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THIS REPORT MUST INCLUDE INFORMATION FROM THE ENTIRE PROJECT  

 

3. EXECUTIVE SUMMARY  
This must report on the ENTIRE project. Address the objectives and milestones of the project as well as 
the impact of the study on the industry, not exceeding 500 words. You can overtype the example. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Objectives & Rationale 
 
Certain non-Saccharomyces secrete enzymes of oenological interest. Amongst these, 
proteases could be exploited to break down grape proteins responsible for haze in white 
wines. The aim of this study was to characterise the enzymatic properties of MpAPr1, an 
aspartic protease from the wine yeast Metschnikowia pulcherrima and to evaluate its overall 
oenological potential especially with regards to protein degradation, haze reduction and 
release of fermentative aroma precursors. Purification of MpApr1 by means of 
chromatography was prerequisite to achieve these goals. 
 
Methods 
 
In order to study MpAPr1, heterologous expression was realised in Komagataella pastoris and 
the conditions for optimal enzyme production were determined. After verification of activity, the 
enzyme properties were characterised. After multiple attempts and extensive optimisation, 
purification was achieved by means of cation exchange chromatography and the kinetic 
parameters (Km and Vmax) of MpAPr1 were compared to those of a commercial aspartic 
protease. MpAPr1 activity was confirmed against grape proteins under optimal environmental 
conditions for enzyme activity as well as under average winemaking conditions. Thereafter, 
the pure enzyme was added to grape juice and its impact evaluated before and after 
fermentation with S. cerevisiae. Finally, grape juice was inoculated with M. pulcherrima and 
sequentially inoculated with S. cerevisiae after which the impact on grape proteins and haze 
formation was evaluated.  
 
Key Results 
 
MpAPr1 was found active over a pH range of 3.0 to 5.0 and between 10°C and 50°C. Optimal 
conditions for protease activity were found at 40°C and pH 4.5. Activity was mostly unaffected 
by the presence of metal ions with the exception of Cu2+ and Ni2+ but only at concentrations 
higher than those occurring in grape juice/wine. Furthermore, proteolytic activity was retained 
(although not fully) in the presence of sugar and ethanol. Purification was achieved via cation 
ion exchange chromatography. MpAPr1 was able to degrade grape proteins (especially 
chitinases) in a buffered medium at optimal environmental conditions but was not as efficient 
under conditions resembling grape juice fermentation. After fermentation of Sauvignon blanc 
juice treated with MpAPr1, a significant increase in the production of specific volatile 
compounds (propanol, butanol, propionic acid) was observed. Other parameters remained 
unchanged. The sequential inoculation strategy using M. pulcherrima had an significant effect 

on haze formation after 48 h and protease activity could be confirmed. 
Conclusion/Discussion 
 
The characteristics of MpAPr1 initially suggested that this protease is able to degrade haze-
forming grape proteins without preliminary heating and under the environmental conditions 
occurring in (fermenting) grape juice. However, when tested in actual grape juice, MpAPr1’s 
activity remained low and its impact limited. The yeast origin of this enzyme would be an 
advantage to replace the fungal derived enzymes, but its conditions of use remain to be 
optimised (e.g. testing higher concentrations of enzyme, longer incubation times, testing 
proteases from other non-Saccharomyces yeasts).  
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4. PROBLEM IDENTIFICATION AND OBJECTIVES 
 State the problem being addressed and the ultimate aim of the project.   
 
