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Abstract 

Cellobiose dehydrogenase from Clonostachys rosea 
- Production, purification and activity analysis  

Terese Larsson 

 

 
Biological control agents are a promising niche to replace chemical 
pesticides for treating plant pathogens in agriculture. A potential 
biocontrol agent is the microparasitic fungi Clonostachys rosea which 
has the ability to attack various plant pathogens such as other fungi 
and nematodes. One key feature in the interaction between mycoparasite 
and prey is degradation of the fungal cell wall where cell wall 
degrading enzymes are important. One cell wall degrading enzyme is 
cellobiose dehydrogenase of which it has been found a high number of 
genes for in C. rosea compared to other mycoparasites. The reason for 
these many cellobiose dehydrogenase genes being present in C. rosea is 
what this study aimed to find out. To do so, the different cellobiose 
dehydrogenase proteins 001, 002, 003 and 004 were successfully expressed 
in Pichia pastoris. The 003 protein had significantly higher expression 
levels and were further purified with size exclusion chromatography 
where some of the resulting purified protein was used to set up a 
crystallization screen. Unfortunately, no crystals have been formed so 
far. The enzymatic activity against lactose, cellobiose and 
laminaribiose of all produced cellobiose dehydrogenase proteins were 
also analyzed using a 2,6-dichloroindophenol activity assay. The 
proteins 001 and 002 showed a low activity against lactose and 
cellobiose whereas the other protein showed no activity for the tested 
conditions. That these proteins have developed variations in their 
activities may be one reason for why they are all still existing. 
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Populärvetenskaplig sammanfattning 

Visste du att jordbruket idag använder sig av kemiska bekämpningsmedel som skadar den 

omgivande miljön och de djur som lever där? Och att dessa behöver bytas ut så snart det går 

mot mer hållbara alternativ för att klara framtidens matförsörjning? Detta är kanske en del av 

miljödebatten som det inte pratas så mycket om, men också en del där det finns potentiella 

lösningar! En lovande lösning är att använda sig av biologiska bekämpningsmedel istället för 

kemiska. Jästsvampen Clonostachys rosea har potential som biologiskt bekämpningsmedel 

eftersom den kan attackera många vanligt förekommande skadedjur samt gynna växtens egen 

tillväxt och försvar. Därför är C. rosea och dess processer viktiga att undersöka, vilket har 

gjorts i denna studie. C. rosea använder sig nämligen av en molekyl som heter cellobios 

dehydrogenas för att attackera sina fiender. Syftet med denna studie har varit just att 

undersöka fyra av de olika cellobios dehydrogenas sorterna från C. rosea för att se skillnader 

och likheter mellan dessa. För att kunna göra detta behövde de först produceras av en annan 

jästsvamp, Pichia pastoris. Detta gjordes på två sätt, dels i skakande flaskor, dels i 

bioreaktorer vilket är en mer kontrollerad miljö där cellerna rörs runt lite som i en 

köksassistent. En av de producerade cellobios dehydrogenas-molekylerna renades senare fram 

via en filtreringsmetod där cellobios dehydrogenas separeras från annat i provet som 

jästcellerna tillverkar. Alla cellobios dehydrogenas-sorter jämfördes sedan med hjälp av att se 

hur de betedde sig i närheten av olika sockermolekyler för att få ledtrådar om vad de har för 

funktion när C. rosea attackerar sina fiender. Resultatet från undersökningarna visar att 

cellobios dehydrogenas molekylerna skiljer sig åt på vissa avseenden. Både med tanke på hur 

mycket av dem som var möjligt att producera men också med tanke på att de visade sig bete 

sig olika i närhet av de olika sockrena som testades. Troligen är deras olika beteenden en av 

anledningarna till att det finns flera sorters cellobios dehydrogenas i C. rosea. Däremot 

hittades inte det socker som är biologiskt relevant för något cellobios dehydrogenas, det vill 

säga vad det interagerar med ute i verkligheten. Därför skulle flera sorters socker samt andra 

förhållanden kunna testas. Även produktionsprocessen för de olika cellobios dehydrogenas 

molekylerna skulle kunna optimeras i framtida studier så att man kan få mer cellobios 

dehydrogenas att jobba med. 
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1 Introduction 

The aim of this study was to investigate the activity and structure of some of the cellobiose 

dehydrogenase (CDH) expressed by Clonostachys rosea. This in order to find differences 

between the different C. rosea CDH proteins and reasons for why they all have evolved.  

1.1 Clonostachys rosea 

The soilborne fungi C. rosea is a necrotrophic mycoparasite which means that it has parasitic 

interactions with a wide spectrum of other fungi and attacks by harsh methods like invasion 

and release of damaging compounds. Furthermore, it also has the ability to parasite on 

nematodes. These organisms comprise several plant pathogens which makes C. rosea suitable 

as a biocontrol agent (BCA). Another property that makes it suitable as a BCA is that it can 

colonize plant roots which often has beneficial effects on plant growth as well as plant 

defense (Karlsson et al. 2017). There is a need to exchange chemical pesticides used today, 

giving adverse effects on the environment, for more sustainable options such as BCAs. 

Therefore C. rosea, a good candidate as future BCA, is an important species to study (Jensen 

et al. 2007).   

The interaction between mycoparasite and prey is complex and happens through various 

stages. One key feature is considered to be degradation of the fungal cell wall which is needed 

for the necrotrophic mycoparasite to feed on the prey. Cell wall degrading enzymes, e.g. 

cellobiose dehydrogenase (CDH), are important in this process. These are released upon 

sensing of prey-specific substances, before the mycoparasite reaches its prey. Upon cell wall 

degradation, oligosaccharides and oligopeptides are created which induces further steps in the 

degradation (Karlsson et al. 2017).  

1.2 Cellobiose dehydrogenase  

CDH is a secreted enzyme which is produced by many fungi involved in plant cell wall 

degradation where it uses di-or polysaccharides as substrate. The C-terminal dehydrogenase 

domain of the enzyme interacts with the substrate so that its cofactor flavin-adenine 

dinucleotide (FAD) becomes reduced. Thereafter it shuttles the electron either directly to an 

electron acceptor or through its N-terminal cytochrome domain, restoring the cofactor to the 

oxidized starting point (Hallberg et al. 2002). The dehydrogenase- and cytochrome domains 

are connected through a flexible peptide linker, see figure 1. This makes it possible for CDH 

to form several conformations; a closed one where the electron transfer can happen and open 

conformations with different angles between the two domains (Tan et al. 2015). One has, 

through genetical studies, seen that there are some CDH proteins lacking the cytochrome 

domain. There are also CDH which has a C-terminal carbohydrate binding module (CBM) at 
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the dehydrogenase domain, which other CDH has not. These variations are distributed over 

four different genetic groups called CDH1, CDH2, CDH3 and CDH4. There are some CDH 

enzymes characterized from group CDH1 and CDH 2 though there are yet no studies 

published on CDH3 or CDH4 (Sützl et al. 2019).   

