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Abstract-A 1.57kb BumHl fragment containing a full-length human debrisoquine 4- 
hydroxylase cytochrome P450 (CYP2D6) cDNA was inserted into the BglII site of the yeast 
expression plasmid pMA91 and the resulting r~mb~~t piasmid, pELTI, introduced into 
~~~~r~~e~ care&&e strain AH22. Microsomes prepared from AH22fpELTl cells gave 
an absorption maximum at 448 nm and a P4.50 content of 67 2 31 pmol/mg of microsomal 
protein. No P450 was detectable in microsomes prepared from AH22/pMA91 controt cells. 
A western blot of microsomes prepared from yeast transformed with pELT1 were probed 
with a monoclonal antibody to CYP2DG and revealed a strong band with a molecular mass 
consistent with that of CYP2D6 from human liver microsomes. No corresponding band was 
observed with microsomes from control yeast transformed with pMA91 alone. Microsomes 
from AH22jpELT cells &owed catalytic activity towards metoprolol ~~-hydro~lat~on and Q- 
demethylation, 0.17 and 0.78 nmol/mg protein/h, respectively); and towards sparteine f2- 
and %dehydrogenation, 1.82 and 0.59 nmol/mg protein/h, respectively). The inhibition of 
metoprolol metabolism by quinidine (Qd) was 200 times more potent than that of quinine 
(Qn), both for a-hydroxylation (Qd IC ,=O.O$M; Qn IC,=4pM) and 0-demethylation (Qd 
IC,=O.flSpM; Qn IC,=4pM). Negligible metabolism of tolbutamide and S-mephenytoin, 
substrates of the 2C sub-famify? and of p-nitrophenol a substrate of CYP2E1, was detected, 
&bough a trace of the N-deethylated met&o&e of Iignocaine, thought to be metabolised by 
CYP3A4, was detected with microsomes from CYP2D6-expressing yeast cells. The results 
indicate that yeast cells containing human CYP2D6 cDNA express a functionally active form 
of the enzyme, the immunochemical and catalytic properties of which are consistent with 
those of human liver. 

Debrisoquine 4-hydroxylase fC?‘P2D6) is a member of the eytochrome P450 super-gene family, It is the source 
of the debr~s~u~e/sparte~e pol~o~hism, one of the most extensively studied genetic defects of oxidative 
drug metabolism in humans [il. CYP2D6 plays a critical role in the metabolism of over 25 drugs, some of wide 
therapeutic use including anti-depressants, p-adrenergic antagonists and antiarrhythmics [2]. Associations have 
also been sought between the debrisoquine/sparteine polymorphism and diseases such cancer [3] and 
Parkinson’s disease [4]. 
Heterologous expression is a powerful tool to study the substrate spe&ficity and catalytic activity of individual 
human cytochromes P450. Also, in conjunction with in-vitro mutagenesis techniques and molecular mode&g, it 
provides a systematic approach to the ducidation of structure-function relationships. Although a number of 
mammalian cytochromes P450 have been expressed in a variety of heterologous systems [for review, see 51, this 
report is the fist to describe the expression of human CYP2D6 in the yeast Sacchuromyces cerevisiae. 
Validation of the substrate specificity and catalytic activity of the recombinant protein is also described. 

MATERIALS AND METHODS 

Molecufar biofogy techniques, the expression ptasmid (pMA91) containing the phospho~y~rat~ kinase (PGK) 
promoter and terminator, microbial strains (Escherichia coli DHSo, S. cerevisiae AH22), culture conditions and 
reagents were similar to those described previously for the expression of CYPlAl in yeast [6]. Plasmid pMP201 
containing the full-length CYP2DG cDNA gene was obtained from Prof. C. R. Wolf (Imperial Cancer Research 
Fund Laboratories, University of Edinburgh). The EcoRl fragment containing the CYP2D6 gene was excised 
and modified with BamHl linkers [7]. Plasmid pELT1, which directed the synthesis of CYP2D6 in yeast strain 
AH22, was constructed by ligating the BumHI-modified CYP2D6 gene into pMA91 [6]. Transformation of yeast 
cells with plasmids pMA9I and pELT1 was by electroporation [S]. Human liver [9] and yeast [6] microsomes 
were prepared as described previously. Western and immunoblotting techniques were carried out using standard 
methods [lo]. Assays for the metabolism of sparteine [ll], metoprolol [9], lignocaine [12], tolbutamide [131j 
S-mephenytoin [ 141 and p-nitrophenol [ 151 used published methods, as did cytochrome P450 [16] and protein 
