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Abstract--Tigloyl-CoA:pseudotropine acyl transferase esterifies the 3fl-hydroxyl group of pseudotropine (3fl-hy- 
droxytropane) with the tiglic acid moiety of tigloyl-Coenzyme A. This enzyme was purified to near electrophoretic 
homogeneity--about 330-fold--from transformed root cultures of Datura stramonium. The protocol involved the 
sequential use of ammonium sulphate precipitation, hydrophobic interaction, anion-exchange, chromatofocusing and 
gel filtration chromatography. The enzyme has a Mr of 65 000, as determined by gel filtration chromatography on 
Sepharose 6 and SDS-PAGE electrophoresis, indicating it to be active as a monomer. Maximal activity occurs at pH 
9.0 but the enzyme is still about 30% active at pH 7.0. The purified protein shows simple Michaelis-Menten kinetic 
behaviour, with Km values of 0.36 and 1.31 mM for pseudotropine and tigloyl-CoA, respectively. The enzyme is 
specific for the acyl group receptor. Of a range of potential acceptors tested, only pseudotropine and 4-hy- 
droxy-l-methylpiperidine (14%) were used: tropine (3ct-hydroxytropane) and norpseudotropine were not acylated. In 
contrast, the enzyme possesses the ability to transfer the acyl moiety to pseudotropine from a wide range of aliphatic 
acyl-CoA thioesters. Tigloyl-CoA and acetyl-CoA act reciprocally as competitive inhibitors, suggesting that they 
compete for the same active site on the enzyme. With acetyl-CoA the Km is 0.33 mM, indicating that the enzyme has 
a higher affinity for this acyl donor than for tigloyl-CoA. Neither CoA nor any of the alkamine acceptors tested were 
able to inhibit the acylation of pseudotropine. 

INTRODUCTION 

A number of Datura species and hybrids are cultivated 
for the production of the pharmaceuticals hyoscyamine 
and hyoscine [1]. These tropane alkaloids are esters 
between tropine and scopine, derived from arginine/or- 
nithine, and tropic acid, derived from phenylalanine. 
Datura and several other solanaceous genera produce 
a wide range of alkaloids that are esters of tropanols [2]. 
They also form esters of the 3fl-isomer of tropine, 
pseudotropine, which can be dominant in some species. 

In D. stramonium transformed root cultures, hyos- 
cyamine is the predominant product [3]. 3~t-Tigloyloxy- 
tropane and 3~-acetoxytropane constitute minor alkal- 
oids in the natural spectrum [4]. If, however, tropine or 
tropinone is fed, 3~-acetoxytropane accumulates to 
a high level [3]. Tropinone feeding also greatly stimu- 
lates the accumulation of pseudotropine, leading to elev- 
ated levels of the acetyl- and tigloyl-pseudotropine esters 
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oratoire de RMN-RC, URA-CNRS 472, Facult6 des Sciences, 
2 rue de la Houssini6re, F-44072 Nantes Cedex 03, France. 

[5]. This effect is more marked if tropinone reductase I, 
the tropine-forming enzyme of the pathway, is inhibited 
at the same time [5]. Separable enzyme activities respon- 
sible for forming 3~-acetoxytropane and 3fl-acetoxy- 
tropane have been identified [6]. 

The purification and properties of the enzyme that 
forms 3fl-tigloyloxytropane (Fig. 1) are reported here. 
A summary of some of these results has been presented 
previously [7]. 