 

 
Figure 1. A schematic picture of the different possible parts of a CDH protein. All protein domains are marked 

in beige whereas the flavin co-factor has a purple color.     

2 Previous studies 

This study was done in collaboration with Dr. Lea Atanasova where the research of this study 

is part of one of her ongoing projects at the University of Natural Resources and Life 

Sciences, Vienna (BOKU). The project is focusing on the different CDH proteins present in 

the fungi C. rosea. She has found a high number of genes for CDH in C. rosea compared to 

other mycoparasites, though the reason for the high quantity is not yet discovered. C. rosea 

has specifically six genes coding for CDH proteins, from here on called 001-006, which have 

all shown to be expressed. When doing a phylogenetic analysis of the gene sequences from 

001-006 with the full available sequence space of CDH, it was found that 001 and 002 belong 

to the CDH2 clade. These have both a cytochrome domain, a dehydrogenase domain as well 

as a cellobiose binding module. It was also found that 003-006 belong to the CDH3 clade, of 

which 003 only consists of a dehydrogenase domain, whereas the rest also have a cytochrome 

domain. Moreover, 003-006 also have an extra C-terminal amino acid chain which function is 

unknown. Calculated molecular weight (MW) of the six CDH proteins from C. rosea as well 

as the theoretical pI can be seen in table 1. 
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Table 1. Molecular weight and theoretical pI of the six CDH proteins from C. rosea.  

Protein MW (kDa) pI 

001 88.6 4.6 

002 88.7 5.6 

003 58.1 5.9 

004 80.7 5.0 

005 84.1 5.5 

006 83.2 5.3 

 

3 Theory  

3.1 Cultivation in Pichia pastoris 

The expression system used in this study to express the C. rosea CDH genes was the yeast 

Pichia pastoris, an industrial important host organism for production of recombinant proteins. 

P. pastoris is classified as a “generally regarded as safe” (GRAS) microorganism and has a 

protein secretory system making it possible to secrete recombinant proteins. Thereby cell lysis 

is not needed to receive the produced proteins, which facilitates the purification procedure 

(Karbalaei et al. 2020). Other advantages include quick growth rate, relatively cheap 

cultivation media, its ability to perform post-translational modifications and ease to 

genetically modify (Yang & Zhang 2018). Methanol may be used as the sole carbon and 

energy source during cultivation of P. pastoris. The promoters responsible for regulation of 

the methanol metabolism is the alcohol oxidase (AOX) promoters, most often also used to 

regulate the expression level of the recombinant protein of interest. There are two AOX 

promoters present in the genome of P. pastoris called AOX1 and AOX2. These both have a 

tight regulation and are induced by the presence of methanol whereas glycerol, glucose and 

ethanol serve as repressors (Karbalaei et al. 2020). The AOX1 promoter gives a stronger 

expression than the AOX2 promoter. Therefore, if the AOX1 promoter is not working the 

yeast would grow slower on methanol since only the AOX2 promoter would regulate the 

methanol metabolism. This is utilized in some slow growing P. pastoris strains, for example 

KM71, were the AOX1 promoter is knocked-out. Though strains having both AOX promoters 

working, e.g. X-33, are also often used in protein expression (Yang & Zhang 2018). 

3.2 Purification 

There is no end to the number of strategies for purification of different biological molecules 

such as e.g. proteins. Depending on what properties the molecule of interest has and what 

impurities there are, different purification methods may be applied. Those used in this study 

are further described below.  
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3.2.1 Ion exchange chromatography 

Ion exchange chromatography (IEX) separates particles depending on their differences in 

charge and charge densities. There are 2 types of IEX: anion exchange chromatography and 

cation exchange chromatography, which were both used during this study. In anion exchange 

chromatography the matrix in the column contains positively charged functional groups 

which makes positively charged particles in the applied sample go straight through the 

column, eluting first. Further elution is then done by decrease of pH or increase of salt 

concentration where the loosely bound negatively charged particles elute first followed by 

more hardly bound particles.  In cation exchange the matrix in the column contains negatively 

charged functional groups and thereby works in the opposite way to anion exchange 

chromatography, still separating particles based on charge (Bhattacharyya & Rohrer 2012).  

3.2.2 Size exclusion chromatography 

The mildest of all chromatography methods is size exclusion chromatography (SEC). This 

method separates particles from one and another based on their size. The SEC column is 

packed with porous beads which are non-reactive and non-absorptive. Large molecules will 

not be able to come into the pores and will only pass through the surrounding volume, called 

void volume. Large molecules will therefore elute first, not going through any extra distance. 

Very small molecules, like salts, will however be able to pass through all pores which takes 

longer time and they will hence elute last. Thus, molecules with varying size will have 

different amount of access to the beads and the time it takes for them to go through the 

column, the retention time, will therefore differ. Thereby they will be separated from one 

other (Cytiva 2021).  

3.3 DCIP assay 

The 2,6-dichloroindophenol (DCIP) assay is often used as a standard assay to measure the 

activity of CDH. Here 2,6-dichloroindophenol is utilized as an electron acceptor to which 

CDH will shuttle its electrons. DCIP initially absorbs light at 520nm and has a purple color. 

Upon reduction, DCIP loses its color, see figure 2, and a decrease of absorption at 520nm can 

be seen. The decrease of absorption is spectrophotometrically measured and can then be 

converted to enzymatic activity. To be able to detect lower enzymatic activity in less pure 

samples, sodium fluoride can be added to the reaction mixture. The sodium fluoride inhibits 

activity of the enzyme laccase which is often produced by fungi simultaneously as CDH. 

Laccase may otherwise interfere with the assay by re-oxidizing DCIP resulting in lower 

detected enzymatic activity. However, addition of sodium fluoride will eliminate the laccase 

impact allowing the CDH activity to be measured unhindered (Baminger et al. 1999). 
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Figure 2. Cuvettes containing purple DCIP solution before the assay and clear solution after reduction of DCIP. 

3.4 Protein crystallization 

The main method to determine the secondary and tertiary structure of proteins is X-ray 

crystallography. The concept of X-ray crystallography is that a beam of X-rays is shot at a 

crystal made up of regularly packed proteins. This will result in a diffraction pattern from 

which the protein structure may be solved. Though to obtain the crystals is difficult and a rate 

limiting step in the method (Branden & Tooze 1991). There are different protein 

crystallization methods, but the vapor diffusion technique is the one most often used. In that 

case, a small volume of the sample is mixed with a similar volume of a crystallization 

solution which has very well-defined properties. The resulting droplet is then either placed 

beside a reservoir of the crystallization solution or placed up-side-down on a coverslip above 

it, which is called a sitting drop, or hanging drop setup respectively. In any case, vapor will 

diffuse from the droplet to the reservoir due to the difference in concentration between the 

two. If the right conditions are present the protein solution becomes supersaturated, a state 

where crystals can be formed. However, there are also other solid states than crystals which 

may be formed. These could for example be oils, gels or spherulites which are good starting 

points for optimization of the crystallization solution properties. The final goal is to get an 

interpretable diffraction pattern from a protein crystal by finding the appropriate 

crystallization solution properties. (Bergfors 1999). 
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4 Materials and methods 

All laboratory work was performed at the molecular sciences institution at the Swedish 

university of agricultural sciences. 

