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Figure 2.1 Schematic map of pHVX2. 
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This vector is derived from plasmid YEplac 181, one of the classical yeast shuttle 

vectors of Gietz and Sugino (1988). pHYX2 was constructed by insertion of a PGK 

(Phosphoglycerate kinase) promoter and terminator sequences (separated by three 

restriction sites) into the HindIII restriction site on position 233 of YEp lac 181. 

Presence of a LEU2 gene facilitates selection of yeast transformants using solid media 

lacking leucine. 

pHYX2 vector was a kind gift from Prof. Prior and G. Kayingo, University of 

Stellenbosch. 

2.3.2 Isolation of total yeast DNA 

A 10ml culture of S.cerevisiae was grown to mid logarithmic growth phase and 

harvested by centrifugation at 10000 g for 10 minutes at 4°C. The pellet was 

resuspended in 400I-LI homogenisation buffer: 10mM Tris-HCI, 50mM NaCl (pH 7.4). 

200mg of glass beads of size 710-1180 micron were added to the suspension and the 

mixture vortexed at very high speed for 45 seconds to disrupt yeast cells. The 

homogenate was then removed from the beads and 400I-L1 lysis solution of the 

following recipe was added: 200mM NaOH, 1 % (w/v) SDS. The suspension was 
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Figure 2. General Scheme for Fmoe Synthesis 

2.2 Schematic re(lrc!icntatiion of solid 
amino acids. 
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Figure 3.1. Working model of the HSP30P protein based on predictive analysis. *: 
potential phosphorylation site, G: potential glycosylation site (see text for amino 
acid locations). Horizontal black bars denote transmembrane segments numbered 
1 to 7. Helix 1: amino acids 34-56, helix 2: 67-87, helix 3: 123-140, helix 4: 154-178, 
helix 5: 188-202, helix 6: 213-235, helix 7: 248-270. 

The predicted structure of HSP30P as presented above belongs to class 6 proteins as 

recognized by the structural classification of proteins (SCOP) database (Murzin et at., 

1995). It is more specifically reminiscent of the seven helix receptor super-family of 

proteins such as rhodopsin. Exhaustive bioinformatic analysis did not reveal any 

similarity with this family of proteins beyond secondary structural organisation. 

3.2 Expressing HSP30 for puri'fication 

One of the major initial objectives of this work was to investigate the potential role of 

HSP30P in influencing membrane order in stressful conditions. Previous data (Sales 

et at., 2000) has shown that HSP12 protects membranes against damage by ethanol. 

This protection was optimal in liposomes prepared from positively charged 

phospholipids suggestive of an electrostatic interaction between the slightly 

negatively charged HSP 12 and liposomes. In vivo therefore, the neutral charge of the 

yeast plasma membrane would not be sufficient for protection to be most effective. 

Since HSP30P is the single major nascent protein found at the plasma membrane on 
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Figure 3.2. Coomasie stained 15% (w/v) acrylamide SDS PAGE gel showing total 
protein extracted from E.coli BL21 cultures. Lane 1: Non-induced pGEX-HSPI2, 
Lane 2: Induced pGEX-HSPI2, Lane 3: Non-induced pGEX-p8, Lane 4: Induced 
pGex-p8. M: Protein size marker (Chicken core histones) 4. •••• : expected size of 
HSP12-GST fusion (40kDa) ~ : expected size of HSp317-GST fusion (65kDa). 

Typical expression optimisation approaches were followed including monitoring 

expressed proteins at regular intervals after induction, induction at various culture 

OD's and induction with various IPTG concentrations. It was also thought that since 