RESULTS 

Activity in root cultures 

The levels of tigloyl-CoA:pseudotropine acyl transfer- 
ase and acetyl-CoA:pseudotropine acyl transferase are 
both higher during rapid growth than in stationary phase 
roots (Fig. 2). This is particularly marked if the activity is 
related to the fresh mass of tissue present. The ratios of 
the two activities, on a protein basis, are similar at all 
ages of culture. These profiles do not show the sharp 
maximum activity found for some other enzymes of 
tropane alkaloid formation in these cultures [3]. 
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Fig. 1. Scheme showing the formation of 3fl-tigloyloxytropane and 3fl-acetoxytropane. 
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Fig. 2. The levels of tigloyl-CoA:pseudotropine acyl transferase 
and acetyl-CoA:pseudotropine acyl transferase activities in root 
cultures of different ages. (A) growth; (B) tigloyl-CoA:pseudo- 
tropine acyl transferase ( I ,  (0); (C) acetyl-CoA:pseudotropine 
acyl transferase (e,  ©). Closed symbols are activity expressed as 
pkatmg -1 protein; open symbols are activity expressed as 
pkat g-1 FM. Each assay was performed in duplicate on ex- 

tracts from duplicate flasks. 

Enzyme purification 

Tigloyl-CoA:pseudotropine acyl transferase has been 
purified about 330-fold by the procedure outlined in 
Table 1 and described in the Experimental. Gel filtration 
on Superose 6®, indicated the M, of the native protein to 
be 65 + 6 000. When the active fractions were examined 
by SDS-PAGE (Fig. 3), the major band occurred at M, 
66 _+ 3 000, with minor bands at ca 42 000 and 24 000. 
These smaller molecular weight bands occur in fractions 
that do not have activity, indicating that they are not 
associated with the enzyme. The isoelectric point of the 
protein, estimated by chromatofocusing chromatogra- 
phy, is 5.4. 

The enzyme is stable at - 20 ° for at least 18 months• 
The activity is linear with time for up to 75 rain, provided 
the protein concentration is below 0.15 mg per assay. At 
protein concentrations above this level, linearity is lost 
after about 45 min. The assay is linear up to about 20% 
conversion of pseudotropine to product. 

pH optimum 

Maximal activity was found with glycine buffer at pH 
9.0 (Fig. 4). About 30% maximal activity was determined 
at pH 7: above pH 9.5, activity is rapidly lost. Activity 
was highest in glycine buffer; Tris and borate (data not 
shown) both giving lower activity at pH 9. 

Alkaloid substrate requirement 

The purified enzyme showed a typical Michaelis-Men- 
ten-type saturation curve with pseudotropine, with a 
Km of 0.36 mM (4 mM tigloyI-CoA) and a Vmax of 
481 pkat mg-1 protein. Transferase activity with tigioyl- 
CoA (3 raM) was determined for a number of other 
potential acyl group acceptors (8 mM) having some 
structural analogy with pseudotropine (Table 2). Of the 
other compounds tested, only 4-hydroxyl-l-methyl- 
piperidine was acylated. No activity was found with 
tropine, indicating that a 3fl-hydroxyl group is required. 
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Table 1. Purification of tigloyI-CoA:pseudotropine acyl transferase 

317 

Purification step 

Specific 
Total Total Total activity 
volume protein activity (nkat mg- t Yield 
(ml) (mg) (nkat) protein) (%) 

Activity 
enrichment 
(-fold) 

Ratio 
(tigloyl: 
acetyl) 

Crude extract 2298 4411 2838.0 0.64 100.0 1.0 19.8 
AmS* 30-80% 371 2182 2120.0 0.97 74.7 1.5 18.2 
Phenyl-Sepharose: 0% AmS 238 456 380.0 0.83 13.4 1.3 14.2 
Mono Q®: t0.04-0.11 M KCI 40 29.5 312.5 10.6 11.0 16.5 23.9 
First Mono P~: :~pH 6.86-5.87 4 3.54 140.4 39.6 5.0 61.6 39.6 
Second Mono P®: ~;pH 5.58-5.13 2 0.49 28.1 57.4 1.0 89.1 23.8 
Superose 6®§ 1.75 0.09 18.9 210.0 0.67 328.1 n.dll 

*AmS, % saturation ammonium sulphate (4°). 
$Anion exchange column (Pharmacia). 
:~Chromatofocusing column (Pharmacia). 
~Gel filtration column (Pharmacia). 
II n.d., Not determined. 
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Fig. 3. The elution of tigloyl-CoA:pseudotropine acyl transferase from a Superose 6® gel filtration column. 
Fractions are 0.25 ml volume: (A) the profile of activity; (B) the SDS-PAGE from the fractions. 
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Table 2. Substrate specificity of pseudotropine: tigloyl-CoA acyl transferase: alkamine moieties 

Tigloyl-CoA 
Alkaloid transferase activity* 

R-. N 
7 1 

R-. N 

OH 
R... 