4.1 Cultivation 

4.1.1 Shake flask cultivation  

The cultivation procedure has been done in the same way for all shake flask cultures 

throughout the project. P. pastoris strains having the gene for Zeocin resistance and one of the 

different CDH constructs 001-006 were obtained as a gift from Lea Atanasova at the BOKU. 

These strains were re-streaked regularly on yeast peptone glucose (YPD) plates with 70µM 

Zeocin, see Appendix A. Two rounds of shake flask cultivation were made. In the first round, 

two cultures of respective strain 001#5, 003#5, 003#8 and 004 were started. In the second 

round on the other hand, a culture of 002#1 and the wildtype strain X33 were started as well 

as two cultures each of the strains 003#5 and 003#8. Here the # indicates different 

transformants of respective strain. It is worth mentioning that all strains are based on the wild 

type X33 except for 004 which is based on the slow growing KM71H strain. The following 

steps were made for all the strains cultivated in shake flasks. 

One colony was picked from the YPD plate and was inoculated in 200ml yeast peptone 

glycerol (YPG) media, see Appendix A. These cultures were grown in a 500ml un-baffled 

Erlenmeyer flask at 20˚C and shaking at 120rpm in an Ecotron shaker (INFORS HT, 

Bottmingen, Switzerland).  When the optical density measured at 600mn wavelength 

(OD600) reached circa 30 (24-33) absorbance units, a washing process to remove the 

remaining glycerol in the cultivation media was made. The culture was divided into five 50ml 

falcon tubes with 40ml culture liquid in each. The tubes were then centrifuged for 5 minutes 

at 3500xg and 4˚C in the Sorvall Lynx centrifuge (Thermo Fisher Scientific, Waltham, USA). 

The supernatant from all tubes were discarded whereas the pellets were dissolved in ice-cold 

154mM NaCl solution and transferred to one of the 50ml falcon tubes for a final volume of 

40ml. The tube now containing all 5 pellets was centrifuged for 5 minutes at 3500xg and 4˚C 

in the Sorvall Lynx centrifuge. The cells were then washed twice more by discarding the 

supernatant, dissolving the cell pellet in ice-cold 154mM NaCl solution and centrifuging for 5 

minutes at 3500xg and 4˚C in the Sorvall Lynx centrifuge. After washing away the glycerol, 

the cells were dissolved in yeast peptone (YP) media to a final volume of 40ml in which they 

were transferred to a 200ml un-baffled Erlenmeyer flask and incubated at 25˚C, and shaking 

at 120rpm in an Ecotron shaker. During the cultivation, a 1ml sample was taken once per day. 

These samples were centrifuged and the resulting pellet and supernatant were stored 

separately at -20˚C. The culture was also fed with 1ml methanol once per day in order to 

induce the expression of the protein of interest. Harvest of the culture was done by 

transferring it to a 50ml falcon tube and centrifuging it for 5 minutes at 6000xg in the Sorvall 
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ST8 centrifuge (Thermo Fisher Scientific, Waltham, USA). To remove any left-over cells, the 

supernatant was sterile filtered through a 0.2µm filter (Luer).  

4.1.2 Bioreactor cultivation 

A trial with cultivation in fermenters was done to obtain enough of the 003 protein for 

eventual crystallization. For pre-cultures, three colonies from the YPD plate with P. pastoris 

having the gene for C. rosea CDH 003#5 were inoculated in 200ml YPG media each. These 

were grown in 500ml un-baffled Erlenmeyer flasks at 20˚C and shaking at 120rpm in an 

Ecotron shaker. When OD600 reached 23, 25 and 25 absorbance units respectively, two 

400ml cultures were started from each of the three pre-cultures. This was done by inoculating 

40ml of each pre-culture in 360ml YPG media in an 1000ml un-baffled Erlenmeyer flask. The 

resulting six new cultures were incubated at 20˚C shaking at 120rpm in an Ecotron shaker. 

When the OD600 reached circa 24 (22-26) absorbance units, a washing process to remove the 

glycerol was made. It was done by taking three of the cultures and divide them equally in six 

250ml sterile plastic centrifuge bottles. These were centrifuged at 4000xg for 5min at +4°C in 

the Sorvall Lynx 6000 centrifuge and the supernatant was discarded. The remaining other 

three cultures were divided into the previously used 250ml sterile plastic centrifuge bottles. 

These were again centrifuged at 4000xg for 5min at +4°C in the Sorvall Lynx 6000 centrifuge 

and thereafter the supernatant was discarded. The pellets were then dissolved in ice-cold 

154mM NaCl solution and transferred to two of the 250ml sterile plastic centrifuge bottles for 

a final volume of circa 200ml cell suspension in each bottle. The two bottles now containing 

all cells from the pre-cultures were centrifuged for 5 minutes at 4000xg and 4˚C in the Sorvall 

Lynx 6000 centrifuge. The cells were then washed twice more by discarding the supernatant, 

dissolving cell pellet in ice-cold 154mM NaCl solution and centrifuging for 5 minutes at 

4000xg and +4˚C in the Sorvall Lynx 6000 centrifuge. After the removal of glycerol, the cells 

were dissolved in YP media in a total volume of 200ml. Equal amount of the dissolved cells 

were transferred into four syringes. Each syringe was thereafter used to inoculate the 50ml 

dissolved cells in 250ml YP media in the Multitron fermenter (INFORS HT, Bottmingen, 

Switzerland). The settings for the four fermenters can be seen in table 2. To avoid foam 

formation, 0.5ml of antifoam B emulsion (Sigma-Aldrich) was added to each of the four 

fermenters. The pH was regulated with 5M NaOH and 3M H3PO4 and kept at 4.5 and 5.5 in 

two fermenters each. Dissolved oxygen rate was regulated by change in stirrer speed whereas 

the gas flow was kept constant. The OD600 in the fermenters were measured to 40-52 

absorbance units at the first day of cultivation.  During the cultivation, a 1ml sample was 

taken once per day. These were centrifuged and the pellet and supernatant were stored 

separately at -20˚C. The culture was also fed with 2ml methanol three times per day.  
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Table 2. Settings used during cultivation in the Multitron fermenters (INFORS HT, Bottmingen, Switzerland). 

Property Setting 

Normal stirrer speed 600 rpm 

Maximum stirrer speed 800 rpm 

Minimum stirrer speed 200 rpm 

Dissolved oxygen rate 20% 

Gas flow 0.30 l/min 

Temperature 25˚C 

 

Harvest of the bioreactor cultivations was done by dividing each culture into two 250ml 

sterile plastic centrifuge bottles. These were then centrifuged at 6000xg and +4˚C in the 

Sorvall Lynx 4000 centrifuge. The supernatants were then filtered through a 0.7µm filter 

followed by a 0.45µm filter and lastly a 0.2µm filter.  

