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    Chapter 4   

 Preparation of  Saccharomyces cerevisiae  Expression 
Plasmids       

         David   Drew    and    Hyun   Kim         

  Abstract 

 Expression plasmids for  Saccharomyces cerevisiae  offer a wide choice of vector copy number, promoters of 
varying strength and selection markers. These expression plasmids are usually shuttle vectors that can be 
propagated both in yeast and bacteria, making them useful in gene cloning. For heterologous production of 
membrane proteins, we used the green fl uorescent protein (GFP) fusion technology which was previously 
developed in the  Escherichia coli  system. We designed an expression plasmid carrying an inducible  GAL1  
promoter, a gene encoding a membrane protein of interest and the GFP-octa-histidine sequence. Here we 
describe construction of multi-copy yeast expression plasmids by homologous recombination in  S. cerevisiae .  
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  Abbreviations  

  GAL    Galactokinase   
  GPD    Glyceraldehyde-3-phosphate dehydrogenase   
  TEF    Translation elongation factor 1 α    
  TEV site    Tobacco etch virus protease cleavage site   
  yEGFP    Yeast-enhanced green fl uorescent protein       

 

 One of the advantages working with  S. cerevisiae  is that there is a 
wide selection of vectors that can be used for various purposes. 
These vectors were developed and modifi ed during the 1990s 
and have been continuously optimised for a range of applications. 

  1.  Introduction
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Usually they are shuttle vectors that can be transferred between 
yeast and bacteria, making them useful tools for gene cloning and 
molecular biology in general. 

 Yeast vectors are roughly divided into two groups: one with a 
yeast centromere sequence ( CEN ) and the other with a 2 μ  origin 
of replication. The former is a mitotically stable yeast replicating 
plasmid with only a single copy present per cell  (  1  ) ; whereas 2 μ  
plasmids have a copy number of about 20 per cell  (  2  ) . 2 μ  plasmids 
are generally more useful for heterologous protein production. 

 For regulated or constitutive production of heterologous 
proteins, Mumberg et al. tested various promoters in both the 
 CEN  and the 2 μ  plasmids  (  3,   4  ) . They showed that the galactoki-
nase ( GAL1 ) promoter rendered the highest gene expression for 
controlled and inducible expression of heterologous genes  (  3  ) . 
Among the tested constitutive promoters, promoters derived from 
genes of glyceraldehyde-3-phosphate dehydrogenase ( GPD ) and 
translation elongation factor 1 α  ( TEF ) exhibited high strength in 
heterologous gene expression  (  4  ) . For both cases, yeast cells carry-
ing vectors of the pRS420 series (2 μ  plasmids) showed higher pro-
tein yields than those containing the pRS410 series ( CEN  plasmids). 
To further optimise these vectors, they were constructed with four 
different selection markers,  HIS3 ,  TRP1 ,  LEU2  or  URA3   (  3,   4  ) . 
Thus, they offer a choice of copy number, promoter and selection 
marker, so that researchers can choose an expression plasmid 
according to their needs. A complete set of these expression vec-
tors can be found and purchased from the American Type Culture 
Collection (ATCC, Rockville, MD, USA). 

 The heterologous production of membrane proteins has been 
a challenging task as membrane proteins are often produced in low 
yields and/or identifi cation of high-yielding systems is time-
consuming. To facilitate identifi cation of high-yielding conditions, 
we took advantage of the green fl uorescent protein (GFP) fusion 
approach that was previously used in  Escherichia coli   (  5  ) . It was 
shown that GFP was fl uorescent only when GFP-tagged mem-
brane proteins were correctly targeted to the plasma membrane. 
If they were aggregated in the cytosol, there was no fl uorescent 
signal. The fl uorescence resulting from recombinant membrane 
protein–GFP fusions could be easily measured both in liquid cul-
ture and in standard SDS gels. 

 We designed an expression vector carrying either constitutive, 
 TEF , or regulated  GAL1  promoters in a 2 μ  plasmid (pRS426) with 
C-terminal GFP and an octa-histidine tag for detection and purifi -
cation of proteins  (  6  ) . A yeast codon optimised Tobacco Etch 
Virus (TEV) protease site was designed upstream of GFP for 
removal of the GFP-His 8  tag. 

 When we initially tested production levels of more than 20 
membrane proteins using the two vectors above in  S. cerevisiae , we 
found that the  GAL1  promoter gave overall higher expression than 
the constitutive  TEF  promoter  (  6  ) . Further, we found that 
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membrane yields were enhanced in the  pep4  deletion strain in 
which the vacuolar endopeptidase Pep4p is deleted. Deletion of 
the  pep4  gene not only inhibits Pep4p protease activity but also 
reduces the levels of other vacuolar hydrolases  (  7  ) . 

 Here we describe the practical steps in using homologous 
recombination to generate sequences encoding a membrane protein–
GFP-His 8  tag fusion in the 2 μ  yeast vector carrying a  GAL1  pro-
moter, pRS426GAL1. This strategy has been successfully employed 
by others to overproduce eukaryotic membrane proteins  (  8  ) .  

 

     1.    Yeast  pep4  deletion strain, FGY217 ( MATa ,  ura3-52 ,  lys2 Δ 201 , 
 pep4 Δ  )  (  9  ) .  

    2.    A vector containing the yeast-enhanced green fl uorescent 
protein (pUG35)  (  10  ) .  

    3.    Growth medium without uracil    (for 1 L, 6.7 g yeast nitrogen 
base without amino acids (BD Difco, cat. No. 291920)), 2 g 
yeast synthetic drop-out medium supplement without uracil 
(Sigma, cat. No. Y1501), and either 2% glucose (for pre-culture) 
or 0.1% glucose (for expression culture). For plates, add 20 g 
of bacto agar (Sigma, cat No. A5306).  D -(+) glucose can be 
purchased from Sigma (cat. No. G7021).  