HSP30P is a membrane protein, it was likely to be incorporated into membranous 

organelles or into inclusion bodies. Thus membrane proteins from induced cells were 

also analysed by SDS-PAGE 

After these attempts to optimise expression as well as analysis of expressed proteins it 

was concluded that HSP30P is not expressed optimally in E.coli. Figure 3.2, lane 4 

clearly shows the absence of an overexpressed protein at the expected size (dotted 

arrow). Unsuitability of expression host for the vector used was ruled-out as the 

cause for lack of expression. The BL21 strain of E.coli naturally lacks the Lon 

protease and is engineered to be deficient of the OmpT protease. We chose this strain 

of E.coli specifically to minimise degradation of our recombinant protein. Further, 

the pGex series of vectors harbour a lacIq gene that produces very high levels of the 

lac repressor. If our recombinant protein was toxic to E.coli, problems associated with 

this toxicity will have been minimised, as the protein should be produced in 

significant amounts only in the presence of the artificial inducer IPTG. 
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Figure 3.3. Ethidium bromide stained agarose gel showing four positive clones 
from double-digested plasmid DNA extracted from E.coli JMI09 cells transformed 
with pHVX30 ligation reaction (A) and confirmation of the size of insert and 
vector (B). 4 ... I : expected size of digested pHVX2 (7.5 kb) ~ : 
expected JJze or HSP30 insert (lkb) M: Bacteriophage lambda DNA digested with 
Pstl. ~ : co-extracted RNA. Lanes 1 - 8 represent individual extracts 
from different transformants. 
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Figure 3.4. Coomassie-stained 12% (w/v) acrylamide SDS-PAGE gel showing 
yeast plasma membrane protein:. : expected location of HSP30 at 
approximately 30 kDa. Lanes 2, 4, 6, 8 Wild type yeast cells grown in SD media. 
Lane 1: Wild type yeast transfomed with pHVX2 grown in SD with 2% (v/v) 
ethanol, lane 3: wild type-pHVX2 in 3% (v/v) ethanol, lane 5: wild type-pHVX2 in 
4% (v/v) ethanol and lane 7: wild type transformed with pHVX30. 

3.2.3 Codon adaptation index of HSP30 

Among the crucial factors affecting the level of expression of cloned genes are 

promoter strength, stability of mRNA, plasmid copy number, plasmid stability and 

codon choice within the gene of interest (see Old and Primrose, 1994 for review). In 

this study we attempted to overexpress HSP30P in a heterologous host and in its 

species of origin. In both cases transcription was under control of strong promoters; 

both plasmids used have origins of replication that are widely known to result in a 

high copy number and all cultures were grown under selective pressure to maximise 

plasmid stability. HSP30 mRJ.'l"A level has been shown to increase many-fold on 

induction by stress and entry to the stationary phase of growth. This level is 
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Figure 3.5 Antigenecity index plot of HSP30. 

The peptide was synthesised using solid-phase peptide synthesis methodology, which 

was pioneered by R.B. Merriffield (see Atherton and Sheppard, 1989 for a historical 

account of the Merrifield technique). We used a modification of this approach, which 

makes use of Fmoc-protected amino acid chemistry as proposed by Atherton and 

Sheppard and outlined in section 2.6. 

After complete peptide synthesis and deprotection of the peptide side-groups, the 

resulting powder was analysed by MALDI-TOF mass spectrometry. The expected 

molecular weight of our peptide was 1118 Daltons or 1136 Daltons depending on the 

absence or presence of a water molecule. The spectrum for this peptide shows that 

the peptide powder obtained contains mainly a peptide of this size and a mixture of 

other peptides with larger and smaller molecular weights (figure 3.6). 
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Figure 3.6 MALDI-TOF spectrum showing molecular weights of peptides in Pep! 
powder. 

This finding was not surprising since it has been reported that, with the recommended 

incubation times, not all of the F -moe protecting groups are effectively removed from 

all amino acids at each terminal-amine deprotection step (Fields and Noble, 1989). 

(This is particularly the case for F -moe-glutamine residues, which must be 

deprotected more extensively.) Where deprotection is not complete, the subsequent 

amino acid cannot be coupled effectively resulting in shortened chain length. 

Additionally, side-chain protecting groups may also not be fully removed at the final 

deprotection step resulting in increased molecular weight. Atherton and Sheppard 

(1989) have also reported the presence of significant side reactions. For a fifteen 

amino acid peptide, the crude peptide powder can contain 26% of very closely related 

impurities. 