4.2 Buffer preparations 

The pH in all buffers was measured with a SevenCompact pH meter (MettlerToledo) for it to 

be adjusted. All buffers used for IEX were also sterile filtered through a 0.2µm filter and 

degassed using the sonication bath (Branson 2510) prior use.  

4.3 Sample concentration 

Before the first step of the protein purification, a sample concentration had to be performed. 

In order to concentrate the samples from the shake flask cultures, a Vivaspin20 concentration 

column was utilized. For the first batch of cultures, a 50kDa MW cut-off on the Vivaspin20 

columns were used whereas a 30kDa MW cut-off was used for the second round to reduce the 

risk of losing any of the target protein. The columns were pre-rinsed by adding circa 15ml 

deionized water and centrifuging at 5000xg in the Sorvall ST8 centrifuge. After pre-rinsing 

the column, circa 15ml of the sterile filtered supernatant was added to the column which was 

once again centrifuged at 5000xg until 5ml liquid was left in the column. The supernatant was 

added until eightfold concentration was reached, that is until 5ml was left out of the initial 

40ml culture volume. The flowthrough from the concentration procedure was collected in 

case any protein of interest would go through the filter. After this, a buffer exchange was done 

to 30mM NaAc pH 5, 150mM NaCl for the first round of cultures. For the second round, 

20mM NaAc pH 4.5, 50mM NaCl was used for the 003 samples and 20mM NaAc pH 4.5, 

5mM NaCl for the 002#1 and X33 samples since these were the buffers further used during 

the first purification step. The buffer exchange was done by adding 5ml of buffer to the 

Vivaspin20 column and thereafter centrifuging it at 5000xg down to a final volume of 5ml. 

This procedure was repeated 4 times in total. The resulting concentrated samples were 

transferred to 15ml falcon tubes and stored at +4°C. The 003#5 and 003#8 protein produced 

during culture round one was pooled after this step.  
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For the bioreactor cultivations, the volume of the cultivation broth was too large to use 

Vivaspin20 columns as a first concentration step. Instead, tangential flow concentration using 

a Vivaflow200 set-up was first performed. The system, connected to a 5kDa MW cut-off 

filter, was first washed with 200ml deionized water to remove the 20% ethanol it was stored 

in. The samples from the two reactors run at pH 4.5 was pooled and concentrated to a final 

volume of circa 100ml. The flow was adjusted so that a stable pressure of 2 bar was achieved. 

The procedure was repeated for the reactors run at pH 5.5 but with the filter exchanged to one 

with a 30kDa MW cut-off. Filters were restored according to product description and stored 

in 20% ethanol. The samples were further concentrated using two Vivaspin20 columns with 

MW cut-off 5kDa to a final volume of circa 18ml. This was done in the same manner as 

described for the concentration of the shake flask cultures with the one difference that they 

were centrifuged at +4˚C in the Sorvall Lynx 4000 centrifuge. Furthermore, 100ml of the 

waste from the Vivaflow200 concentration of respective pooled cultivations were also 

concentrated to circa 8ml using two Vivaspin20 columns with 3kDa MW cut-off.  

Out of the 003#5 protein produced in the Multitron fermenters only 4ml from the protein 

produced at pH 4.5 was utilized for further studies. The residual protein sample was stored at 

-20˚C for future analysis.   

4.4 EndoH treatment 

To remove potential N-linked glycosylation of the target protein, the samples of 001#2, 

003#5, 003#8 and 004 were treated with the 29kDa enzyme endoglycosidase H (EndoH). 

Depending on sample volume, approximate concentration and incubation conditions, the 

amount of added 0.148mg/ml EndoH (Kind gift from DuPont) to respective sample was 

adjusted, see Appendix B.  

4.5 Protein purification 

4.5.1 Size exclusion chromatography 

The 003#5 and 003#8 protein from all batches were purified with SEC as the first, and for 

some of them also last, step. Since only a small sample can be loaded on the SEC column 

used in this experiment, the samples were further concentrated after the EndoH treatment. The 

first and second batch was concentrated using Vivaspin6 columns with 10kDa MW cut-off 

whereas the third batch from the bioreactor cultivation was concentrated using a Vivaspin2 

column with 5kDa MW cut-off. The columns were all centrifuged at 5000xg in the Sorvall 

ST8 centrifuge. The final volumes were 2ml for the first and third batch whereas if was 1ml 

of 003#5 plus 1ml of 003#8 for the second batch.  

The column used for all SEC purifications was a HiLoad™ 16/60 column packed with 

Superdex™ 200 resin (Cytiva, Uppsala, Sweden). The following method was the same for all 

SEC purification rounds. The inlet and pump to be used was first washed with deionized 
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water for 2 minutes with a flowrate of 10ml/minute. The column was thereafter washed with 

60ml deionized water at a flow rate of 0.5ml/minute before it was equilibrated with 140 ml 

running buffer at a flow rate of 0.7ml/minute. The running buffers used were 30mM NaAc pH 

5, 150mM NaCl for the first batch and 20mM NaAc pH 4.5, 50mM NaCl for the second and 

third batches. Thereafter the sample was loaded using a sample loop of the same size as the 

loaded sample volume. For the first batch, 500µl was loaded per run while 1ml sample was 

loaded for the other batches.  After sample application, 140ml of the running buffer was run at 

0.7ml/minute. Fractions of 1ml were collected after the 40ml void volume had passed through 

the column. Throughout the run, the wavelengths 280, 420 and 450 were measured. Re-set of 

the column was done over weekend by applying 150ml deionized water followed by 150ml 

20% ethanol at 0.2ml/minute. The fractions containing the peak corresponding to the protein 

of interest was pooled for respective run.  

4.5.2 Anion exchange chromatography 

The one sample purified using anion exchange chromatography was the 003 protein from the 

first round of cultivation. To prepare the pooled 003 protein from the SEC purification for the 

following anion exchange chromatography, the buffer must be changed. That is by increasing 

the pH in order to obtain a negatively charged protein which can bind to the resin as well as to 

decrease the conductivity by lowering the NaCl concentration.  The pooled 003 sample was 

therefore concentrated using two Vivaspin20 columns with 10kDa MW cut-off. These were 

centrifuged at 5000xg in the Sorvall ST8 centrifuge until a final volume of 5ml in each 

column was reached. The buffer exchange was then done by adding 10ml of 20mM HEPES 

pH 7, 5mM NaCl to the Vivaspin20 column and thereafter centrifuge it at 5000xg down to 

4ml final volume. This was done 3 times in total. When the sample was prepared the program 

seen in table 3 was used for the MonoQ column (Cytiva, Uppsala, Sweden) purification. The 

protein sample was pumped onto the column using a sample application tube. When almost 

all sample was applied to the column, the residual sample was diluted with 5ml 20mM 

HEPES pH 7, 5mM NaCl before applying that as well. The dilution and application procedure 

were repeated four times in order to not lose any sample. The fractions containing the peak 

corresponding to the protein of interest was pooled.  
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Table 3. Program used during anion exchange chromatography with MonoQ column where inlet, buffer used, 

column volumes (CV) and outlet for respective step is seen. The flow was set to 0.5ml/min throughout the whole 

run. The HEPES buffer had pH 7. Elution was, as can be seen, made using a NaCl gradient. 