Several non-Saccharomyces species naturally occurring within the winemaking environment 
have been shown to secrete extracellular enzymes of oenological interest. In the wine industry, 
proteases are being investigated for their ability to degrade haze-forming proteins in order to 
eliminate or at least reduce the need for fining agents such as bentonite (van Sluyter et al. 
2015). In addition to protein degradation, protease activity can lead to the release of assimilable 
nitrogen sources and is therefore hypothesised to have a direct impact on the production of 
yeast secondary metabolites such as higher alcohols and esters and also indirectly by 
influencing population dynamics. Indeed, this has been noticed in jujube wines (fermented with 
S. cerevisiae) treated with proteases before yeast inoculation (Zhang et al. 2016). 
 At the Institute of Wine Biotechnology, the exploration of the oenological properties of 
non-Saccharomyces yeasts isolated from grape juice/wine led to the identification of yeasts 
displaying extracellular acid protease activity. One such yeast species, Metschnikowia 
pulcherrima IWBT Y1123, was found to display strong activity against BSA, casein and grape 
proteins at low pH conditions (Reid et al. 2012). The protease-encoding gene, named MpAPr1, 
was isolated by the latter authors and tentatively identified as an aspartic protease, based on 
sequence similarities with other known aspartic proteases. In a follow-up study (Theron 2013), 
expression of MpAPr1 in Escherichia coli and subsequent purification were attempted, but 
recovery of an active enzyme remained unsuccessful due to the formation of inclusion bodies 
and refolding issues after protein extraction.  

The aim of this study was to characterise and investigate the oenological potential of the 
aspartic protease MpAPr1 through the expression of the MpAPr1 gene in a eukaryotic host (i.e. 
Komagataella pastoris) and the characterisation of its enzymatic properties. A further objective 
was to purify MpAPr1 by means of chromatography and assess its impact on grape proteins 
and overall oenological parameters.  
 
The main objectives of the study were the following: 
 
Objective 1: Obtain wine proteins of grape origin 
 
Objective 2: Investigate the ability of yeast acid proteases to degrade wine proteins and to 
eliminate/reduce haze formation 
 
Objective 3: Investigate the global impact of yeast acid proteases on wine composition and on 
other oenological parameters 
 
This study was conducted within the framework of the Oenodoc PhD programme in partnership 
with Dr Marina Bely (Université de Bordeaux, France). 
 

5. DETAILED REPORT 
Completion of a, b, c and d is obligatory. 

 
a. PERFORMANCE CHART (for the duration of the project) 

 

Milestone Target Date 
Extension 

Date 
Date 

completed 

1. Obtain wine proteins of grape 
origin 

2014  2014 

2. Investigate the ability of yeast 
acid proteases to degrade wine 
proteins and to eliminate/reduce 

2014  2015 
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haze formation  

3. Investigate the global impact of 
yeast acid proteases on wine 
composition and on other 
oenological parameters 

2015  2016 

4. Investigate the impact of co-
inoculation of an acid protease 
producing yeast with S. 
cerevisiae on wine composition 

2016  2018 

5. Journal publication(s) – final milestone 
(list intended Peer Reviewed and Popular/Semi-
scientific publications.  Completed publications 
to be listed in detail under point 6d) 

   

 
 

b)  WORKPLAN (MATERIALS AND METHODS) 
List trial sites, treatments, experimental layout and statistical detail, sampling detail, cold storage 
conditions and examination stages and parameters.  
 

Objective 1: Obtain wine proteins of grape origin 
 Task 1: Literature survey 
Although wine proteins have been described over the years, new advanced techniques allow a 
more accurate description: the most recent literature needed to be reviewed. Furthermore, the 
proteins causing haze in white wine are currently characterised and this aspect was also 
reviewed. This literature survey helped identify the critical wine proteins to be considered in this 
study as well as their physicochemical properties. 
 Task 2: Obtain grape proteins 
Several techniques to obtain grape proteins were implemented and attempted (see results 
section), but since extensive optimisation was needed, it was decided to obtain them from 
collaborators. Pure grape proteins specifically chitinases and thaumatin-like proteins were kindly 
donated by Dr Vincenzi and Prof Curioni (University of Padua, Italy). 
 

