ographing with cho- 
line (RI 0.45). 

Coulltitlg 

All c!xtracts and chromatograms were 
counted in a Nuclear Chicago Mark I 
liquid scintillation spectrometer. Aliquots 
of O.l- 1 ml of t,he various solutions were 
dissolved in 10 ml scintillation liquid. The 
wIlipJsiti~JI1 Of the scintillation liquid is 
given by Veen (17). 

Evolutiotl of 14C02 

In a fw- experiments the plants were 
plawd for one week in a closed glass cham- 
btbr after the uptake period. Air was cir- 
culated through the glass chamber and 
L4C0.1 t,rappcd in two different successive 
flasks connected with each other and filled 
with 100 and 50 ml phcnylet’hylamine, 
rwp. 

Aliquots not exceeding 10 mg of dried 
reniducs of plant matcAria1 Lvcrc combusted 
with pure Oxygen in scintillation flasks 
(Micro-Mat BF 5010, Bcrthold-Frieseke, 
Karlsruhe, B.R.D.). Liberated 14COz was 
trapped for counting in phenylethylamine 
as describrd by Fuchs and dc Vries (15). 

Sample Preparation 

Zero, sown and fourteen days after up- 
take of chlormequat the plants were re- 
moved from the nutrient solution and 
thoroughly cleaned with 50 ml water. 
Roots and foliage were separated and 
immediately c>xtracted xvith phosphate 
huffrr (Fig. 1). Aliquots of the nutrient 
ScJlUtims and washings were counted to 
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FIG. 1. Flow chart of the procedure for extraction of chlornwquat and breakdown products from wheat seedlinys. 

determine accurately the amount of chlor- 
mequat taken up by the plants. 

For nucleic acid extraction the roots 
were removed and only the zone of 0.5 cm 
including the apex and subapical meri- 
stematic region of 20 plants were cx- 
tracted directly after the uptake period. 

Nucleic Acid Extractioll 

Nucleic acids, RNA together with DNA, 
were extracted essentially as described by 
Solymosy et al. (19). Fresh weight tissue 
(210 mg) was ground with sand in a mortar 
and pestle and taken up in a medium 
containing 10 ml of 0.1 M tris(hydroxy- 
methyl)aminomethane (Tris)-chloride 
buffer, pH 7.5 and 2% sodium lauryl 
sulfate and 0.45 ml diethylpyrocarbonate 
(Baycovin, Bayer Ltd. Leverkusen, 
B.R.D.). The homogenate was incubated 
at 37°C for 5 min and centrifuged at 8000 y 
for 15 min at room temperature. The 
supernatant to which 1.5 y NaCl was 
added, was incubated at 37°C for 5 min 
and centrifuged at 10,000 y for 20 min at 
4°C. The supernatant was poured into 37 
ml ice-cold 96% ethanol and kept for 2 hr 

at -15°C and centrifuged at 3000 y for 10 
min at 4°C. The precipitate was dissolved 
in 1 ml glass distilled ivater and passed 
through a column 30 cm long and 2 cm 
diameter filled with Sephadex G 75 to separ- 
ate nucleic acids from smaller molecules. 
Five ml fractions were collected, optical 
density (C)D) recorded at 254 nm (OD 1 
equals 0.05 mg/ml). Half ml fractions were 
added to vials with 10 ml scintillation 
liquid and coun&l. 

Protein Extractiora 

The extraction procedure and clean up 
of the samples is summarized in Fig. 1. 
Plant material was ground with sand eight 
times in phosphate buffer pH 8. After 
rcntrifugation part of the supernatant 
was used to precipitate t#hc proteins with 
trichloroacetic acid (step 3). After washing 
with diethyl ether (step 4) the precipitate 
was dissolved in 12 ml 1 N NaOH and 
passed in 3 ml samples through a 26 X 2 
cm column of Sophadcx G50 to separate 
proteins from small molecules such as 
chlormeyuat. Fractions (9.5 ml) were 
collected and 1 ml of t,h(tsc> fractions counted 
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(step 5). Half ml fractions 4-7 were used 
for determining the protein content with 
the Folin-Ciocalteu reagent (20). Crystal- 
lized bovine albumin (Brit’ish Drug House) 
was used as a standard. 