Inlet Step Buffer CV Outlet 

A11 Equilibration 20mM HEPES, 5mM NaCl 10 Waste 

B1 Equilibration 20mM HEPES, 1M NaCl 10 Waste 

A11 Equilibration 20mM HEPES, 5mM NaCl 10 Waste 

A18 Sample application   F1 

A11 Wash 20mM HEPES, 5mM NaCl 23 F1 

B1 Gradient elution 20mM HEPES, 1M NaCl 10 F2 

B1 Wash 20mM HEPES, 1M NaCl 15 F2 

A18 Wash 3M NaCl 1 F3 

A18 Re-equilibration 20mM HEPES, 5mM NaCl 30 F3 

 

4.5.3 Cation exchange chromatography 

There were some trials done for purification with cation exchange chromatography of the 003 

protein from batch one as a third purification step, and of the 002#1 protein as a first 

purification step. The trials were done at different pH; 4, 4.5 and 5 for the 003 protein and 4 

and 5 for the 002#1 protein. For each trial, 2ml of the pooled 003 protein after anion exchange 

chromatography respectively 0.5ml of the 002#1 supernatant was used. To prepare these 

samples for the cation exchange chromatography a buffer exchange was done to respective 

buffer system used in the purification. The buffers used were 20mM NaAc pH 4, 5mM NaCl; 

20mM NaAc pH 4.5, 5mM NaCl and 20mM NaAc pH 5, 5mM NaCl for the different pH 

values which was tried. All buffer exchanges were done using a Vivaspin2 column with 

10kDa MW cut-off which was centrifuged at 5000xg in the Sorvall ST8 centrifuge. The 

sample was first spun down to 200µl. Thereafter 1ml of respective buffer was added and the 

resulting sample was again centrifuged until 200µl was left. This was repeated 3 times in 

total. The last time the final volume was reduced to 100µl. Since the 002#1 sample was less 

pure, it was also sterile filtered through a pre-rinsed 0.2µm VWR centrifugal filter by 

centrifuging at 13000xg for 30s before loading the sample on the column.  

When the samples had been prepared, the program seen in table 3 was used with the 

exception that the buffer of 20mM HEPES pH 7 was exchanged with a 20mM NaAc buffer 

with a pH of 4, 4.5 or 5 respectively. Sample application was done through a 100µl sample 

loop. The column used for the purification was a MonoS column (Cytiva, Uppsala, Sweden).   

4.6 SDS-PAGE  

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was performed to 

see if the target proteins were present after cultivation and EndoH treatment as well as to 

determine their purity after the purification steps. The loading dye used was done by mixing 1 

part of ẞ-mercaptoethanol with 9 parts of 4x Laemmli sample buffer (Bio-rad, Hercules, US). 
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Thereafter, 5µl loading dye was added to 20µl sample if a 10-welled gel was used and 3µl 

loading dye to 10µl sample if a 15-welled gel was used. The samples were then boiled at 

+92˚C for 5 minutes and centrifuged quickly afterwards. Loading of samples, as well as the 

ladder Precision plus (Protein™ Unstained), was thereafter done on a Stain-Free™ precast gel 

with a 4-20% gradient (Mini-PROTEAN® TGX). Voltage applied during run was 180V for 40 

minutes. The gels were analyzed with the Gel Doc EZ imaging system (Bio-rad, Hercules, 

US) and thereafter further stained with QuickBlue protein stain (Lubio Science, Zürich, 

Schweiz).  

4.7 DCIP assay 

To get an idea of what substrate concentrations to use during the protein activity assays, a test 

with 5mM, 10mM and 30mM ẞ-lactose as substrate in the reaction mixture was done. This 

was made by adding 140µl 100mM NaAc pH 4.5 and 20µl 3M DCIP in 10% ethanol to three 

wells of a 96-welled plate. Then added 20µl of 50mM, 100mM or 300mM of the substrate ẞ-

lactose to one of the three wells each. Finally, 12nM CDH2 from Phanerochaete 

chrysosporium, which is known to be active on ẞ-lactose and cellobiose, was added to each 

well. Thereafter the absorbance at 520nm was measured every 30 seconds for 30 minutes 

using EON plate reader (BioTek, Vermont, US). 

The DCIP activity assay was performed on all four produced CDH proteins. The 003#5 and 

003#8 protein used was purified with SEC and came from the shake flask batch round two. 

To increase the concentration of these 003 proteins a bit after the SEC, the samples were 

added to two pre-rinsed Vivaspin20 columns with 10kDa MW cut-off and centrifuged at 

5000xg in the Sorvall ST8 centrifuge until a final volume of circa 2.3ml was reached. The 

final concentrations were measured in triplicates using a Nanodrop 1000 spectrophotometer 

resulting in the concentrations 2.7µM of 003#8 and 8.2µM of 003#5 when using a mass 

extinction coefficient of 1.26 (mg/ml)-1 cm-1.  

The conditions tested during the assay were pH 4 and pH 5 combined with the substrates ẞ-

lactose, laminaribiose and cellobiose where one condition was tested at a time. The 

experiment for respective condition was performed as follows. A 96-welled plate was pre-

heated in the EON plate reader to +30˚C. Meanwhile, a mixture of 200µl 50mM substrate 

solution, 200µl 3M DCIP in 10% ethanol and 1.4ml 50mM NaAc of pH 4 or 5 was made. 

180µl of the mixture was then added to eight wells of the pre-heated plate. Thereafter 20µl of 

only buffer, 12nM CDH2 from P. chrysosporium, 003#5 (8.2µM), 003#8 (2.7µM), and 

supernatant from harvest of X33, 001#5, 002#1 and 004 (unknown concentrations) was added 

to respective well. The measurement at 520nm was started directly after addition of the 

samples. The assay was performed using EON plate reader and run for 1 hour while 

measuring absorbance every 30 seconds. After the measurements, the plate was stored in the 

dark for 74 hours before a photo was taken to see any color change due to eventual low 

activity.  
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4.8 Crystallization 

A crystallization screen was made with the purified protein 003#5 produced in the Multitron 

fermenters. In order to get high enough protein concentration for initial crystallization 

attempts, the pooled fractions from the 003#5 SEC purification were concentrated using a 

Vivaspin6 column with 10kDa molecular weight cut-off. The column was centrifuged 5000xg 

in the Sorvall ST8 centrifuge. The final concentration was thereafter measured in triplicates 

using a Nanodrop 1000 spectrophotometer resulting in a protein concentration of 11.11mg/ml 

(0.19mM) for the 003#5 protein when using a mass extinction coefficient of 1.26 (mg/ml)-1 

cm-1.  The screen used for initial crystallization was Top96 with a sitting drop strategy. Each 

droplet contained 0.5µl precipitant and 0.5µl sample.  