Objective 2: Investigate the ability of yeast acid proteases to degrade wine proteins and 
to eliminate/reduce haze formation 
 Task 1: Assess the ability of selected yeast acid proteases to degrade wine proteins 
In order to study the MpAPr1 enzyme, the gene responsible was cloned into a commercial 
expression vector (pGAPZαA) which was further transformed into the heterologous host 
Komagataella pastoris. Acid protease activity was confirmed in the culture supernatant using a 
milk clotting assay. After activity was confirmed optimal pH and temperature conditions for 
protease activity was determined over a pH range of 3-8 and a temperature range of 10°C to 
70°C. Once optimal pH and temperature parameters were established activity was assessed in 
the presence of various metal ions present in wine. Furthermore, sugar and ethanol 
concentrations commonly occurring during the course of grape juice fermentation were also 
tested. Finally kinetic parameters (Km, Vmax and Ki) were determined and compared to that of 
other commercially available acid proteases.  
In order to facilitate with purification experiments using immobilised metal affinity 
chromatography (IMAC, a technique commonly practised for the purification of heterologous 
proteins) of the enzyme a hexa-histidine tag was added to the terminal of the protein. 
Nevertheless, after several attempts and optimisation steps (use of different buffers, larger 
columns and sample volumes, columns charged with different metal ions) purification of the 
enzyme via this procedure was deemed unsuccessful. After careful consideration a less specific 
method, namely cation ion exchange chromatography was investigated and after several 
optimisation steps (buffer optimisation, use of different systems, implementing larger columns) 
the enzyme could be purified to satisfaction. Once successful purification of the enzyme could 
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finally be achieved its ability to degrade grape proteins in a buffered medium will be investigated 
and by visualising the protein degradation using SDS-PAGE and 2D SDS-PAGE. HPLC was 
also performed to monitor the degradation of haze-forming grape proteins. Combining heat 
treatment prior to enzyme addition was also investigated. Grape proteins in a buffered medium 
was subjected to 72°C for 1 min using a Thermal cycler before the addition of the protease. 
MpAPr1’s ability to degrade yeast proteins was also investigated. 
 Task 2: Assess the ability of selected yeast acid proteases to reduce haze formation 
Pure MpAPr1 was added to white grape juice and the ability to reduce haze was investigated 
after incubation of 48 h at 25°C using the heat stability test.. Proteins were visualised and 
identified before and after the treatments by means of SDS-PAGE and HPLC analysis. 
Furthermore residual protease activity was also measured..  
 
Objective 3: Investigate the global impact of yeast acid proteases on wine composition 
and on other oenological parameters 
 Task 1: Assess the impact of acid protease treatment in grape juice on microbial 
population and on fermentation kinetics 
Once sufficient amounts of MpAPr1 could be purified by means of cation exchange 
chromatography, fermentation trials could commence. These were set up in such a way that it 
would grant MpAPr1 an advantage thereby allowing it time to perform protein degradation 
before inoculation with S. cerevisiae. Thus, after addition of MpAPr1 to grape juice, the samples 
were incubated for 48 h after which inoculation occurred. After inoculation, the samples were 
allowed to complete fermentation. Fermentation kinetics and yeast population dynamics were 
monitored until the end of fermentation via calculating CO2 production from weight loss and 
plating, respectively. Completion was verified via enzymatic analysis of the residual sugars. 
Controls included grape juice samples that were untreated with MpAPr1 in addition to un-
inoculated samples. The impact that MpAPr1 has on grape proteins was investigated via HPLC, 
PAGE (1D and 2D) and heat stability assays at 0 h and 48 h as well as after fermentation. 
Furthermore, the impact of MpAPr1 activity on the chemical composition of wine (with a specific 
emphasis on amino acids and fermentative aroma compounds) was assessed via GC-FID, 
HPLC and enzymatic analyses at the end of fermentation.  
 Task 2: Comprehensive metabolomic analysis of wine 
The chemical composition of the wine was determined at the end of alcoholic fermentation. The 
control consisted of wine with no protease treatment. Primary metabolites and other 
compounds/parameters to be tested include pH, sugars, ethanol, CO2, acetic acid, malic acid, 
glycerol, acetaldehyde and amino acids. The concentrations of major volatile compounds were 
determined by GC-FID.  
 
Objective 4: Investigate the impact of co-inoculation of an acid protease-producing yeast 
with S. cerevisiae on wine composition 
 
 
Co-inoculation of M. pulcherrima (i.e. the native producer of the protease-encoding gene) with 
S. cerevisiae will be tested as a potential alternative to direct enzyme addition. 