In a few cases the protein fraction was 
hydrolyzed in 5 ml 6 N HCl under reduced 
pressure for 24 hr at 110°C and run on 
Spherix cation exchange resin, type B-60-0 
on an amino acid analyzer (Phoenix Preci- 
sion Instr. Co. Philadelphia, Penn. U.S.A., 
Model 6800) with citrate buffer pH 3.25 
=I= 0.01 at a flow rate of 60 ml/hr (steps, 
6, 7). Non-labeled amino acids were used 
as standards and detected with a nin- 
hydrin calorimetric analysis according to 
Rosen (21). 

Determination of Free Soluble Chlornlequat, 
Cholirbe a,& Betairle 

The presence of free soluble chlormequat,, 
choline and betaine was determined by 
adding an aliquot of a sample (step 3A) 
to a 24 X 1.1 cm bed of Dowex 5OW-X8 
(200-400. mesh, H+ form) (22). After 
elution with 100 ml water (negatively 
charged fraction) in step 4A the com- 
pounds were eluted from the resin with 
2.5 N HCl, collecting the effluent in 5 ml 
fractions. Fraction numbers l-6 contained 
amino acids and unknown compounds, 
fraction numbers 7-10 betaine and choline 
and fraction numbers 11-35 chlormequat 
(step 6A). The amino acid fraction was 
subjected to paper electrophorcsis on What- 

man paper 3MM in citrate buffer pH 3.28 
at 30-35 mA and 105-130 V for 44 hr (step 
7A) or analyzed on the amino acid analyzer 
as described above. 

The presence of chlormequat in the eluate 
from the Dowex column was determined by 
running the sample together with non- 
radioactively labeled marker compounds 
on Whatman paper 3MM in n-butanol- 
ethanol-acetic acid-water (8 : 2 : 1: 3) or in 
methanol-aceton-water (30: 70: 2). Spots 
detected with Dragendorff’s reagent (23) 
were cut out and radioactivity counted in 
scintillation liquid. The Rf values of 
betaine, choline and chlormequat were, 
respectively, 0.31, 0.37, and 0.52 in the 
first solvent and 0.35, 0.66, and 0.75 in the 
second solvent (step 7A). Low radio- 
activity, due to unknown compounds, were 
found on other zones of the chromatograms 
and added to the amino acid fraction (see 
Table 2). 

RESULTS 

Nucleic AcicZ Fractio~l 

Preliminary experiments showed that up- 
take of 0.1 mM chlormequat for 6 hr by 
the roots was sufficient to cause a 20% 
growth inhibition of the third leaf 2 wk 
later. At time of harvest 20 plants had 
taken up 3 &i (4.9 gg) chlormequat 
chloride. In general, 90% of total radio- 
activity was recovered in the roots and 
only 10% in the above ground parts 
directly after the uptake period (Table 1). 

TABLE 1 

Analysis of $0 Wheat Plants Several Days After the Uptake of 1,W4C Chlormvtat by the Boots for 6 HP 
.-- ..~ ___~~ - - --. 

Days Tot,al Water soluble Cell wall H&id Protein Re- % 
after the amount compounds residues fraction fraction covered lte- 
uptake taken up (PCi) i&i) MN (PCi) c&i) covery 
period (&W .~ 

Roots Leaves ltooi~ Leaves Roots Leaves Roots Leaves 

0 3.174 2.362 0.360 0.000 0.000 0.019 0.007 0.001 0.000 2.750 8ti.6 
7 2.554 0.385 1.063 0.028 0.009 0.138 0.016 0.023 0.010 1.672 71.0 

14 2.332 0.121 0.773 0.022 0.000 0.077 0.011 0.042 0.005 1.051 45.1 
_~ -. -~~ 

‘8 For detailed analysis of water soluble compounds and protein fraction see Table 2, 3 and Fig. 2. 