5 Results 

5.1 Cultivation and EndoH treatment 

All strains were first cultivated in YPG media to repress production of the protein of interest 

and allow for the P. pastoris to grow unhindered. When the glycerol was washed away and 

cultivation was performed in YP media instead, samples were taken every day to see if and 

how much of the protein of interest was expressed over time. These collected samples were 

analyzed with SDS-PAGE where one example per strain can be seen in figure 3. Figure 3 also 

shows the cultivation history of the wild type strain X33 where, for comparison, only host cell 

proteins are expressed.  
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Figure 3. Protein production over time for all investigated strains A. 001#5 B. 002#1 C. 003#5 D. 003#8 E. 004 

and F. X33 wild type. The lane containing conc. sample is the protein after concentration and buffer exchange 

with the Vivaspin20 column. Arrow indicates expected size of the proteins before EndoH treatment. 

The produced 001#5 and 004 protein were EndoH treated in order to clearer see whether any 

protein had been expressed. The protein bands should be clearer after EndoH treatment since 

the N-glycosylations, removed by EndoH, otherwise interacts with the SDS-PAGE gel giving 

a blurry result in addition to a band corresponding to a larger MW than the expected size of 

the protein. The SDS-PAGE gel run on these samples can be seen in figure 4. Samples of the 

003 protein was also EndoH treated prior to crystallization attempts since N-glycosylations 

otherwise causes inhomogeneity making crystal formation less likely. EndoH treatment for 

one of the batches of the 003#5 and 003#8 protein can also be seen in figure 4. 
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Figure 4. EndoH treated samples A. 001#5 and 004 B. 003#5 and 003#8. Arrow indicates expected size of the 

proteins. 

In figure 5, the EndoH cleavage results can be seen for the 003#5 protein produced in the 

bioreactor. The EndoH treatment was here made on a small part of the samples before the 

concentration of the protein was complete to make sure that a sufficient amount of protein had 

been produced by P. pastoris during the cultivation. Based on absorbance measurements, 

appendix C, the 003#5 produced at pH 4.5 was diluted 1:3 and the 003#5 produced at pH 5.5 

was diluted 1:2 before being loaded on the gel. The SDS-PAGE gel in figure 5 also shows 

two lanes with flowthrough (FT) from the concentration procedure. The FT should not 

contain any or very little amount of protein if the concentration works properly.   

 
Figure 5. EndoH treated samples from the bioreactor cultivations. FT is the flowthrough from the Vivaflow200 

system. The three lanes closest to the ladder are from cultivation at pH 4.5 whereas the other three are from pH 

5.5. The arrow indicates expected size of the protein. 
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5.2 Purification 

A first step of SEC purification was done for all purifications of the 003 protein. The resulting 

chromatogram for these SEC runs showed a very similar shape where one of them is shown in 

figure 6a. All of the peaks in the chromatogram were run on an SDS-PAGE gel, the result of 

which can be seen in appendix D. Fractions containing the one peak with the non-aggregated 

003 protein was further analyzed in more detail using SDS-PAGE. The resulting gel can be 

seen in figure 6b.    

 
Figure 6. SEC results from the second batch of 003#8. A. chromatogram with arrow indicating the peak 

analyzed in B. where the peak is distributed in six fractions labeled 1-6. Arrow indicates expected size of the 

protein.  

The 003#5 protein produced in the first shake flask cultivation batch was run on an anion 

exchange chromatography column as a second step after the SEC purification. The resulting 

chromatogram from this run can be seen in figure 7a where two very tight, non-separated 

peaks are present. Figure 7b shows the SDS-PAGE gel with fractions of the peaks from the 

chromatogram. The gel shows a lot of bands which are further explained in the discussion.   

 
Figure 7. MonoQ results from the first batch of 003. A. shows the resulting chromatogram with numbers 

indicating the fractions analyzed in B and the percentage of 20mM HEPES pH 7, 1M NaCl (=%B) added. B. 

shows the peaks analyzed on SDS-PAGE. Arrow indicates expected size of the protein.  
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Both the 003#5 protein from the MonoQ step as well as 002#1 supernatant was, in different 

rounds, loaded on a cation exchange chromatography MonoS column. The pH in the buffers 

used was varied throughout the different rounds in order to find one where the protein would 

bind sufficiently hard to the column so that it would elute somewhere in the middle of the 

gradient elution step. For the 003#5 protein pH 4, 4.5 and 5 were tried whereas pH 4 and 5 

were used for the 002#1 protein. The resulting chromatogram from MonoS of 003#5 using pH 

4.5 is seen in figure 8a with an SDS-PAGE gel of fractions from the chromatogram in figure 

8b. The chromatogram from MonoS of 002#1 using pH 4 is seen in figure 9.  

 
Figure 8. MonoS results from the first batch of 003. A. shows the resulting chromatogram and the percentage of 

20mM NaAc pH 4.5, 1M NaCl (=%B) added. B. shows the peaks analyzed on SDS-PAGE. Arrow indicates 

expected size of the protein. 

 

 
Figure 9. Resulting chromatogram from MonoS of 002#1 at pH 4. Also shown is the percentage of 20mM NaAc 

pH 4, 1M NaCl (=%B) added.  
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5.3 DCIP assay 

The activity screen using a DCIP assay was performed on all produced CDH proteins 001#5, 

002#1, 003#5, 003#8 and 004. An assay where the protein sample was exchanged for buffer 

was also made as a negative control whereas a CDH2 from P. chrysosporium was used as 

positive control for the substrates lactose and cellobiose. The third substrate tested was 

laminaribiose and the activity for all three substrates was analyzed at pH 4 and pH 5. The 

measured absorbance at 520nm over time for the different substrate, pH and CDH is 

summarized in figure 10. The 96-welled plate used for analysis was further saved for circa 74 

hours. A photo of the plate thereafter can be seen in figure 11. Here wells lacking a purple 

color contains a CDH active for the corresponding substrate and pH.  

 
Figure 10. Graphs showing the change in absorbance at 520nm over 1 hour time. The values at the Y-axis goes 

from 0-1.4 AU for lactose and cellobiose and 1-1.4 AU for laminaribiose.  

 

Figure 11. Photo of the 96-welled plate where the DCIP assay was performed after 74 hours incubation. 
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5.4 Crystallization 

The crystallization experiments were visually observed several times, but no crystals have 

been seen so far. Though precipitation and phase separation, i.e. spherulites, can be found in 

some of the crystallization drops for some of the tested conditions.  

