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Abstract--N-Methyl-A’-pyrrolinium chloride, the product of the title enzyme, was synthesized by methylation of 
aminobutyraldehyde diethylacetal followed by acidic cleavage. After purification to homogeneity, it was characterized 
by NMR and UV spectroscopy. The compound had an absorption maximum at 210 nm; previous data indicating a 
maximum at 267 nm were shown to arise from an impurity. An HPLC method for the assay of N-methylputrescine 
oxidase from plant material was developed based on the separation of N-methyl-A’-pyrrolinium chloride on a cation 
exchange column and direct detection at 210 nm. The enzyme activity was measured in the protein fraction extracted 
from plant roots and treated by gel filtration on disposable PD 10 columns. A K, value of 1.9 mM was determined for 
methylputrescine and the enzyme from tobacco roots. The enzyme activities from N. tabucum and Datura strumonium 
were compared. 

INTRODUCTION 

N-Methyl-A’-pyrrolinium chloride is a key metabolite in 
the biosynthetic pathway leading to the tropane alkaloids 
and nicotine [l-3]. It is obtained from N- 
methylputrescine by oxidation. N-Methylputrescine 
oxidase has been demonstrated in the roots of tobacco, 
Datura stramonium and Atropa belladonna plants [4,5]; 
and has been puri6ed about 150 fold from tobacco roots 
[6]. Furthermore its activity was found to be enhanced 
after the decapitation of tobacco plants [4]. 

For the study of the regulation of nicotine biosynthesis 
in tobacco roots and tissue culture we established enzyme 
assays of important key enzymes. In order to avoid the 
necessity of synthesizing and applying radioactive sub- 
strates, the enzyme assays were based on the use of HPLC 
[7,8]. This offers the further advantage of a more direct 
detection of the enzymic product than with the former 
assay [6]. For N-methylputrescine oxidase a new method 
has been developed for the synthesis of its substrate N- 
methylputrescine [8]. In the present work the chemical 
characterization of the enzymic product, N-methyldr- 
pyrrolinium chloride, an enzymatic assay based on the 
determination of this product by HPLC and data on the 
activity of N-methylputrescme oxidase in the roots of 
different origin are presented. 

RESULTS AND DISCUSSION 

Chemical properties of N-methyl-A’-pyrro!inium chloride 

N-Methyl-A’-pyrrolinium chloride was prepared via 
y-formylaminobutyraldehyde diethylacetal by reduction 
with LiAlH4 and acidic cleavage of the acetal group 
[9, lo]. For detection by HPLC we relied on a report [ 1 l] 
which described this compound with an absorption 
maximum at 267 nm and a rather high molar extinction 
coefficient (~2240). Figure 1A shows an HPLC analysis of 

the compound detected at 267 nm. However, due to 
difficulties during the establishment of the HPLC based 
enzymatic assay, the HPLC analysis was performed more 
thoroughly. Figure 1B shows the elution profile obtained 
at lower wavelength and clearly indicates two compounds, 
one with a strong absorption at the lower wavelength 
which is not detected at 267 nm and a second with a low 
absorption at 220 nm and a strong absorption at 267 nm. 
The UV-absorption spectrum of the preparation de 
termined in 1 M HCl revealed two maxima at 263.5 nm 
and 210nrn, respectively. An impurity could also be 
detected in the NMR spectra. 

Therefore we decided to further purify this compound 
with the help ofthe procedure described by Mizusaki et al. 
[lo] using Dowex ion-exchanger. The authors applied 
this method to purify N-methyl-A’-pyrrolinium chloride 
from tobacco root extracts. The purification procedure 
eliminated the compound absorbing at 267 nm in our 
HPLC profile (Fig. 1A). The UVabsorption spectrum 
was consistent with the results obtained by HPLC 
analysis and showed only a maximum at 210 nm; a molar 
extinction coefficient of about 900 was determined. 
Furthermore the purified compound could be unequivo- 
cally assigned to N-methyl-A’-pyrrolinium chloride from 
the NMR data (Table 1). Hence the physical data reported 
[ 1 l] must have been derived from an impurity. 