    4.    20% galactose (w/v) (Sigma, cat. No. G0625).  
    5.     SmaI  restriction enzyme (Invitrogen, cat. No. 15228018).  
    6.    For yeast transformation with lithium acetate, YPD medium 

(BD Difco, cat. No. 242810), polyethylene glycol (PEG) 3350 
(Sigma, cat. No. P3640), lithium acetate (Sigma, cat. No. 
L4158), salmon sperm DNA (Sigma, cat. No. D1626), dime-
thyl sulfoxide (DMSO) (Sigma, cat. No. D2438) are needed.  

    7.    PCR reagents (polymerases and dNTPs are available from vari-
ous companies).  

    8.    Mini-prep plasmid kit (Qiagen).  
    9.    Acid-washed glass beads, 500  μ m (Sigma).      

 

      1.    Amplify a fragment containing the yeast-enhanced GFP 
sequence (yEGFP) excluding the start codon from the pUG35 
plasmid  (  10  )  by PCR using two primers: forward 
5 ¢ -TCTAGAACTAGTGGATCCCCCCCCGGGGAAAATT
TATATTTTCAAGGTC-3 ¢  and reverse 5 ¢ -GACGGTATCGAT
AAGCTTGATATCAATTCCTGCAGTTAATGATGATG-3 ¢ . 

  2.  Materials

  3.  Methods

  3.1.  Construction 
of an Expression 
Vector Carrying the 
TEV Site-GFP-His 8  
Sequence
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These primers contain sequences encoding (1) tobacco etch 
virus (TEV) cleavage sequence (ENLYFQG/S), (2)  SmaI  
endonuclease restriction site, (3) octa-histidine tag on the 
reverse primer and (4) homologous recombination sites to the 
pRS426 plasmids (Fig.  1 )  (  11  ) .   

  Fig. 1.    Cloning by homologous recombination into a 2 μ   S. cerevisiae  GFP-fusion expression vector  (  11  ) . Primer design for the 
gene YNL275W/BOR1 is shown as an example. The sequences in  bold  are the homologous recombination sites to the vector.       
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    2.    Digest pRS426GAL1 with a  SmaI  restriction enzyme to linearise 
the vector (see  Note 1 ).  

    3.    Transform any uracil auxotrophic  S. cerevisiae  strain with the 
PCR-amplifi ed fragment and the  SmaI -digested pRS426GAL1 
plasmid using lithium acetate  (  12  ) . Select on medium lacking 
uracil. To assess the number of background colonies carrying 
only an empty vector, prepare one sample lacking the PCR 
product. The number of these background colonies should be 
very low.  

    4.    Inoculate yeast transformants in 5 mL of medium lacking ura-
cil, grow overnight at 30°C and isolate plasmids by following 
the mini-prep plasmid kit manufacturer’s protocol with the 
exception that the harvested cells should be suspended in the 
kit’s resuspension buffer (the fi rst buffer in the mini-prep kit). 
Then, add an equal volume of acid-washed glass beads to the 
cell suspension, vortex at maximum speed for 5 min, collect 
the glass beads and unbroken cells with a brief centrifugation 
step and transfer the supernatant to a new tube. Thereafter 
proceed to the next step of the mini-prep kit protocol. These 
plasmids should be further amplifi ed and isolated from bacte-
rial cells for DNA sequencing. The pRS420 series of vectors 
contains an ampicillin-resistance marker for selection in bacte-
rial cultures.  

    5.    Isolate plasmids from bacterial cells and sequence to confi rm an 
in-frame TEV site-GFP-His 8  sequence. pRS426GAL1 carrying 
the TEV-site-GFP-His 8  sequence is designated pDDGFP-2  (  6  ) .      

      1.    Amplify the gene of interest with primers that include 5 ¢  over-
hangs (35 bp) complementing the upstream and downstream 
sequences to either side of the  SmaI  site in the pDDGFP-2 
vector (Fig.  1 )  (  11  ) .  

    2.    Carry out transformation of FGY217 ( MATa ,  ura3-52 , 
 lys2 Δ 201 ,  pep4 Δ  ) with the PCR-amplifi ed gene and  Sma I-
linearised pDDGFP-2  (  9  )  using lithium acetate  (  11,   12  )  and 
select on medium lacking uracil. As for the pDDGFP-2 vector 
above, prepare one sample without the PCR product to assess 
the number of background colonies. Yeast plates can be stored 
at 4°C for at least 1 month without a reduction in production 
levels.  

    3.    To confi rm that a colony harbours the vector and gene of 
interest, inoculate 5 mL of medium lacking uracil with the 
colony, grow overnight at 30°C and either do yeast colony 
PCR using sequencing primers or check the fl uorescence of 
whole cell lysates (described in detail in Chapter   8    ).       

  3.2.  Cloning of 
Membrane Protein-
Encoding Gene(s) into 
the pDDGFP-2 Plasmid
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     1.    Digestion with  Sma I gives rise to blunt ends that eliminate 
background colonies caused by re-annealing of a linearised 
vector by homologous recombination during transformation. 
There may be a higher number of background colonies when 
using restriction enzymes that produce sticky ends. This does not 
appear to be reduced by including a dephosphorylation step.          
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