6 Discussion 

In this study, four CDH proteins from C. rosea have been investigated with the overall aim to 

see how they differ and how they resemble each other biochemically and structurally. This 

and other things that have come up during the process of the project will be discussed in this 

section.  

6.1 Cultivation 

Cultivation in shake flasks was done for the CDH expressing P. pastoris strains 001#5, 

002#1, 003#5, 003#8, 004 and the wild type strain X33. When looking at the SDS-PAGE gels 

of cultivation history in figure 3, it is easy to see if a strong protein expression is present. That 

is since the X33 strain will only produce host cell proteins which makes it clear if a strong 

new band would appear for the other strains. That is why a clear expression of both 003 

clones can be seen in figure 3C and 3D. The protein here corresponds to the bands right under 

the 75kDa mark since the band is not present in the cultivation history of the X33 strain 

shown in figure 3F. It is also clear that the expression is higher of the 003#5 than 003#8 clone 

because the intensity of those protein bands is much stronger in comparison. Therefore the 

003#5 strain was chosen for production in the Multitron fermenters (INFORS HT, 

Bottmingen, Switzerland). Another strain that also produces a protein not present in the X33 

strain is 002#1 which gives a band at 100kDa MW, see figure 3B. It is harder to see whether 

the residual strains 001#5 and 004 produces any protein of interest. It is especially hard to see 

for the 004 strain which is based on a P. pastoris KM71H strain that may not have the same 

host cell proteins as the X33 strain. Therefore, the KM71H strain should be cultured and 

induced in the future for reference.  

Whether the 001#5 and 004 proteins are produced or not can however be seen in figure 4A. If 

the lanes with un-treated samples are compared with the EndoH treated ones, the blurry 

region at circa 120 kDa becomes weaker upon EndoH treatment. When comparing one may 

also see the very weak bands that becomes present after EndoH treatment at circa 80 kDa, 

which is the expected size of both the 001#5 and 004 protein. The reason for the reduced size 

is that the N-glycosylations have been cleaved of by the EndoH enzyme which physically 

makes the proteins smaller. In addition, the N-glycosylation may also interact with the gel, 

causing the blurriness. The effect of the EndoH treatment can also be seen in figure 4B where 
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the result of treating the 003#5 and 003#8 strains are shown. Here the foggy bands at barely 

75 kDa are disappearing whereas a sharper band at the expected protein size of 58kDa are 

appearing when the samples are EndoH treated. These results thereby indicate that all strains 

are expressing their respective protein of interest, but in different amount.  

The 003#5 protein produced in the bioreactors were also EndoH treated. Before the 

concentration of those samples was finished, a trial where a smaller amount of the samples 

were EndoH treated was done. This to see how much protein was present and how much more 

the samples needed to be concentrated prior to use in future experiments. The result of the 

EndoH trial is shown in figure 5. There it can be seen that there is a lot of the protein of 

interest present in the concentrated samples, especially since the samples were diluted before 

being loaded to the gel. There is also no protein in the FT fractions which is good since then 

no, or very low, amount of the protein has been washed away at the concentration step. It also 

seems that there is a slightly higher amount of 003#5 produced in the bioreactor run at pH 5.5 

compared to pH 4.5. This does not however necessarily mean that pH 5.5 is a better condition 

for production. It was observed during the end of the bioreactor cultivations that the dissolved 

oxygen rate was very low in the bioreactors with pH 4.5. A reason for that may be that the P. 

pastoris thrived better there, using up the available oxygen quicker than in the bioreactors at 

pH 5.5. This would also mean that the available nitrogen would be used up more quickly, 

forcing the cells to start to degrade the proteins to get energy. So, since the cells thrived more 

at pH 4.5 that may be a better condition for target protein production. To use pH 4.5 more 

oxygen and nitrogen must be added, for example by elaborating with gas flow and stirrer 

speed as well as using ammonium hydroxide as base instead of sodium hydroxide. This would 

increase the amount of nitrogen present in the cultivation broth. Another thing that could be 

optimized is the feed of methanol. Every time methanol was added, the dissolved oxygen rate 

decreased drastically and it took circa three hours until it was back to normal again. A more 

constant feed of methanol would probably put less stress on the cells which may also affect 

the protein production. Worth noticing is also that there are two very close protein bands in 

the gel at the expected protein size of 58kDa, see figure 5 and 4B. There is less of a double 

band in the pH 4.5 cultivations which also indicates that it may be a better option for 

production. Why that is so will be further discussed in the purification section below.    

6.2 Purification 

A first purification step of SEC was done for all batches of the 003 protein. The resulting 

chromatogram, which looked very similar for all rounds, can be seen in figure 6A. There the 

absorbance signal measured at 420nm wavelength is also shown. That is the wavelength 

where the flavin co-factor, present in the 003 protein, would give a signal. The protein of 

interest was eluted from the column after 80ml, one of the peaks giving a flavin signal, which 

is expected for a protein of size 58kDa (Cytiva 2010). There was also a signal for flavin in the 

large peak eluted right after the protein of interest. Though, as can be seen in appendix D, 

there were no protein present in that peak. A theory is that some flavin may be more loosely 
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bound to the protein so that it is released during the purification process. Still, the purified 003 

protein has the flavin bound to it since that peak also gives an absorbance at 420nm. The 

presence of the 003 protein was further confirmed when the corresponding peak was run on a 

SDS-PAGE gel, figure 6B. Figure 6B also shows that the two bands at 58kDa that could be 

seen after the EndoH treatment of the protein are eluted in the same fraction since one of them 

is only slightly smaller than the other. For that reason, a purification strategy based on another 

property than size was done for the first batch of the 003 protein. 

The first purification strategy that was tried in order to separate the two very tight bands was 

anion exchange chromatography. Though, when looking at the chromatogram in figure 7A, 

there are two peaks eluting very close to one another. The SDS-PAGE gel run on the two 

peaks shows several things. The first is that the two bands are still eluted together, meaning 

that they must have a very similar pI causing them to bind with the same strength to the 

MonoQ column. The second thing is the presence of a lot of bands in the eluted fractions 

which especially can be seen in lane 4 of the gel in figure 7B. This type of pattern is typical if 

there is proteolytic activity in the sample. The bands are eluted in the same fraction from the 

chromatography since they are held together by disulfide bonds and intermolecular 

interactions. In the treatment made before SDS-PAGE to linearize the protein, those 

interactions are broken and the different protein fragments are separated which is what is seen 

on the gel. The proteases most probably became active upon the increase of pH that was made 

to prepare the sample for the anion exchange chromatography. Therefore, it is recommended 

to avoid high pH in future experiments.  

One way to avoid high pH would be to run cation exchange chromatography instead of anion 

exchange chromatography, which was also done. Three pH conditions were tested of which 

pH 4.5 showed the most promising results. This can be seen in figure 8 where there is only 

one peak present which, according to the SDS-PAGE gel, contains only one of the two 

previously tight bands. Thereby pH 4.5 seems to work as a method to separate those. 