Task 1: Assess the expression of the protease-encoding gene of Metschnikowia 
pulcherrima strain IWBT Y1123 
A pure culture of M. pulcherrima will be inoculated in a growth medium containing different 
sources of nitrogen and the expression of the protease-encoding gene will be monitored over 
time by quantitative PCR at different time points throughout fermentation together with 
population dynamics and yeast assimilable nitrogen. The experiment will be repeated in 
synthetic grape juice. 

Task 2: Assess the expression of the protease-encoding gene throughout fermentation 
and its impact on haze-causing grape proteins 
M. pulcherrima strain IWBT Y1123, known as a strong protease producer will be co-inoculated 
with S. cerevisiae in synthetic grape juice spiked with grape proteins. The expression of the 
protease-encoding gene will be monitored using quantitative PCR at different time points 
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throughout fermentation together with population dynamics and yeast assimilable nitrogen. 
Different inoculation scenarios will be tested (co-inoculation vs sequential inoculation; different 
M. pulcherrima : S. cerevisiae cell density ratios) Extracellular protein content will also be 
visualised as described in Milestone 2 Task 1. 
 Task 3: Assess the impact of co-inoculation on wine composition 
A comprehensive metabolic profiling at the end of the fermentation will be performed. 
 

 
c)  RESULTS AND DISCUSSION 
State ALL accumulated results from the start of the project, including a short discussion where applicable. 

 
Objective 1: Obtain wine proteins of grape origin 
According to literature, the main grape proteins involved in haze formation in wine are the 
chitinases class IV (Vincenzi et al., 2005; Sauvage et al., 2010). An attempt to clone the 
grapevine gene ChiIVD was carried out. The gene was amplified by PCR and cloned without its 
secretion signal into the PCR cloning vector pGEM-T Easy. It was then successfully subcloned 
into pGAPZα A, a vector designed for the heterologous expression of proteins in Pichia pastoris 
strain X-33. Unfortunately, the transformation remained unsuccessful. We suspect that the 
chitinase somehow kills the host by degrading the chitin present in the yeast cell wall thereby 
preventing correct budding. No chitinase could be obtained through this method. 

Extraction of grapevine proteins after induction of pathogenic-related proteins using 
salicylic acid, including chitinases, was then attempted. Grape berry tissue culture was 
optimised with the help of Prof Vivier’s research team (IWBT – SU) and proteins could be 
extracted. However, after several trials, it seems that no specific proteins was overexpressed 
and the full set of proteins extracted did not represent the grape protein content of wine. It was 
therefore decided not to pursue this method of obtaining grape proteins. 
 

Researchers working on grape proteins abroad (especially Prof Andrea Curioni from the 
University of Padua, Italy) were contacted and agreed to send us samples of purified grape 
protein crude extract.  
 
Objective 2: Investigate the ability of yeast acid proteases to degrade wine proteins and 
to eliminate/reduce haze formation 
MpAPR1 was amplified by PCR and cloned into pGAPZα A, a vector designed for the 
heterologous expression of proteins in Pichia pastoris strain X-33. The vector was then 
successfully transformed into Komagataella pastoris for heterologous overexpression. 

The crude extract containing MpAPr1 clotted milk while no observable clotting could be 
observed in samples treated with the concentrated supernatant from untransformed K. pastoris 
X33. This result confirmed the presence and activity of MpAPr1 within the crude extract and 
was therefore used in downstream experiments to characterise its enzymatic properties. 
Protease activity within the concentrated supernatant was retained over a pH range of 3.0 to 5.0 
and between 10°C and 50°C. Optimal conditions for protease activity were found at 40°C and 
pH 4.5. Activity was mostly unaffected by the presence of metal ions with the exception of Cu2+ 
and Ni2+. Furthermore, proteolytic activity was retained in the presence of sugar and ethanol.  

The environmental conditions for MpAPr1 optimal expression in K. pastoris were 
investigated and found to be 20°C, at pH 6, after 72 h in the minimal expression medium 
recommended in literature for K. pastoris with minor modifications. 

A protocol for the purification of MpAPr1 was optimised through cation exchange 
chromatography. This protocol took much longer than expected to be optimised because the 
technique that was initially intended to be used (i.e. immobilised metal affinity chromatography) 
remained unsuccessful despite several attempts. 