350 DEKHUIJZEN AND VONK 

TABLE 2 

Distribution of Water Soluble Compounds f ram 20 Wheat Plants at Diferent 
Periods After the Uptake of 1,2-V Chlormequata 

0 nays 

Negatively charged 
fraction 

Amino acids + unknown 
compounds 

Choline 
Betaine 
Chlormequat Chloride 

Total 

Roots Leaves 

rCi ‘%, rCi % 

0.006 0.:3 0.008 2.2 

0.003 1.1 0.016 4.4 
0.010 0.4 0.001 0.1 
0.008 0.3 0.006 0.5 
2.313 Y7.Y 0.330 Y1.8 

2.342 100.0 0.361 100.0 

Days after the uptake period 

7 Days 

Roots LlZrtV‘28 

rCi % rCi 4: 

14 Days 

Roots I,esves 

Ni c/o rCi ‘4 

0.013 :34 0.028 2.6 0.008 6..5 O.OOY 1.2 

O.Olti 4.2 0.020 1.Y 0.005 4.4 0.004 0.5 
0.005 1.2 0.002 0.2 0.007 5.7 0.007 0.8 
0.006 1.6 0.025 2.3 0.002 1.Y 0.004 0.5 
0.347 90.0 O.Y8Y 93.0 0.099 81.5 0.750 97.0 

0.387 100.0 1.064 100.0 0.121 100.0 0.774 100.0 

~1 For total activity of water soluble compounds compare Table 1. 

Of these 10% one-third was in t:he most 
actively growing part of t’he plants. To 
study the possible occurrence of chlor- 
mequat or a breakdown product, in nuclric 
acids of the actively growing part of the 
plants nucleic acids were extracted. Purity 
of the fraction was found to he high, since 
the ratio of extinction at t#he maximum 

and minimum was Emau/Elliin = 2 and that 
of the extinction at 260 nm and 280 nm 
was EM~/E~~~ = 1.8. A t#otal of 0.545 mg 
RNA + DNA was extracted from 210 mg 
fresh weight tissue. Specific activity was 
found to be 96 dpm/mg RNA + DIVA 
indicating a negligible incorporation of 
chlormequat or a breakdown product into 
the total nucleic acid fraction. 

Protein an.d Water Soluble FractioTl 

After the failure t,o detect, distinct 
amounts of radioactivity in thf> nucleic 

acid fraction more attention was paid to 
the possible occurrence of radioactivity in 
the TCA-insoluble protein fraction of roots 
and above ground parts. Table 1 shows a 
balance sheet for chlormequat at different 
periods after the uptake periods. Directly 
after the uptake period most radioactivity 
is in the free water soluble fraction of the 
roots. Relatively small, but distinct 
amounts of radioactivit,y were present in 
the fraction containing plastids and mito- 
chondria (Fig. 1, step 3B) and in the 
protein fraction of the root’s (Fig. 1, step 5). 

During the first week after the uptake 
period large amounts of radioactivity 
(water-soluble fraction) disappeared from 
Ohe roots and entered the above-ground 
parts (Table 1) where it was present 
mainly as chlormequat (Table 2). At the 
same time the amount of radioactivity in 
the protein fraction, t#htr cell wall residurs 

TABLE 3 

Spec$c Activity of Protein Fraction from 20 Wheat Plants at Different 
Periods After tha Uptake of 1,2-14C Chlormequat 

Days Fresh weight Protein (rug 1 Protein (mg) l’roteiu (dpm) Protein sp. 
after (?zJ itctivit? 

uptake Fresh weight (g) dpm/mg 
period 

Roots Leaves Roob Leaves ltoot~s Leaves 1toots Leaves Root,s Leaves 

0 1.328 0.947 5.12 8.71 S.85 9.20 1.331 0 260 0 
7 3.227 4.794 3.93 51.38 1.22 10.72 50.740 21.312 12.911 413 

14 6.896 8.920 24.6.5 95.88 :<.?W 8.91 93.054 11.544 :1.775 130 
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and plastid fraction of both roots and the 
above ground parts increased. Comparison 
between the period of 14 and 7 days after 
t#he uptake shows, with exception of the 
root protein fraction, a decline of radio- 
activity in all fractions (Table 1). Total 
radioactivity drops more rapidly in the 
second week than in the first week aft’er the 
uptake of chlormequat. 