Although where the other band had gone cannot be seen in the chromatogram since no other 

peak is present. The flowthrough from this chromatography run was also concentrated and 

analyzed using SDS-PAGE (results not shown) to see whether the other band was in that 

fraction, but it was not. To conclude these observations, the probability of two proteins to be 

that similar in size and that close in pI is very low. Also, since only one of the two protein 

bands was found after the MonoS run, it is very likely that the two bands actually both 

corresponds to the 003 protein. Their size difference is circa 20 amino acids which is the 

approximate length of a signal peptide. An explanation could therefore be that the 003 

proteins N-terminus is processed a bit differently in the cell and thereby two forms of the 

protein is produced during the cultivation. To control that the two protein bands on the SDS-

PAGE gel both actually corresponds to differently processed 003 protein, mass spectrometry 

of the two may be made. Thereby the amino acid sequence of the N-terminus could be 

obtained which would reveal if there is the signal peptide that differs between the two 

proteins. The reason for one band disappearing after the MonoS step is not that the bands 
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were separated, since then the other band would also be seen on an SDS-PAGE gel and in the 

chromatogram. A theory is that the proteases cleaved of the short amino acid sequence that 

differed between the two bands, leaving one band as the result. The two bands were, for these 

reasons, seen as the same protein. Therefore, SEC was used as the only purification step for 

the other produced batches of 003. In addition to this, the bioreactor cultivations resulted in 

less of the double bands when carried out at pH 4.5 compared to pH 5.5. The use of pH 4.5 

may therefore be more optimal to obtain a properly processed 003 protein.  

For the 002#1 protein, cation exchange chromatography was tried as a first purification step 

where runs at pH 4 and 5 were tested. As can be seen in figure 9, only small peak tendencies 

could be seen in the chromatogram which is not enough to know anything about what pH 

would suit the best for purification of 002#1. For future trials it would thereby be a good idea 

to concentrate the 002#1 sample more in order to load a higher amount of protein on the 

column so that clearer peaks can be seen.     

6.3 DCIP assay 

During the DCIP assay the activity against three substrates was tested. For lactose and 

cellobiose a positive control in the form of CDH2 from P. chrysosporium was utilized. When 

looking at that a clear activity can be seen as a steep decrease of the absorbance at 520nm, see 

figure 10. The negative control, on the other hand, has a quite constant absorbance value since 

no activity is present. For the substrate laminaribiose all results look similar to that of the 

negative control. That means none of the tested enzymes are active against laminaribiose. 

This can also be seen in figure 11 where the violet color is present in all wells for 

laminaribiose. Thereby no reduction of DCIP has happened and not even a low enzyme 

activity is present. For laminaribiose the CDH2 from P. chrysosporium actually works as a 

negative control since it is known to not have any activity against laminaribiose, which is also 

shown in this study. There is also no measurable difference between the two pH conditions 

tested. The color of DCIP is dependent on pH which is why there is a darker color at pH 5 

than at pH 4. So that difference is, to make clear, not dependent on DCIP reduction due to 

enzyme activity. 

For the substrates lactose and cellobiose there is one enzyme standing out when looking at the 

graphs in figure 10. That is 002#1 which has a more decreasing trend than the other samples 

meaning that the 002#1 protein has activity against lactose and cellobiose. This also 

corresponds to the result in figure 11 where the liquid is clear for the wells of 002#1. In figure 

11 it can also be seen that the color has disappeared in the wells for 001#5. Therefore 001#5 

also has some activity against lactose and cellobiose. The fact that 001#5 shows a slower 

decrease of absorbance, that cannot be detected during the 1 hour measurement, may be due 

to that the 001#5 sample has a lower enzyme concentration compared to 002#1. This can be 

seen in figure 3 where it is barely possible to detect the band of 001#5 on the SDS-PAGE gel. 
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To be able to in the future compare the activity between the enzymes, similar concentrations 

as well as preferably pure enzymes must be used.  

The DCIP assay shows that the investigated CDH enzymes have different activity against the 

tested disaccharides. The 001#5 and 002#1 enzymes are both from the CDH group 2 which 

may be one reason why their activity differs from 004 and 003. Though, it can be discussed 

whether the shown activity is biologically relevant or not since it is so low. Therefore, other 

possible substrates such as for example chitobiose, a building block of chitin, could be tested 

in order to find the biologically relevant substrates. It is also possible to try other more basic 

pH to see if that would affect the enzymatic activity.  

6.4 Crystallization 

The precipitate present in some of the tested crystallization conditions means that something 

is happening there, which indicates that the 003#5 protein is less soluble in those 

environments. These conditions are a good start for optimization of the screen by changing 

one parameter at a time of those initial conditions. That could for example be ion strength or 

pH.  

7 Conclusions 

To conclude, all the investigated CDH proteins from C. rosea could successfully be expressed 

in P. pastoris. The 002#1 and especially the 003 protein gave higher expression levels than 

the 001#5 and 004 proteins but there are a lot of optimizations of the cultivation that can be 

done to increase the expression from those strains as well. Purification of the 003 protein 

works well with only one step of SEC as long as high pH conditions are avoided. Besides the 

differences in expression levels, the CDH proteins also have shown differences in their 

activity against lactose and cellobiose. That these proteins have developed variations in their 

activities may be one reason for that they are all still existing. In future experiments, the 

enzymatic activity against other substrates could be tested to find what is biologically 

relevant.  
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Appendix A – Cultivation media 

YPG media: 

• 1% Yeast extract (Bacto) 

• 2% Peptone (Bacto) 

• 2% Glycerol, 99.5% 

YP media: 

• 1% Yeast extract (Bacto) 

• 2% Peptone (Bacto) 

YPD plates: 

• 1% Yeast extract (Bacto) 

• 2% Peptone (Bacto) 

• 2% Glucose 

• 2% Agar  

Appendix B – EndoH 

Table 4. Conditions for all the EndoH treated samples. *The 003#5 and 003#8 that was cultivated during the 

first batch was pooled before the EndoH treatment.  

 

 

 

Protein Cultivation round Sample volume (ml) Approximate concentration Added EndoH (µl) Incubation time (h) Incubation temperature (˚C)

001#5 1 5 8x 30 24 22

003* 1 10 16x 100 24 22

003#5 2 3 25x 150 3 22

003#8 2 3 25x 150 3 22

003#5 3 4 30x 40 72 4

004 1 5 8x 30 24 22
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Appendix C – Absorbance measurement  

Table 5. Absorbance during concentration of samples produced in the Multitron fermenters (INFORS HT, 

Bottmingen, Switzerland). The showed absorbance is a mean of three measurements.   

 

Appendix D – SEC peak analysis 

Figure 12. SEC results from the second batch of 003#8. A. chromatogram with numbers indicating the fractions 

analyzed in B.  

 

Sample pH during production Absorbance

003#5 4.5 32.91

003#5 5.5 23.14

FT 4.5 34.19

FT 5.5 26.02