Nonetheless, for our purpose of raising antibodies, the knowledge that the closely 

related peptides present in this heterogeneous mixture present uninterrupted 

sequences from HSP30P that are long enough to form an epitope is sufficient. As such 

it was not necessary to purify the peptide of the exact expected molecular weight from 

this mixture by HPLC. 
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Figure 3.7 MALDI-TOF spectrum showing molecular weight of ovalbumin (Panel 
A) and Pep I-ovalbumin conjugate (panel B). 
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Figure 3.8 MALDI-TOF spectrum showing molecular weight of BSA (top) and 
Pepl-BSA conjugate (lower). 

Ovalbumin conjugates were used to immunise rabbits. Blood was collected at two­

week intervals for a period of three months. After this period, antisera from each 

bleed were tested for anti-HSP30-peptide activity by ELISA as described in section 

2.6.3. The BSA-peptide conjugate was used as antigen. 
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Figure 3.9 Titre determination of antisera by ELISA showing OD405 of samples 
after 30 minutes (A) and 16 hours (B) incubation. 

It was found that the injected rabbit produced anti-HSP30-peptide antibodies. The 

analysis by ELISA showed that antisera from bleeds 3 and 5 show the highest anti­

HSP30-peptide activity. The low OD405 reached on the standard incubation time of 

30 minutes (figure 3.9 (A)) was however rather disappointing. Prolonged incubation 

resulted in a substantial increase in OD405 (figure 3.9 (B)). Since we have been able 

to show that our BSA-peptide conjugate was substantially conjugated (figure 3.8), this 
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suggested that there was a relatively low concentration of anti-HSP30-peptide IgG 

resulting in lower binding of alkaline phosphate-secondary-antibody (anti rabbit IgG) 

conjugate and slower conversion of pNPP to its yellow product. These results 

stimulated us to fur.her investigate the 'potency' and specificity of the serum 

obtained. It was particularly important to establish that the anti-HSP30-peptide 

antibody reactivity was sufficient for chromogen based assay on nitrocellulose 

membranes (our Western Blot method of choice makes use of chromogenic 

visualisation of antibody recognition, see section 2.6.4). 

lOllg of antigen was blotted onto nitrocellulose paper and further processed and 

developed as described in section 2.6.4. Figure 3.10 shows the fully developed blot. 

BSA (lA), BSA-peptide conjugate (lB), ovalbumin (2A) and ovalbumin-peptide 

conjugate (2B) were used as antigen. 

1 2 

A 

B • 
Figure 3.10 Dot blot analysis of anti HSP30-peptide activity of serum from 
bleed 5. 1A: BSA, 1B: BSA-peptide conjugate, 2A: ovalbumin and 2B: 
ovalbumin-peptide conjugate 

It was found that the antibody did not recognise BSA alone but had good reactivity 

against the BSA-peptide conjugate. As expected, both ovalbumin and the ovalbumin­

peptide conjugate were recognised to a greater extent. 
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The Hopp and Woods method for prediction of antigenic regions is widely used and 

has been rated as superior to other methods available (Hopp, 1993). In our case it can 

be seen that the antigenic peptide predicted is indeed antigenic. However other 

researchers have shown that software-based location of antigenic determinants has 

limited reliability (Van Regenmortel and Pellequer, 1994). It has particularly been 

shown that anti-peptide antibodies will not necessarily cross-react with epitopes in the 

native protein. 

Plasma membranes were extracted from the wild type and HSP30 knock-out strain of 

S.cerevisiae that had been grown in YPD media containing 6%(v/v) ethanol. An 

SDS-PAGE gel of these extracts was transferred to a nitrocellulose membrane as 

described in section 2.6.4. Due to its highly hydrophobic nature, transfer of HSP30P 

has been reported to be particularly poor (Piper et aI., 1997; see also HSP30 profile at 

the web-based yeast protein database (www.proteome.comlypd.htm». Transfer of 

proteins and presence of a band at the expected size for HSP30P was confirmed by 

staining with ponceau S. The resulting Western blot indicates that the antibody raised 

in this study does not cross-react with SDS-denatured HSP30P protein (not shown). 

