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Fig. 1. Development of azole antifungal-resistant C. albicans strains by expression of different cellular mechanisms.

Table 1. Drug efllux pumps in pathogenic fungi

Fungus Efflux pump gene Type of transporter Reference
C. albicans CDR1 ABC 10
CDR2 ABC 11
BENR MFS 12
FLUI MFS 13
C. glabrate CDRI ABC 14
PDHI ABC 15
C. dubliniensis CDRI ABC 16
CDR2 ABC 16
MDRI MFS 16
C. krusei ABCI ABC 17
ABC2 ABC 17
C. neoformans CneMDRI ABC 18
CnAFRI ABC 19
A. fumigatus AfuMDRI1 ABC 20
AfuMDR2 ABC 20
AfuMDR3 MFS 21
AfuMDR4 ABC 21
A. flavus AfIMDRI ABC 20
A. nidulans atr4 ABC 22
atrB ABC 22
atrC ABC 23
atrD ABC 24
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Fig. 3. Functional hyper-expression of efflux pumps in the host
S. cerevisiae strain ADI1-8U". SDS-PAGE gel analysis
showed that C. albicans Cdrlp and Cdr2p, and C. glabrata
Cdrlp and Pdhlp were equally hyper-expressed at the
size of 170 kDa in the plasma membrane of the host cells.
Proteins were stained with Coomassie blue and identities
confirmed with specific antibodies or by mass spectro-
metry. The gel also showed the plasma membrane prepara-
tion from a control strain transformed with an empty

cassette from pABC3.
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Table 2. Antifungal susceptibilities of S. cerevisiae cells
expressing C. albicans drug resistance genes

Fluconazole

Gene Function MIC (j1g/ml)
CDRI1 ABC pump 400
CDR?2 ABC pump 80
BENR MFS pump 60
ERGI1 Ergosterol synthesis 2
None (AD1-8u”) - 0.6
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Fig. 4. A model of azole sensitization due to increased drug accumulation caused by drug efflux pump

inhibitors. Hyper-expression of individual multidrug efflux pumps facilitates chemosensitizer discovery.
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Fig. 5. Chemosensitization of the S. cerevisiae Pdr5p over-

immunosuppressant FK506.
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An Efficient System for Functional Hyper-expression of
Multidrug Efflux Pumps in Saccharomyces cerevisiae

Masakazu Niimi
Department of Bioactive Molecules, National Institute of Infectious Diseases,
1-23-1 Toyama, Shinjyuku-ku, Tokyo 162-8640, Japan

Clinically important resistance of fungal pathogens to azole antifungal drugs is most frequently caused by
the over-expression of energy-dependent drug efflux pumps. These pumps usually belong to either the ATP-
binding cassette (ABC) family or the major facilitator superfamily (MFS) class of membrane transporter.
Little is known about how these pumps work and there is urgent need to develop pump antagonists that
circumvent resistance. The expression system is based on an S. cerevisiae AD1-8u” strain deleted in seven major
ABC transporters which has reduced background and endogenous efflux activity. Plasmid pABC3 was
engineered to allow functional hyper-expression of foreign proteins in this host. The main advantages of our
system are its cloning efficiency: the use of homologous recombination to stably integrate single copy
constructs into the host genome under the control of a highly active transcriptional regulator. The expression
system has been used to clone and express genes encoding drug efflux pumps from several pathogenic fungi.
Furthermore, functional over-expression of human P-glycoprotein was also demonstrated. The protein hyper-
expression system will be useful for the screening of pump inhibitors and the study of membrane protein
pumping mechanisms. This system has been used to screen chemicals for pump inhibitors. It was found that
FK506 and milbemycins chemosensitized pump-expressing and fluconazole-resistant strains and inhibited
pump ATPase activity.
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