Ar~alysis of the Protein FractiorL 

The total protein content of the leaves 
increased steadily over a 2 wk period. The 
protein content of the roots, however, de- 
creased first slightly and was followed by a 
rapid increase during the 7-14 days period 
after the uptake of chlormequat (Table 3). 
With the exception of the leaves directly 
after the uptake period all protein fractions 
contained radioactivity, the highest specific 
activity was found after 7 days for both 
roots and leaves. Most important no dis- 
tinct radioactivity could be detected in the 
low molecular fractions (Fig. 1, step 5, 
fraction 12 and 13), indicating no binding 
of chlormequat or breakdown products 
such as choline to the protein fraction. 

Chlormequat is highly resistant to acid 
hydrolysis. However, upon hydrolysis of the 
protein fraction (Fig. 1, step 6) and sub- 
sequent chromatography of the hydrolysate 
in n.-but~anol-ethanolacetic acid-watrr (S: 
2: 1: 3) no radioactivity with an R, value 
equal t’(J that of chlormequat or choline 
was det,ected, ruling out the possible (JC- 

currcnce of thescl compounds in the TCA 
insoluhlr protein fraction. The hydrolysate 

TABLE 4 

Hydrolysis of the Protein Fraction of Roots 6 hr A jter 
Uptake of 1,6-V Chlormequat* 

Glycine 
Serine 
Unknown amino acids 

dpm y& of total 

568 46.8 
288 23.7 
357 29.4 

Total 1213 99.9 

u A fraction containing 2.32 mg protein and a 
total of 1633 dpm was hydrolyzed to amino acids 
and run on an amino acid analyzer in citrate buffer. 

contained amino acids and a number of 
unknown compounds since only 74yo of 
the total radioactivity applied to the amino 
acid analyzer was recovered in the citrate 
buffer (Table 4). Two peaks of the eluate, 
containing together 80% of the radio- 
activity, coincided with non-radioactive 
labeled serine and glycine. The amount of 
glycine was twice as high as that of serinc. 

As mentioned already several reports 
claim the breakdown of chlormequat (6612) 
into choline. Oxidation of choline t,o 
betaine probably occurs in green plants 
along the same pathways as in bacteria 
and in animal tissues (24). Choline is 
oxidized first to betaine. Bctainc is initially 
demethylated to form dimcthylglycine 
which is further oxidized to form sarcosine 
and formaldehyde. Sarcosine is finally 
converted into glycinc and subsequently 
the carbon atoms of glycine are utilized for 
the synthesis of serine [Fig. 2 and (24, 25)]. 
These dat,a made it likely that radioactive 

2(CH&NC*H&?HzCl ---f S(CH~);M&~H,OH + 2(CH&NC*H&OH + 2(CH,),NC*H&OH - 
chlormequat betaine dimethylglycine 

photo 
2CH3-NC*H&OOH --) 2H,NC*H,C!OOH - lHJ--C*HCi)OH + IC?O, 

IL 
respiration 

kI2OH 
sarcosine glycine serine 

I< 
incorporation I 
into proteins lC*HzOH--C*O--Ci)OH 

hydroxypyruvic acid 

FIG. 2. Proposed pathway for the breakdown of 1,2-W chlormeguat in wheat plants. * indicate positions of 
radioactGe1.y labeled carbon atoms. 
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FIG. 3. WO2 evolved by 20 wheat plants during 7 
days after the uptake of 1,214C chlormequat by the 
roots. The conditions and the total amount of WO2 
(in &i) evolved are described in Table 6. 

choline derived from chlormequat formed 
the source for radioactive serine and glycinc 
detected in the protein fraction. 