N 

Pseudotropine R = Me 100 
Norpseudotropine R = H 0 

Tropine R = Me 0 
Nortropine R = H 0 

4-Hydroxy- 1 -methylpiperidine R = Me 14 
4-Hydroxypilaeridine R = H 0 

3-Pyrrolidinol 0 
3-Quinuclidinol 0 
Scopine 0 
Methylecgonine 0 
N-Cyanonorpseudotropine 0 
8-Thiabicycio 1-3.2.1] octan-3fl-ol 0 
cis-4-Methylcyclohexanol 0 
Tetrahydro-4H-pyran-4-ol 0 
7fl-Hydroxytropinone 0 

*Activity expressed relative to that with pseudotropine (100% = 57 nkatmg= 1 protein). 
All alkamine substrates at 8 mM. Tigloyl-CoA at 3 mM. All products confirmed by GC-MS. 
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Fig. 4. The effect of the pH of the incubation buffer on the 
activity of tigloyl-CoA:pseudotropine aeyl transferase activity. 

Buffers used are (El), phosphate; (O), Tris; (A), glycine. 

A requirement for a N-methyl group was also indicated 
by the lack of activity with both norpseudotropine and 
4-hydroxypiperidine. The enzyme was inactive with 7fl- 
hydroxytropinone, indicating that the activity is specific 
to the 3-position. 

Coenzyme A thioester requirement 

The purified enzyme also showed a typical 
Michaelis-Menten-type saturation curve with tigloyl- 
CoA, with a Km of 1.31 mM ( 4 m M  pseudotropine). 
Transferase activity was determined with pseudotropine 
(4 mM) as acceptor and a range of CoA thioesters 
(3 mM). The enzyme was found able to transfer an acyl 
group to pseudotropine from a wide range of CoA thioes- 
ters, including acetyl-CoA (Table 3). With acetyl-CoA, 
a Km of 0.33 mM (4 m M  pseudotropine) was determined. 
When enzyme extract was incubated with pseudotropine 
and both tigloyl-CoA and acetyl-CoA, it was demon- 
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Table 3. Substrate specificity of pseudotropine:tigloyl-CoA acyl transferase: thioester moieties 
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Pseudotropine 
Coenzyme A thioester transferase activity* 

Me-CO Acetyl 4 
Me-CO-CH2-CO Acetoacetyl 0 
Me-CH2-CO n-Propionoyl 5 
Me\ 

CH-CO iso-Butyroyl 10 
Me / 
Me ~ CH-CH2-CO iso- V alero yl 2 
Me 
Me,, ~Me 

/C = Tigloyl tO0 
U ~CO 

Me N /H 
/C = C x fl-Methylcrotonoyl 10 

Me CO 
Me\ .ill 

/C = cCxo Crotonoyl 0 
H 

*Activity expressed relative to that with tigloyI-CoA (100% = 57 nkat mg-1 protein). 
All CoA substrates at 3 raM. Pseudotropine at 8 mM. All products confirmed by GC-MS. 

strated that these thioesters act as acyl donors in a com- 
petitive manner (Fig. 5). 

Purification of acetyl-CoA:pseudotropine acyl transferase 

Acetyl-CoA:pseudotropine acyl transferase was 
monitored throughout the purification of tigloyl- 
CoA'pseudotropine acyl transferase. As can be seen from 
Table l, the two activities purified in parallel, a constant 
ratio of activity nearly being maintained during a 90-fold 
increase in specific activity. These data, and the competi- 
tive inhibition reported above, strongly suggest that the 
acetyl-CoA and tigloyl-CoA transferase are two func- 
tions of the same enzyme. 