3.5 Manipulating Expression of HSP30 in non-stressed and 

ethanol stressed yeast 

3.5.1 Effect of loss of HSP30 on growth in the presence of ethanol stress 

It has been shown that HSP30P is induced by ethanol stress. However, data 

indicating that HSP30P provides a growth advantage to ethanol treated yeast cultures 

has not been produced. We acquired a HSP30 disrupted yeast strain (HSP30 'knock­

out') (a kind gift from ProfP. Piper, University College London) and an isogenic wild 

type strain to investigate this. Cultures of this wild type strain and its knock-out were 

grown at 30°C for 48 hours in YPD media containing ethanol at concentrations 

ranging from 0% (v/v) (YPD medium alone) to 10% (v/v). All cultures were 

inoculated with pre-cultures containing approximately the same number of cells, as 

determined from their optical density at 600nm (OD600). OD600 reached by cells 

grown in YPD alone (0% ethanol) was set as 100% growth. OD600 reached by the 

other cultures was recorded as a percentage of this. 
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Wild type cells in w~ich HSP30P is expressed normally were able to grow more 

successfully than the knock-out strain as the concentration of ethanol increased 

(figure 3.11). 

120 
100 

.s:::: 80 • WT 
'i 
0 60 ... 
(!) 40 • KO( . 
~ 0 20 

a 
a 5 10 15 

%Ethanol (v/v) 

Figure 3.11 Growth of wild-type and HSP30 knock-out strains of yeast in ypn 
medium containing ethanol at various concentrations. 

More specifically, it was found that growth of the strain lacking HSP30P was severely 

compromised at ethanol concentrations as low as 5% (v/v) at which OD600 was 16% 

of OD600 reached by cells grown in the absence of ethanol. At this percentage of 

ethanol wild-type cells reach an OD600 that is as high as 98% that of cells grown in 

YPD alone. This percentage drops sharply to 22% in 6% ethanol. Data shown is the 

mean of OD600 from four independent cultures. 

Extended incubation of these cultures for up to 96 hours did not result in a significant 

change in the profile seen in figure 3.11. This indicates that the lower OD600 reached 

by cultures at higher ethanol concentrations was not solely due to an extended lag 

phase, but a lower OD600 in the stationary phase. Effectively therefore, in the 

presence of ethanol the wild-type yeast cells achieved a higher final biomass than the 

cells lacking HSP30P. 
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Figure 3.12 Growth of wild-type yeast transformed with pHVX2 (WT2), HSP30 
knock-out transformed with pBVX2 (K02) and knock-out transformed with 
pHVX30 (K030) in SD medium lacking leucine containing ethanol at the stated 
concentrations. 

More specifically, it is found that K030cells in 2%(v/v) ethanol reach an OD that is 

146% that of cells grown in the absence of ethanol indicating that constitutive 

expression of HSP30P does not supply a growth advantage to non-stressed yeast. 

Indeed, it can be concluded that constitutive expression of HPS30 is detrimental to 

non-stressed yeast. 

This finding is also consistent with the role of HSP30P as a negative regulator of the 

plasma membrane proton ATPase. Inhibition of the ATPase in the absence of stress 

would severely disrupt pH homeostasis and other processes that are dependent on the 

electrochemical gradient that this protein maintains. 

3.6 The C-terrninal intracellular domain of HSP30 

Among the more interesting features highlighted by the analysis of the deduced amino 

acid sequence of HSP30P is its C-tenninal domain. This domain has been predicted 

to be orientated towards the intracellular side of the plasma membrane and is highly 

rich in glutamic acid residues. 11 out of the 62 (18%) residues in this domain are 
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glutamic acid residues. Additionally, three of the eight predicted phosphorylation 

sites within HSP30P are in this region of the protein. These features suggest that this 

domain is likely to be important in the function ofHSP30P. 

A strain of S.cerevisiae that expresses HSP30P protein that lacks the C-tenninal 

domain was constructed (Section 2.4). The truncated HSP30 gene was amplified 

from total yeast DNA by PCR using primers described in section 2.4. In this way a 

stop codon was introduced after codon 270 of the full-length gene. This PCR product 

was digested with EcoRI and Xho 1. It was then ligated to the yeast shuttle vector 

pHVX2 that had been digested with EcoRl and Xho 1 to construct pHVX30t. The 

ligation reaction was used to transfonn E.coli JM109 as outlined in section 2.3. 

Figure 3.13 shows an ethidium bromide stained agarose gel loaded with plasmid DNA 

isolated from these E.coli JMI09-pHVX30t cells and digested with EcoRl and Xhol. 