Analysis of the Water Soluble Fraction 

The above-mentioned pathway for the 
breakdown of chlormequat made it ap- 
propriate to investigate more in detail the 
free water soluble fraction (Fig. 1, step 
3A-7A). It will be clear that if chlormequat 
is finally broken down to amino acids the 
number of labeled compounds will increase 
rapidly in course of the growing period. 
Preliminary experiments showed that satis- 
factory separation of the many radioact,ivc 

compounds in the water soluble fraction 
(Fig. 1, step 3A) could not be obtained, 
unless an initial separation of this fraction 
on cation exchange resin was carried out. 
Choline together with betaine were initially 
separated from chlormequat (Fig. 1, step 
GA) and thereafter from each other using 
paper chromatography (Fig. 1, step 7B). 
In all cases the bulk of radioactivity con- 
sisted of chlormequat. The amount of 
choline plus that of betaine never exceeded 
that of 8% of the total radioactivity 
(Table 2). The ratio between choline and 
betaine in roots and leaves changed over 
the growing period, in most cases the 
amount of radioactivity of betaine was 
equal to or lower than that of choline. 

To detect radioactive glycine and serine 
standards were added to the amino acid 
fraction of roots 7 days after the uptake 
period, and the fraction subjected to elec- 
trophoresis. Fourty two percent of the 
total radioactivity was recovered in one 
ninhydrin positive reacting color spot 
containing both glycine and serine. Another 
radioactive sample, when applied to the 
amino acid analyzer, yielded two peaks in 
a ratio 1: 1 which coincided with glycine 
and serine. 

No evidence for the occurrence of radio- 
actively labeled dimethylglycine and sar- 
cosine could be obtained. 

Evolution of 14C02 from Chlormequat-Treated 
Plants 

As has been shown in Table 1, 29% of 
chlormequat taken up by wheat plants 
could not be recovered 7 days later. Tha 

TABLE 5 

Analysis of 20 Wheat Plants 7 Days After the Uptake of 1,2-l% 
Chlormequat Under Di$erent Environmental Conditions= 

Environmental condi- Total Water-soluble Cell wall Plastid Protein 
tions during 7 days 

Recovery 
amount compounds residues fraction 

after uptake taken up (PC9 (rCi) 
f mti,~ 

1 (rCi) 
e+$d (pCi) % 

1 
(rci) 

Roots Leaves Roots Leaves Roots Leaves Roots Leaves 

Growth chamber (1) 2.907 0.571 1.425 0.017 0.000 0.048 0.001 0.013 0.003 2.087 71.8 
Closed glsss chamber (2) 2.680 0.662 1.143 0.054 0.143 0.066 0.073 0.014 0.053 0.133 2.341 87.4 

a Under condition 1 the plants have been growing in an o 
in a closed glass chamber making it possible to determine t \ 

en growth chamber, whereas under condition 2 the plants were groan 
e amount of CO2 evolved. 
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production of radioactively labeled scrinc 
and glyeinc may be associated with the 
photorespiration activity of wheat plants 
(25). During photorespiration two molc- 
cules of glycine are utiliz,ed to produce onct 
molecule serine and one molecule CO,. 
Moreover, serinc may bc transaminated 
to hydroxypyruvate in thr glycolate path- 
way finally giving rise to the production 
of glucose (Fig. 2, 25 scheme 6-l). Thcre- 
fore it could be expcct’ed t’hat radioact’ively 
labeled carbon atoms of glycinc would 
finally give rise to the evolution of 14C0, 
during photorespiration and respiration of 
wheat plants. To obtain a more complctc 
balance sheet, plants fed with chlormequat 
for 6 hr were transferred to a closed glass 
chamber and the evolution of 14COs was 
measured during a 1 wk period. As Fig. 3 
indeed shows the evolution of radioactively 
labeled gas, presumably 14COZ, started soon 
after the transfer of plants to the glass 
chamber and increased with the time. 
Taking into account the amount of 14COz 
released, 87.4y0 of chlormcquat taken up 
by the roots could now be recovered (Table 
5). Five per cent of the amount of chlor- 
mequat taken up was released as 14COZ 
within 7 days after the uptake period in 
the glass chamber which seems low as com- 
pared to the loss of 28.8y0 in the open 
growth chamber. However, it must be 
mentioned that growt’h of the plants was 
retarded as compared to normal growing 
plants outside the glass chamber. Whereas, 
inside the open growth chamber the frt>sh 
weight of the l(lavcls increased by a factor 
of five (Table 3) that of the plants insidt 
the closed glass chamber doubled only. As 
will be clear from Table 5 (water-soluble 
compounds) the rclat.ively poor environ- 
mental conditions such as high humidity 
in the glass chamber retarded the trans- 
location of chlormequat from the roots to 
the leaves. It may therefore be expected 
that under more natural conditions a higher 
percentage of the 14C chlormequat taken 
up has been evolved as 14C0, in the open 
growth chamber. 