Inhibition of tigloyl-CoA:pseudotropine acyl transferase 

The ability of a number of other compounds to inhibit 
the activity of tigloyl-CoA:pseudotropine acyl transferase 
at equimolar concentration was tested. None of these 
(norpseudotropine, tropine, nortropine, tropinone, 4-hy- 
droxy-l-methylpiperidine, 4-hydroxypiperidine, 3- 
quinuclidinol, 8-thiabicyclo[3.2.1] octan-3fl-o 1, ecgonine 
methyl ester, acetate, tiglate, CoA) had the ability to 
depress the tigloylation of pseudotropine to any signifi- 
cant extent. This was true even for 4-hydroxy-l-methyl- 
piperidine, the only compound tested that is a substrate 
of the enzyme. 

DISCUSSION 

Tigloylated secondary products have been reported 
from a wide range of plants. Alkaloids esterified with 
tiglie acid have been described from a number of 

solanaceous genera [2] and from Lupinus species [8-10]. 
Recently, tigloylated esters of the quassinoids, chaparrin 
and chaparrinone, have been identified [11]. Acetylation 
is also well known, as, for example in the tropanes [2] 
and the indole alkaloids of Catharanthus [12,13]. 

Acyl transferases able to tigloylate alkaloids have pre- 
viously been described in crude extracts of seedlings of 
both Lupinus albus [8] and L. hirsutus [10]. To date, 
however, none of these tigloylating enzymes has been 
purified. In this present report, a tigloyl-CoA:pseudo- 
tropine acyl transferase from transformed roots of D. 
stramonium is identified, characterized and purified to 
near homogeneity. From studying the properties of the 
purified enzyme, it is apparent that the activity seen in 
a crude extract which acylates pseudotropine with 
a broad range of acyl-CoA thioesters can be assigned to 
the single protein. The demonstration that the acylation 
of pseudotropine with acetyl-CoA and tigloyl-CoA are 
competitive confirms this deduction. Whether the similar 
broad specificity reported for the crude enzyme of L. 
albus [8] is also due to a single protein is yet to be 
clarified. However, the ability of a single enzyme to 
transfer an acyl moiety from a group of structurally 
related acyl-CoA thioesters might be relatively common. 
For example, cell-free extracts of Capsicum annuum can 
transfer a range of fatty acids from their CoA thioesters 
to vanillylamine [14]. Whether the acetyl-CoA:tropine 
acyl transferase activity [6] has similar properties re- 
mains to be determined. 

With the alkamine acyl acceptor, however, tigloyl- 
CoA:pseudotropine aeyl transferase shows a high degree 
of specificity. The Lupinus tigloyl transferases [8, 10] and 
the acetyl-CoA:deacetylvindoline 17-O-acetyltransferase 
from Catharanthus [12, 13] similarly show high degrees 
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Fig. 5. Inhibition of acyl-CoA:pseudotropine acyl transferase 
activity by acyl CoA thioesters: (A) effect of acetyl-CoA on the 
rate of tigloyl-CoA:pseudotropine acyl transferase activity; 
(B) effect of tigloyl-CoA on acetyl-CoA:pseudotropine acyl 

transferase activity. 

of selectivity for the alkaloidal acceptor. Other than 
pseudotropine, the Datura enzyme will only accept 4-hy- 
droxy-l-methylpiperidine, in which the C6-C7 bridge is 
missing (Table 3). A substituent at the nitrogen is re- 
quired, norpseudotropine being unmetabolized. Re- 
cently, we have shown [15,16] that N-ethyl-, N- 
fluoroethyl- and N-iso-propyl-norpseudotropine can 
also be metabolized, but less effectively than pseudo- 
tropine. It has already been shown in Datura [6] that 
separate enzymes are responsible for the acetylation of 
tropine and pseudotropine. The formation of these two 
compounds by the reduction of the common intermedi- 
ate, tropinone, also requires separate enzymes [16-18]. 
The structure-function relationships described for the 
tropinone reductases of Datura [17, 18] closely parallel 
those described here for acyl transfer. Thus, it appears 
that the catalytic sites of these tropane-metabolizing en- 
zymes may well have similar three-dimensional struc- 
tures. 