The kinetic properties of pure MpAPr1 were determined using azocasein as a substrate 
and compared to those of a commercial aspartic protease. The results showed that MpAPr1 
had a lower affinity to azocasein but catalysed the hydrolysis at a similar rate. 
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Using the pure enzyme, MpAPr1 activity was tested against grape proteins that were 
purified by Dr Simone Vincenzi from the University of Padua, Italy and against yeast proteins. 
The activity was initially assessed under the optimal conditions for enzyme activity (i.e. at 40°C 
and pH 4.5) following flash pasteurisation or not. The results showed that, under optimal 
conditions, the enzyme is active against yeast proteins as well as grape chitinases that were 
fully degraded, even in the absence of heating prior to the addition of the enzyme. This result is 
very promising, since the enzymes described in literature generally require an initial 
denaturation of the target proteins through heating for the protease to effectively degrade these 
proteins. The experiment was then repeated under winemaking conditions (at 25°C and pH 3.5). 
Under these conditions, the enzyme retains approximately 80% activity at pH 3.5 and 65% 
activity at 25°C. As expected, the results showed that the same proteins (i.e. yeast proteins and 
grape chitinases) were degraded, although to a much lesser extent than under optimal 
conditions. The results also suggested that MpAPr1 is more stable under winemaking 
conditions (regarding pH and temperature) than under optimal activity conditions. 
 
Objective 3: Investigate the global impact of yeast acid proteases on wine composition 
and on other oenological parameters 
Sufficient amounts of MpAPr1 could be purified for use in grape juice/fermentation experiments. 
Sauvignon Blanc juice was treated with MpAPr1 prior to inoculation and its impact evaluated 
after 48 h after which inoculation occurred using S. cerevisiae VIN13. Partial degradation of 
proteins (especially chitinases) could be achieved and at the end of fermentation an increase in 
specific volatile compounds (propanol, butanol, propionic acid) could be detected, confirming 
that MpAPr1 degraded certain proteins at least partially. Nevertheless, protease activity was 
limited under grape juice fermentation conditions. Indeed the fermentation kinetics, haze 
potential and amino acid composition within the different samples were not significantly 
affected. Furthermore, using HPLC analysis it was found that specific chitinase and TLP 
proteins were also unaffected. Further optimisation would be required to attain a satisfactory 
level of activity. 
 
 
Objective 4: Investigate the impact of co-inoculation of an acid protease-producing yeast 
with S. cerevisiae on wine composition 
 
  
M. pulcherrima was firstly inoculated into minimal medium and provided with only haemoglobin 
(low pH compatible protein) as a nitrogen source. After 3 h of incubation at 25°C the protein was 
completely degraded and the presence of MpAPr1 was detected after 6 h (via SDS-PAGE 
visualisation) and its activity was shown to increase from 3h and to remain stable from 8h. The 
presence of easily assimilable sources of nitrogen (i.e. ammonium and amino acids) together 
with haemoglobin was shown to delay slighlty the secretion of the protease (increase in activity 
visible from 6h) but not to prevent it. 
 
M. pulcherrima was then inoculated into filtered Sauvignon blanc juice and incubated at 25°C 
for 48 h after which inoculation with a commercial strain of S. cerevisiae occurred. Fermentation 
kinetic were unaffected by the presence of M. pulcherrima and a significant decrease in haze 
formation could be observed after the 48 h incubation period. The presence and activity of 
MpAPr1 could also be confirmed during the 48 h incubation period, with the increase of activity 
starting after 3h and peaking at 24h. However, at the end of fermentation, all samples (including 
controls) were stable and no significant difference could be observed in haze formation. It is 
suspected that the introduction of oxygen during the filtration process and sampling procedures 
is having an impact on protein aggregation. 
 

d)  CONCLUSIONS  
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The MpAPr1 enzyme was successfully over expressed in K. pastoris and its properties 
characterised. These properties revealed that MpAPr1 would be active under winemaking 
conditions, although not optimally. Purification of MpAPr1 was also achieved and the activity of 
the enzyme was evaluated against grape proteins initially in a buffer and thereafter in actual 
grape juice. These experiments revealed that MpAPr1 is active against grape haze-forming 
proteins, but that, under winemaking conditions, this activity is limited. The release of specific 
fermentative aroma compounds confirmed activity in grape juice, showing promises in terms of 
potential application of MpAPr1 and acid proteases in general. Production of active MpAPr1 by 
the native host was also possible and its activity in grape juice confirmed. Certain optimisations 
are nevertheless required as indicated below. 
 