HPLC enzyme activity assay 

After homogenization the plant matertal was extracted 
by the procedure including a purification step on pre- 
packed disposable PD 10 gel filtration columns [7]. The 
enzyme assay was performed in the presence of 8.3 mM 
methylputrescine. N-Methyl-A’-pyrrolinium chloride 
was detected without derivatization, by its UV-absorption 
at 210 nm and eluted on a HPLC cation exchange column 
at pH 3.5 (Fig. 1C). 
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Fig. 1. HPLC analysis of N-methyl-A’-pyrrolinium chloride. (A) and (B), Analysis of the compound prepared as 
described in the Experunental se&on, wlthout the purification on Dowex 50 WX8: deteotlon at 267 nm (A) and 
22Onm (B). (C) Determina tion of the enzymatz product, detmon at 210nm. Analyses were performed on a 
Nucleosil 10 SA column, 50 ~1 sample injection; flow rate 1.5 ml/min. The isocratic mobile phase was 0.25 M 
(NH&HPO, of pH 3.5 with 20 % acetonitrile for (A) and (B) and 0.3 M (NH&HPO., of pH 3.5 with 5 % 

acetonitnle for (C). 
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Me 

Table 1 NMR data of N-methyl-A’-pyrrohnum chloride in D,O* 

‘H ‘JC 

Position 6 
Multi- MuIt]- 

J phcltyt 6 J phc1ty 

2 8.585 - br s 182.47 (“N-C)12.8 d 
3 3.147 (3-4) 8.0 br t 36.79 - t 
4 2.292 - P 20.54 - t 
5 4.115 (4-5)80 t 61.39 - br t 
Me 3.578 - br s 41.41 (14N-C)4.9 q 

l ‘H and ‘“C NMR spectra were recorded, at ambient temperature, on a 
Bruker AM-300 NMR spectrometer locked to the deuterium resonance of 
the solvent at 300.1 and 75 5 MHz, respectively. 

tThe abbreviations used to mdlcate the multlphclties of the ‘H and 
SFORD ’ ‘C signals are as follows; br, broad; s, smglet; d, doublet; t, tnplet; q, 
quartet; p. pentet. 

Properties of the enzyme enzyme extracted from the roots of N. tabacum L. var. 

The enzyme is stable in the treated extract and at 4” its 
Bright Yellow [6]. 

activity is not reduced after 24 hr. The kinetics of the 
enzynkic reaction under our assay conditions revealed a 
linear increase in the product concentration for about one 

Enzyme activities in the roots of d#erent origin 

hour. With the enzyme extracted from the roots of N. Following the procedure described in the Experimental 
tabacum var. Samsun a K, value of 1.9 mM was de- section the enzyme activities were determined m the roots 
term&d for methylputrescine. This value is higher by a of individual plants of N. tabacutn and D. stramonium and 
factor of about four than that (0.45 mM) reported for the also in the root material grown in a root organ culture of 
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D. stramonium. Usually 1.5 g of fresh roots were extracted 
and treated by gel filtration which resulted in an enzyme 
fraction containing about 2 mg of protein. The speci6c 
activities determined with the roots of N. t&cum var. 
Samsun varied from 1.7 to 6.3 nmol/min/mg, yielding a 
mean value of 3.3 nmol/min/mg for eight plants. The 
deviations were much smaller and in the expected range of 
f 20 % when two parallel extractions from the root of the 
same plant were performed, indicating that the variance 
originates in the physiology of the individual plants. 
However, the variance found with the eight individual 
plants for the enzyme methylputrescine oxidase was 
significantly smaller than that found for putrescine 
methyltransferase [S], which varied by a factor of ten. 