Crude extracts from a number of Datura species con- 
tain both tigloyl-CoA:pseudotropine and phenylacetoyl- 
CoA:pseudotropine acyl transferase activities [7]. In 
both L. albus and L. hirsutus, the ability to acylate alkal- 
oids with an aromatic acid from the respective CoA 
thioester was also demonstrated [8, 10]. Similarly, activ- 
ities that used 4-coumaroyl-CoA and feruloyl-CoA could 
be separated from the transferase that used tigloyl-CoA 
[10]. The protocol described here completely frees the 
tigloylating activity from the aromatic acyl transferase 
[7], indicating that a distinct enzyme is responsible for 
the aromatic acylation of pseudotropine. 

The tigloyl-CoA:pseudotropine acyl transferase activ- 
ity is demonstrated to have a pH optimum of 9.0, con- 
siderably higher than the cytoplasmic pH of the root 
cultures [19]. The acyl transferases discussed above from 
Lupinus [8-10], Catharanthus [12,13] and Capsicum 
[14] also show optimal activities around pH 9. With the 
acetylation of tropine [6], also optimal at pH 9.0, we 
suggested [6] that this property might be due to the 
uncharged alkaloid acting as substrate. Strong support 
for this proposal has recently been presented by Portstef- 
fen et al. [18] who showed that the effect ofpH on the Km 
of tropinone reductase can be interpreted as due to the 
effect of pH on the degree of protonation of tropinone. 

It might be argued that these pseudotropine-acylating 
activities in D. stramonium are due to the non-specific 
activity of an enzyme intended to perform an entirely 
different role. However, this suggestion is refuted by the 
evidence presented that the purified enzyme is highly 
specific for pseudotropine as acyl acceptor. Nevertheless, 
the role of this enzyme is not at all clear. The products are 
not on the direct pathway to hyoscyamine and the 
tropan-3fl-ols tend to constitute very minor bases in the 
alkaloidal extract. Indeed, usually only traces of 3fl- 
acetoxytropane can be detected, 3fl-tigloyloxytropane 
being absent. It would be valuable in this respect to 
examine the levels of acyl transferase activity in species 
known to accumulate substantial amounts of tropan-3fl- 
ol esters. Evidence has been presented [5] that it is, at 
least partially, the relative availability of the tropan-3-ols 
that determines the final spectrum of products in the 
culture, rather than the ability to esterify them. As 
tropinone reduction in D. stramonium root cultures 
strongly favours tropine formation [17, 18], the lack of 
any accumulation of the tropan-3fl-ol esters can readily 
be explained. Although the level of activity of acetyl- 
CoA:tropine acyl transferase in Datura stramonium is 
lower than the level of acetyl-CoA:pseudotropine acyl 
transferase, there is still sufficient activity to account for 
the amount of 3c<-acetoxytropane that accumulates 
[6, 7]. The preferred acylation with acetate, rather than 
tiglate, presumably reflects the combined influence of 
both the greater availability of acetyl-CoA and the higher 
affinity of the enzyme for this acyl donor. 

EXPERIMENTAL 

Chemicals. Coenzyme A thioesters were purchased 
from Sigma. Tropine was from Aldrich. Pseudotropine 
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was synthesized essentially as described in ref. [20]. Nor- 
tropine, N-cyanonorpseudotropine and norpseudo- 
tropine were the kind gifts of Dr B Dr~ger, Institut 
ffir Pharmazeutische Biologie, Mfinster, Germany. 8- 
Thiabicyclo [3.2.1]octan-3fl-ol was prepared as de- 
scribed in ref. [5] and kindly supplied by Dr P. McCabe, 
Chemistry Department, Glasgow, U.K. 3~¢-Acetoxy- 
tropane and 3fl-acetoxytropane were prepared by T. 
Robinson as described in ref. [6]. All other chemicals 
were purchased from either Sigma or Aldrich and were of 
the highest grade available. Chromatography media were 
purchased from Pharmacia. 