In future work, we suggest the following: 

- Establishing the optimal grape protein/MpAPr1 ratio 
- Determining the stability of MpAPr1 
- Identifying all the proteins degraded by MpAPr1 in grape juice in order to extent the 

scope of MpAPr1 application (i.e. not only to reduce haze but also to degrade other 
technologically relevant proteins) 

- Determining the amount of MpAPr1 produced by the native host in a sequential 
inoculation strategy  

- Determining the effect on sensory attributes of wine fermented in a sequential 
inoculation strategy 

- Repeating sequential inoculation experiments with limited introduction of oxygen 
- Testing acid proteases isolating from other non-Saccharomyces yeasts outside this 

project 
 
 

b. ACCUMULATED OUTPUTS  
List ALL the outputs from the start of the project.  The year of each output must also be indicated. 

 
a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 
Indicate the commercial potential of this project, e.g. Intellectual property rights or commercial product(s). 

 
This project allowed for the development of critically relevant technical skills in protein work (viz. 
protein expression in heterologous hosts, protein purification, enzymology, protein visualisation 
and identification) within our environment. It will allow to further study not only yeast acid 
proteases, but also all the wine proteins (especially yeast proteins) taken together and their 
impact on wine properties, including wine mouthfeel, protein haze and release of aroma 
precursors. 
 
 

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER 
Provide steps taken to ensure the transfer of the gained/new information/knowledge to ultimately benefit 
the South African fresh fruit industry. 

 
A popular article for publication in the Wineland magazine is currently in preparation. Moreover, 
a popular paper on “proteases in the wine industry: recent advances” could be presented at a 
workshop by the project leader or the PhD student (now post-doctoral fellow) who performed 
the experiments. 
 

c) HUMAN RESOURCES DEVELOPMENT/TRAINING 
Complete the following table, adding more lines if necessary. 
 

Student Name and 
Surname 

Student Nationality 
Degree (e.g. 
MSc Agric, 
MComm) 

Level of 
studies in 

final year of 
project 

Graduation 
date 

Total cost to 
industry 

throughout 
the project 
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Honours students   

Jana Meyer South African BSc BScHons Dec 2014 0 

Louisa Beukes South African BSc BScHons Dec 2016 0 

      

Masters Students   

Carla Snyman 
South African Honours MSc Planned for 

Dec 2018 
0 

      

      

PhD students   

Louwrens Theron South African MSc PhD Mar 2017 105,000 

      

      

Postdocs   

      

      

      

Support Personnel (not a requirement for HORTGRO Science) 

      

      

      

 
 
PERSONS PARTICIPATING IN THE PROJECT (Excluding students) 
 

Initials & 
Surname 

Highest 
Qualification 

Degree/ 
Diploma 

registered 
for 

Race 
(1) 

Gender 
(2) 

Institution & 
Department 

Position 
(3) 

Cost to 
Project 

R 

BT Divol DSc n/a W M IWBT - SU PL 0 

M Bely DSc n/a W F 
University of 
Bordeaux, France 

Coll 0 

C Stilwaney MSc n/a B F IWBT - SU TA 65,313 

        

        

        

        

        

 
(1)Race B = African, Coloured or Indian 
 W = White 
    
(2)Gender F = Female 
 M = Male 
    
(3)Position Co = Co-worker ( other researcher at your institution) 
 Coll = Collaborator ( participating researcher that does not receive funding for this project from industry) 
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 PF = Post-doctoral fellow 
 PL = Project leader 
 RA = Research assistant 
 TA = Technical assistant/ technician 

 
 
 

d) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIENTIFIC, SCIENTIFIC)  
Please list using the format illustrated in the example below. ATTACH PDF COPIES OF ANY PAPERS 
ALREADY PUBLISHED 

 
Theron LW and Divol B (2014) Microbial aspartic proteases: current and potential applications 
in industry. Applied Microbiology & Biotechnology 98, 8853–8868. 
 