Mizusaki et al. [4] reported a specific activity for 
methylputrescine oxidase from the Bright Yellow variety 
of N. tabacum of only 0.27 nmol/min/mg which is 
significantly smaller than that found with the variety 
Samsun. However, these authors reported an increase in 
the speci6c activity to 0.72 nmol/min/mg after decapi- 
tation of the plants. With the variety Samsun we could not 
detect such an increase in the specific activity. On the other 
hand with the high values found for N. tabacum Samsun 
one could speculate that this enzyme is not rate limiting 
for the synthesis of N-methyl-A’-pyrrolinium chloride 
but rather the preceding enzyme, putrescine methyltrans- 
ferase, which is regulated. In this respect it is interesting to 
note that unlike Mizusaki et al. [4] we could determine 
methylputrescine oxidase activity in a callus culture of N. 
tabacum var. Samsun [F. Feth, unpublished results], 
whereas the activity of putrescine methyltransferase could 
not be detected. 

Mizusaki et al. [4] reported specitic activities for 
methylputrescine oxidase of 0.11 and 0.17 nmol/min/mg 
for enzymes extracted from the roots of D. stramonium 
and Atropa belladonna, respectively. We found a specific 
activity of 0.26 nmol/min/mg in the roots of D. stra- 
monium. The specific activity extracted from the root 
material obtained from the D. srramonium organ culture 
was on average 0.60 (four determinations) nmol/min/mg 
indicating a broad variance. 

EXPERIMENTAL 

Materials. y-Ammobutyraldehydediethylacetal was purchased 
from Merck AG. Nicoriana tabacum var. Samsun and Datura 
stramonium plants were grown in a greenhouse with natural light 
conditions. Most of the young tobacco plants were kindly 
prowded by Dr. W. Huth from the Institut fiir Viruskrankhelten, 
Blologische Bundesanstalt Braunschweig. 

Chemical synthesis of N-methyl-A’-pyrroliniwn chloride y- 
Methyl-aminobutyraldehydcdiethylacetal was prqarcd from y- 
aminobutyraldehydediethylacetal via formylation with ethyl- 
formate (yield 35 %) and reduction with LiiH* (yield 68 %) as 
described in ref. [lo]. For the cleavage of the acetal group 300 ~1 

(1.7 mmol) of the distilled product were incubated with 1.5 ml 
2 M HCI at 60” for 30 min; after evaporation, 110 mg (1.3 mmol) 
N-methyl-A’-pyrrolinimn chloride were obtained (76% yield). 
This product was purified by chromatography on Dowex 50 
WX8 by modifymg the procedure used in ref. [lo] to purify N- 
methyl-A’-pyrrolinium chloride from tobacco root extract. The 
above product (110 mg) was applied onto a 20 ml Dowcx column, 
washed with 90 ml 1 M HCl and eluted with 70 ml 2 M HCl. 
After evaporation of the pooled fractions 6Omg of purilied 
product was obtamed. 

Enzyme extraction was performed at w with buffer A 
(lOOmA K-Pi of pH 7.5, 5 mM EDTA, 10mM mercapto- 
ethanol, 0.5% Na ascorbate, 2% polyethyleneglycol 400) as 
described previously [7,8]. After homogenization and centrifug- 
ation, the supematant was apphed onto a Sephadex G 25 
disposable PD lOcolumn and eluted by buffer B (50 mM K-Pi of 
pH 8, 1 mM EDTA and 5 mM mercaptoethanol). Protein 
concentration was determined according to ref. [12]. 

Enzyme assay was performed in buffer B at 30” and started by 
the addition of 20 ~150 mM methylputrescine to 100 ~1 enzyme 
soln. For the determination of the K, values the incubation time 
was 30 min, otherwise 45 min. The reaction was stopped by the 
addition of 104 1 M HCI and the samples were frozen for 
determination of the product by HPLC. 

HPLC chromatography. N-Methyl-A’-pyrrolinium chlonde 
was separated on a 10~ cation exchange column Nucleosil 
10 SA (SOsNa) 4 x 250 mm from Macherey & Nagel. The HPLC 
system consisted of a LDC Con&metric II pump, Rheodyne 
probe injector and Kontron Uvikon 730 LC. The isocratic mobile 
phase was 0.3 M (NH,),HPO, of pH 3.5, 5 % acetonitrile. The 
column was run at 1.5 ml/mm and the detection was at 210 nm. 
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