Transformed root cultures. Root cultures of Datura 
stramonium L. D15/5 were initiated and subcultured as 
described in ref. [3]. All experiments were performed 
using roots growing in the absence of added antibiotics. 
Roots used for purifying enzyme activities were grown in 
151 fermenters, essentially as described in ref. [21]. 

Buffers. Buffer I: 200 mM potassium phosphate, 
20mM EDTA, 125mM sucrose, 3mM DTT, 
pH 7.0 (at 20°); 

Buffer II: 50 mM potassium phosphate, 5 mM EDTA, 
100 mM sucrose, 2 mM DTT, pH 7.0 (at 20°); 

Buffer III: 50 mM potassium phosphate, 5 mM 
EDTA, 100 mM sucrose, 2 mM DTT, 860 mM am- 
monium sulphate, pH 7.0 (at 20°); 

Buffer IV: 50mM potassium phosphate, 5 m M  
EDTA, 100 mM sucrose, 2 mM DTT, 430 mM am- 
monium sulphate, pH 7.0 (at 20°); 

Buffer V: 100raM ethanolamine, 5 m M  EDTA, 
100 mM sucrose, 2 mM DTT, pH 9.0 (at 20°); 

Buffer VI: 125 mM ethanolamine, 100 mM sucrose, 
2 mM DTT, pH 9.0 (at 20°); 

Buffer VII: 125 mM ethanolamine, 100 mM sucrose, 
2 mM DTT, 1 M KCI pH 9.0 (at 20°); 

Buffer VIII: 25 mM imidazole, 100mM sucrose, 
2 mM DTT, pH 7.4 (at 20°); 

Buffer IX: 10% (v/v) Polybuffer 74 ® (Pharmacia, 
U.K.), 100 mM sucrose, 2 mM DTT, pH 3.9 (at 20°); 

Buffer X: 50 mM potassium phosphate, 100 mM suc- 
rose, 2 mM DTT, pH 7.0 (at 20°); 

Preparation of enzyme extract and ammonium sulphate 
fractionation. Root cultures were harvested 10-14 days 
from subculture, blotted on absorbent towel, aliquoted 
into 60 g packets and frozen in liquid nitrogen. Tissue 
was stored at - 40 ° or - 70 ° until required. Under these 
conditions, activity was retained at a constant level for at 
least 18 months. 

Extraction and precipitation was performed in a 4 ° 
cold room, using pre-chilled equipment. Approximately 
800 g of frozen tissue was crushed, mixed (1 gper  10g fr. 
wt tissue) with insoluble polyvinylpyrrolidone (Sigma) 
and ground in a small grinder (Moulinex) for about 
10 sec. The powder was dispersed into 2.751 buffer I in 
a 51 beaker; and left to stir gently for about 30 min. The 
liquid was removed by filtering through nylon in a man- 
ual fruit press and clarified at 15 000 0 (20 min, 4°). The 
clear supernatant (crude extract) was brought to 30% 
saturation (4 ° ) by slowly adding powdered ammonium 
sulphate, stirred gently for 20min then clarified at 

17 700g (20 min, 4°). The supernatant was brought to 
80% saturation with powdered ammonium sulphate, 
stirred gently for 20rain then clarified at 17700g 
(20 rain, 4°). The pellet was re-suspended in 180 ml buffer 
II and frozen in liquid nitrogen. 

Hydrophobic interaction chromatography. Performed 
at 4 °. The thawed extract was loaded at 6 ml-1 on to 
a phenyl-Sepharose® column (Pharmacia XK50/30, 
5 x 25 cm) previously equilibrated with buffer III. The 
column was sequentially eluted with 11 volumes of buf- 
fers III, IV and V. Activity principally eluted in the buffer 
V wash. 