The size of the insert was confinned as the expected 829bp by agarose gel 

electrophoresis with bacteriophage lambda DNA digested with Pstl as a size marker. 
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Figure 3.13 Ethidium stained agarose gels showing cloned truncated HSP30. M: 
bacteriophage !3lnbda DNA digested with Pstl, 1: pHVX30t digested ~h Xhol 
and EcoRl). ~ ••• I : expected size of digested pHVX2 (7.5 kb) : 
expected size of tuncated HSP30 insert (O.8kb) 

pHVX30t was used to transform the HSP30 knock-out strain of yeast (to construct 

K030t cells). Cultures of this strain, the K030 strain and the K02 strain were grown 

at 30°C for 48 hours in SD lacking leucine and containing ethanol at concentrations 

ranging from 0% (v/v) (SD alone) to 12% (v/v). All cultures were inoculated with 

pre-cultures containing approximately the same number of cells, as determined from 

their optical density at 600nm (OD600). OD600 reached by cells grown in the 

absence of ethanol was set as 100% growth for each strain. OD600 reached by the 

other cultures was recorded as a percentage of this. 
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Figure 3.14 Growth of wild-type transformed with pHYXl (WT2), HSP30 
knock-out transformed with pHVX2 (K02), knock-out transformed with 
pHVX30 (K030) and knock-out transformed with pHVX30t (K030t) in SD 
medium lacking leucine containing ethanol at the stated concentrations. 

It is found that truncated HSP30P had no rescue effect on yeast cells grown in the 

presence of increasing ethanol stress (figure 3.14). K030t cells have a phenotype that 

is similar to that of HSP30 knock-out cells. It would be premature to firmly conclude 

that the C-terminal domain ofHSP30P is essential for the protein to function properly 

and provide yeast cells with a growth advantage due to its action at the plasma 

membrane. This observed phenotype could potentially be a result of non­

incorporation of the truncated HSP30P into the plasma membrane on loss of this 

domain. 

To confirm that the observed loss of function is a result of loss of the C-terminal 

domain of HSP30P and not lack of incorporation, plasma membrane proteins were 

extracted from the HSP30 knock-out strain that has been transfomed with pHVX30t. 

Analysis of this extract by SDS-P AGE was not sufficient to determine presence of the 

truncated protein. The full-length protein has aberrant mobility on SDS-PAGE 

(Regnacq and Boucr-erie, 1993). It was therefore difficult to predict whether this 

truncated protein would run at the expected 30kDa (this is incidentally the 

approximate size at which the full-length 37kDa protein runs). 

The extract was subjected to Western blot analysis (section 2.6.4) using antibodies 

raised as described in section 3.3 and did not show presence of truncated HSP30P. 
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The lack of HSP30 cross-reactivity of the antibody raised in this study are discussed 

in section 3.3. 

Truncation of proteins is a useful approach in elucidating regions that are important 

for proper function of a protein. In this study however, we have genetically removed 

a substantial portion of the protein. The putative C-terminal domain of HSP30P 

corresponds to no less than 16% of the total molecular weight of the full-length 

protein. It is thus not particularly surprising that loss of this domain results in loss of 

proper incorporation and/or function. We felt it was important to further pinpoint 

smaller regions of this domain and HSP30P as a whole that enable it to effectively 

regulate the plasma membrane proton ATPase. The succeeding section reports and 

discusses construction of site-directed mutants of one amino acid residue from the C­

terminal domain as well as another residue from an extracellular loop ofHSP30P. 

3.7 Mutation of potential phosphorylation sites in HSP30 

The function of several proteins in vivo is regulated by phosphorylation events that 

are catalysed by a large family of protein kinases. Catalytic domains of 

serine/threonine kinases share a high degree of homology and the mechanism of 

substrate recognition is similar among all of them. Songyang et al. (1994) have 

shown that a region of seven to twelve amino acids adjacent to the phosphate acceptor 

site is important for recognition. Based on this and other work a sequence and 

structure-based prediction tool for eukaryotic protein phosphorylation sites was 

developed using a neural network method (Blom et aI., 1999). This world wide web­

based tool, NetPhos has been used here to identify serine and threonine residues that 