f17j determinations. 
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RFSULTS AND DISCUSSION 

Micro~m~ prepared from yeast AH22 cells transformed with pELTI (AH22/pELTl) showed a Sorer 
ab~~tjon maximum at 448nm and a p&SO content of 67 
pmolj’mg n = 

C 31 pmol/mg microsomal protein (range 140 - 44 
IO), No P450 was detectable in microsomes prepared from control AN22 cells transformed with 

pM4PI (~22/p~9~) (Fig. 1). The level of expression of CYI’2D6 compares favourably with that of other 
human P45Os expressed in yeast cells inckding P450, 10 pmd/mg microsomai protein (mp) [ 181; CYRAl, 33 
pmoI/mg mp [6]; CYPZClO, 40 pmoI/mg mp [IPI and CYF3A4, PO pmoi/mg mp [2OJ; and is greater than 
human P4.50 expression, including CYP2D6, in mamm~an COS 1 cells (5-40 pmoi/mg mp) [2lJ and human 
l~phoblastoid cell-lines (20-40 pmol/mg mp) 1221. 
The western blot of AHzZ/pELTl microsomes when probed with an antibody raised against human CY&D6 
revealed a strong band with a mokcular mass consistent with that of CYP2D6 from human Liver micro~mes. 
No corresponding band was observed with microsomes from AH22 cefls transformed with pu491 (Fig. 2). The 
intensity of signal with AH22/pELT microsomes was. greater than that obtained with human liver microsomes, 
when compared on a pg of microsomal protein basis, indicating an efficient expression of the ck’p2D6 gene in 
yeast. 

III I I I I I 

450 

Wavelength (nm) 
Fig. 1, Reduced carbon monoxide 
difference spectra of microsomes from 
AH22fpELTl ( -) and AH22/pMA91 
control (- - -) yeast celfs. Microsomai 
protein concentration, 9 mg/mL. 

Fig. 2. Immunoblot analysis of microsomes 
probed with a monoclonai antibody raised against 
human CYP2D6. Lane 1, human liver (15 yg); 
lane 2, AH22/pMA91 control yeast (30 pgg); lane 
3, AH22/pELTl yeast (30 pg). 

The substrate specificity of CYKZD6 in microsomes prepared from yeast AH22/pELTl is consistent with that 
anticipated from human Liver microsomes. Sparteine and metoprolol, two classical substrates of CYP2D6, are 
metabolised by the recombinant enzyme, while tolbutamide and S-mephenytoin, substrates of the CWLC 
sub-family [23], and p-nitrophenol, a substrate of CYfQEl [24], are not metabolised (Table 1). However, a small 
amount of the N-deethylated metabolite of lignocaine, mon~thyl~yc~~lidide (MEGX), amounting to 4% of 
that observed with human liver microsomes, was detected with microsomes from yeast cells expressing the 
r~mb~ant protein. This reaction is reported to be catalysed by CYBA4 [2S]. Negligible metabolism of the 
substrates was observed with yeast control AH22/pMAPl microsomes, while ah substrates were metabolised by 
human microsomes prepared from the liver of an extensive metaboliser (Table 1). 
The metabolite ratios of 2-dehydrosparte~e:5-dehydrosparteine and O-demethy~etoproio~ 
~hydro~etoprolo~ were slightly lower with microsom~ from AH22/pELTl yeast cells (3.1 and 4.6, 

respectively) compared with human liver microsomes (4.2 and 5.7, respectively). This is consistent with the 
involvement of an additional I?450 in the 2-dehydrogenation of sparteine 1261 and the O-demethylation of 
metoprolol in human liver microsomes [P]. 
The rate of metoprolol metabolism by microsomes from AH22fpELTl cells, when expressed on a mg of 
microsomal protein basis, was 31-39% that of human liver microsomes, while the rate of sparteine metabolism 
approached that of human liver microsomes (73-100%) (Table 1). The reduced rate of metoprolol metabolism 
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Table 1, Catalytic activities of yeast and hum liver microsomes 

M~~~~~S 

.%&s~~te lbxiucr AEm AH221 H- 

Spar&e ZDHS 

SDHS 

~e~~~~o~ CURM 

ODM 

ToXbutamide OHTTB 

S-Mephenytoin 4HM 

NDM 

~Ni~~o~ 4NC <&SO <aSO 523 

Lignocaine MEGX d.02 0.20 4.52 

ILDRS, 2-dehydrosparteine; SDHS, 5-dehydrasparteine; ~YHM, w 
hydmxymetoprolol; ODM, O-demethylmataprolol; OHTBr 
hydroxytolbutamide; 4HM, 4’-hydroxymephe~ytain; NDM, N- 
~~~y~~Fhenytoin; 4NC, 4-nitrocate.cbol; MEGX, monoethyf- 
~lyc;~xy~~d~~. Values are nmo3 product/mg ~~te~~~~~~ mew 
of two rep&&es_ P4SO cantent of ye& AHZ2lpELTI aad bumaiz 
iiver microsomeswen 67 and 1314pmoilmg protein, respective&+. 