Theron LW, Bely M and Divol B (2015) Enzymatic characterization of an oenological relevant 
protease isolated from Metschnikowia pulcherrima. Conference proceedings (short article) of 
the 10th International Symposium of Oenology at Bordeaux, June-July 2015. 
 
Theron LW, Bely M and Divol B (2016) Characterisation of the enzymatic properties of MpAPr1, 

an aspartic protease secreted by the wine yeast Metschnikowia pulcherrima. Journal of the 
Science of Food and Agriculture, doi: 10.1002/jsfa.8217 

 
Theron LW and Divol B (2017) Can yeast be used to prevent protein haze? Wynland 82 – 83 
 
Theron LW, Bely M and Divol B (2017) Pour un vin blanc sans bentonite: de nouvelles options 

contre la casse blanche. Revue des Oenologues – Alternative a la bentonite 
 
Theron LW, Bely M and Divol (2018) Monitoring the impact of an aspartic protease (MpAPr1 on 

grape proteins and wine properties. Applied Microbiology and Biotechnology 102, 5173 - 
5183  

 
e) PRESENTATIONS/PAPERS DELIVERED  
Please list using the format illustrated in the example below. 

 
Theron LW and Divol B (2014) Characterization of aspartic proteases from non-Saccharomyces 
yeasts to assess their oenological potential. Oral presentation at the 36th South African Society 
of Enology and Viticulture conference at Somerset West, November 2014. 
 
Theron LW, Bely M and Divol B (2015) Enzymatic characterization of an oenological relevant 
protease isolated from Metschnikowia pulcherrima. Oral presentation at the 10th International 
Symposium of Oenology at Bordeaux, June-July 2015. 
 
Theron LW, Bely M and Divol B (2016) Investigating an aspartic protease isolated from 
Metschnikowia pulcherrima and its potential application in wine. 25th International ICFMH 
Conference - FoodMicro 2016, Dublin, July 2016. 
 
Theron LW, Bely M and Divol B (2016) Investigating the potential application of MpAPr1, an 
aspartic protease isolated from Metschnikowia pulcherrima IWBT Y1123, for wine making 
purposes. Oral presentation at the 38th South African Society of Enology and Viticulture 
conference at Somerset West, August 2016. 
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c. BUDGET (PHI projects to complete separate Excel annexure) 
 

TOTAL COST SUMMARY OF THE PROJECT 

 

YEAR 
 

CFPA DFTS Deciduous SATI Winetech THRIP OTHER TOTAL 

2014 
 

    200,000   200,000 

2015 
 

    250,000   250,000 

2016 
 

    312,500   312,500 
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EVALUATION BY INDUSTRY 

 
This section is for office use only 
 

Project number 
 

  

Project name 
 

  

Name of Sub-Committee* 
 

 

Comments on project 

 

 

Committee’s recommendation (Review panel in the case of PHI) 

 

 Accepted. 
 
          
 

 Accepted provisionally if the sub-committee’s comments are also addressed.   
Resubmit this final report by___________________________________ 

 
 
 

 Unacceptable.  Must resubmit final report.       
 
 
Chairperson__________________________________________      Date___________________  
 
 

*SUB-COMMITTEES 
 
Winetech 

Viticulture: Cultivation; Soil Science; Plant Biotechnology; Plant Protection; Plant Improvement;  
Oenology:  Vinification Technology; Bottling, Packaging and Distribution; Environmental Impact; Brandy and Distilling; 
Microbiology 
 
Deciduous Fruit 

Technical Advisory Committees:  Post-Harvest; Crop Production; Crop Protection; Technology Transfer 
Peer Work Groups: Post-Harvest; Horticulture; Soil Science; Breeding and Evaluation; Pathology; Entomology 
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