are likely to be phosphorylated in HSP30P. In section 3.1 we describe the locations 

of these potential phosphorylation sites. Two of these sites have been selected for 

mutagenesis to investigate whether they are biochemically active. Threonine 181 

(from extracellular loop 2) and serine 308 (from C-terminal intracellular domain) 

were mutagenised to alanine residues using the four-primer method of site directed 

mutagenesis. Besides the various commercially available site-directed mutagenesis 

kits, this approach appeared to be the least tedious, most reliable and is currently more 

widely used than other approaches. The procedure is described in detail in Section 
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2.5. Mutagenised partial gene fragments were successfully amplified using Plu DNA 

polymerase (figure 3.15). Pfu DNA polymerase was preferred for use in this 

application over Taq DNA polymerase due to its higher fidelity and the knowledge 

that this enzyme does not incorporate adenosine bases at the 3' ends of amplified 

DNA. 

1 2 3 4 

Figure 3.15 Agarose gel showing mutgenised partial gene fragments. 1: T181A 
small fragment (478bp), 2: T181A large fragment (567bp), 3: S308A small 
fragment (313bp) 4: S308A Jarge fragment (948bp) 

These fragments were used as template and self-primers to generate the full-length 

mutant HSP30 genes, which were then cloned into pGEM T-easy (promega) 

according to manufacturer's instructions. The cloned regions of the constructs 

prepared for each mutant were then sequenced to confirm mutagenesis. Figure 3.16 

shows the sequence of the mutagenised region of each construct. Sequences 

corresponding to the primers used as well as the flanking regions on either side of the 

primer-derived sequence are shown. 
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Figure 3.16 Sequences of mutagenised regions of site-directed mutants of HSP30. 
A: TI8IA, B: S308A. New alanine codons are underlined. 

It is found that both constructs incorporated a new alanine codon at the expected 

location within the HSP30 gene. Comparison of these sequences with the nucleotide 

sequence of wild-type HSP30 (Reqgnacq and Boucherie, 1993) confirms that only the 

mutated codons differ. Each of the mutant genes was sub-cloned into the yeast shuttle 

vector pHVX2. The ligation reaction in each case was used to transform E. coli 

JMI09 as outlined in section 2.3. Figure 3.17 shows an ethidium bromide stained 

agarose gel loaded 'Nith plasmid DNA isolated from these E.coli JM109-pHVX30 

cells and digested with EcoRI and Xhol. 
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Both preparations show two bands indicating that the PCR-generated HSP30 was 

successfully cloned. The size of the insert was confinned as the expected l026bp by 

agarose gel electrophoresis with bacteriophage lambda DNA digested with Pstl used 

as size marker. The resulting constructs were tenned pHVX30-T181A and pHVX30-

S308A respectively. 

M 1 2 

••••• 

Figure 3.17 Ethidium stained agarose gels showing cloned mutant HSP30. M: 
bacteriophage lambda DNA digested with Pstl, 1: pHVX30-T181A digested with 
Xho1 and EcoR1, 2: pHVX30-S308A digested with Xho1 and EcoRl. •••• , 
expected size of digested pHVX2 (7.5 kb) ~ : expected size of truncated 
HSP30 insert (1 kb) 

NetPhos, the predictive tool for potential phosphorylation sites we have used here 

takes an "overall, general approach to kinase specificity" and includes all 

experimentally verified phosphorylation sites in Phosphobase at the time of creation 

(Blom et aI., 1999). HSP30P has a plasma membrane localisation and the 

compartmentalised nature of the yeast cell means that some of the phosphorylation 

sites predicted may not be active in vivo. The protein-protein interactions necessary 

for phosphorylation may be physically impossible. 

In S.cerevisiae, there is a plasma membrane associated kinase, casein kinase 1 (CK1), 

which has been shown to regulate activity of the plasma membrane proton ATPase 

(Estrada et aI., 1996). We envisage that the stress-induced regulator of this ATPase, 

HSP30P is also a substrate for this kinase. It is quite plausible to further hypothesise 

that CK1 provides a means of ' fine-tuning' the crucial activity of the plasma 

membrane ATPase in the presence of ethanol and other stresses. 
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