DISCU,SGION 

In wheat plants radioactively labeled 
chlormequat was converted to radioactive 
choline, which was further metabolized to 
betaine. These results are consistent with 
those of Stephan and Schiitte (12). Ex- 
periments described in this paper made it 
clear that betaine was demethylated and 
yielded finally glycine and serine which 
were incorporated into the protein frac- 
tion according to t’he scheme as depicted 
in Fig. 2. The occurrence of radioactively 
labeled glycine and serine in the amino 
acid pool and the evolution of 14C0, from 
chlormequat trcatcd plants indicated that 
serine was formed from glycine under the 
release of 14COL during photorespiration. 
In addition it is conceivable that serine 
was further metabolized along the glycolate 
and glycolytic pahhways yielding finally 
14COS. 

Choline undergoes also other reactions, 
the methyl groups are incorporated int,o al- 
kaloids of barley and tobacco (la), whereas 
Belzile et al. (6) and Seibel et al. (26) showed 
that choline derived from chlormequat was 
converted into phosphatidyl choline and 
further incorporated in t’he phospholipid 
fraction. This result may explain the low 
radioactivity found in cell wall residues and 
the plastid fraction (Table 1). 

In regard to the emphasis which is laid 
nowadays to decrease the hazards of un- 
known terminal residues it is of import- 
ance to note that careful examinations did 
not show the prcscnce of chlormequat or 
unknown metabolites in the nucleic acid 
and TCA-insoluble protein fract#ion. In 
addition, no evidence for t,he presence of 
unknown metabolitts could be obtained 
after analysing the water-soluble fraction. 
No radioactive peaks were found other than 
those already mentioned and therefore the 
unknown compounds listed in Table 2 must 
be regarded as a number of compounds 
which arose from choline. Thcrc seems to 
be only a small chance for the existence of 
unknown terminal residues since 87.4% of 
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chlormequat could be recovered when tak- 
ing into account the amount of 14C0, 
released (Table 5). 

The published accounts of the rate of 
disappearance of chlormequat from wheat 
plants differ widely from each other. From 
Table 2 it appears that 50% of the un- 
changed chlormequat present in roots and 
leaves directly after the uptake period was 
already metabolized after 7.5 days. Four- 
teen days after the uptake period only 30% 
was left in the whole plants. Most probably 
the nonrecovered part. has been evolved as 
‘*CO*. This result is most consistent with 
the results reported by Mooney and 
Pasarela (13) and Jung and El-Fouly (10). 
The discrepancy with the results of Birecka 
(5) and Bohring (8) showing no decrease 
of chlormequat in wheat over a 4-wk period 
is difficult to explain. It is possible that the 
rate of disappearance strongly depends on 
the plant species and even on the variety 
used. This suggestion is in accordance with 
the different rates of disappearance of 
chlormequat in various plant species as 
found by Jung and El-Fouly (10) and by 
the strong persistence of chlormequat in 
pot’ato plants (27). It can be inferred from 
Table 5 that different environmental condi- 
tions will also effect the rate of disap- 
pearance of chlormequat from plants. The 
rate of chlormequat breakdown may pri- 
marily be determined by the rate of forma- 
tion of choline in various plant species. 
Wheat plant extracts contain an enzyme 
system which converts chlormequat into 
choline. This system is pa-dependent and 
rather thermostable (9). The catalytic 
capacity of this system may differ con- 
siderably for the different plant species and 
varieties and offers so far the best cxplana- 
tion for the observed differences in ratrs of 
chlormequat breakdown. 
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