Anion exchange chromatography. The active fraction 
(about 750 ml) from phenyl-Sepharose was concentrated 
at 4 ° to about 100 ml by ultrafiltration on a MINITAN® 
concentrator (Millipore) fitted with PM10 membranes 
and buffer exchanged by 4 sequential 5-fold dilutions 
with buffer VI. The extract was brought to room temp. 
and loaded onto a Mono Q® (8ml), column at 
2 ml min-  1 and eluted at a flow rate of 0.5 ml rain- 1 with 
a gradient from 0 to 0.35 M KCI using buffer VII. Activ- 
ity eluted between 0.15 and 0.3 M KCI. 

Chromatofocusing chromatography. The anion-ex- 
changer active fractions were pooled and concd at 4 o to 
about 5 ml by ultrafiltration on an Amicon® concentra- 
tor 8150 (Amicon), fitted with a PM10 membrane. They 
were buffer exchanged on PD-10 ® columns pre-equilib- 
rated in buffer VIII, brought to room temp. and loaded 
on to an HR5/20 Mono-P® column, pre-equilibrated in 
buffer VIII. Activity was eluted with a pH gradient gener- 
ated by running buffer IX into the column at 
0.5 m lmin -L  Activity eluted between pH 6.8 and 5.1. 
This step was performed twice, the activity eluting at 
a more acidic pH and in a tighter band from the second 
column. 

Gel filtration chromatography. The active fractions 
from the Mono-P column were pooled and buffer ex- 
changed on PD-10 columns at 4 ° pre-equilibrated with 
buffer X, concentrated to 0.2 ml, brought to room temp. 
and loaded on to a Superose 6® column which was eluted 
in buffer X. 

Protein determination. Protein was measured by the 
dye-binding method [22] using the BioRad dye reagent 
(BioRad Laboratories, U.K.) as described in their litera- 
ture. Bovine serum albumin (Sigma, fraction V) was used 
as standard. 

Molecular mass determination. The M, of the native 
acyl transferase was estimated by gel filtration on 
a Superose 6 column, calibrated with a mixt. of proteins 
(Sigma, U.K.) ranging from 49 to 200 000. The M, of the 
denatured acyl transferase monomeric unit was esti- 
mated by SDS-PAGE in a 7.5% acrylamide gel, cross- 
linked with 0.4% piperazine diacrylamide, using 
a tris-tricine buffer essentially as described in ref. [23]. 
Molecular weight markers covering the range 
110000-23 000 were obtained from Gibco. 

Enzyme activity determination. Tigloyl-CoA:pseudo- 
tropine acyl transferase activity was measured by deter- 
mining the formation of 3fl-tigloyloxytropane by GC. 
Typically, the assay mixt. (200-300 #1 total volume) con- 
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tained 0.3 M glycine buffer pH 9.4 mM pseudotropine, 
1.4 mM tigloyl-CoA and enzyme extract (5-150/~g pro- 
tein). The reaction was started by the addition of tig- 
loyl-CoA. The reaction was incubated at 30 ° for 60 min 
and stopped by rapid freezing in liquid nitrogen. 

To measure the amount of product formed, the incuba- 
tion mixture was made basic with 100/~1 35% (v/v) am- 
monia solution and applied to 1 g Extrelute ® (Merck, 
U.K.). Hydrophobic material was desorbed from the 
solid matrix with 12ml CHCl3 followed by 4ml 
CHCIa-MeOH (19: 1). Following evapn of the solvent to 
dryness, the residue was dissolved in 1.0 ml EtOAc and 
the alkaloid content determined by GC as described 
previously [5] except with a ramp rate of 15 ° min-1. 

Activity with other acyl acceptors or acyl donors was 
determined as described above, using concentrations of 
substrates as indicated in the Tables. In competitive 
experiments, both products were determined in the same 
incubation mixt. In all cases, the identity of the product 
was confirmed by GC/MS as described previously [5]. 
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