inhibitor wnc. (pu) 

Fig. 3. Effect of quinidine (B) &nd quinine (A) on 
the metabolism of metoprolol b microsomes from 
AH22fpELTl yeast cells. A, m rbrtton of a- 

. yh. II 

bydro~y~at~on; 13, inhibition of ~-d~methy~~tion. 
E&t p&t is a mean of du~~~~t~ anatyseS. C, 
control. 

with recombinant CYF2D6 is at variarrm with the apparent greater Ievel of expression in the yeast micresemes 
as indicated by the irnmunobIot (Fig 2) However, the recombinant protein could have a lower turn-over 
number and&x a ~r~~~on of the enzyme co&d be inactive. when catalytic activity is expressed on a total 
P4SO ha&a however, the rate ef metopr&G mew&&& with rwwtbinant prat& is greater than w&b human 
liver micresomes (40-f&d and 20-f&d for O-demethyiation and or-hydroxylation, respective&), 
The inhibition of metoprolol metabolisn by quinidine (XC, ~Q.OSuM) was 200 times greater than inhibition by 
quinine (IC,=4uM), both for a-hydroxylation and 0-demethylation (Fig. 3). Similar stereoselective inhibition 
of metoprolol metabolism by quinidine turd quinine using human liver microsomes has been established 
previously f9]. As anticipated, complete inhibition of ~-d~methylat~on of metoproiol by the yeast microsames 
rroutd be achieved with both quinidine and quinine (Fig. 3.), whereas in human mierosornes on& 80% of this 
a&v&y can be ir&ibitwI [S], indit&~ the ~o~ern~n~ of another enzyme, in addition to CYF2DS, in the 
O-demethyfation of mctoprolol. 
The results indicate that the substrate specificity, catalytic activity and imtnunologic properties of human 
debrisoquine 4-hydroxyhme expressed in yeast are comparabhr with those of C”YF2D6 in human liver. The 
recombinant CYF%N should be useful in identifying drugs undergoing oxidative catalysis by this enzyme and 
for determining its structure-function relationships, 
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