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Abstract

Purification, activity assays and crystallization of�
'T#EL��!��A�SMALL�CELLULASE�ENZYME�FROM�THE�
BROWNROT�FUNGUS�'LOEOPHYLLUM�TRABEUM�
EXPRESSED�IN�!SPERGILLUS�NIDULANS

Louise Fitkin

Cellulose is the most abundant polymer on earth. It is one of the main 
components in lignocellulosic biomass, which has great potential as a 
renewable energy source. To utilize the biomass, for instance in 
biofuel production, cellulose needs to be degraded. In nature there 
are microorganisms that are specialized on such degradation, and they 
produce interesting cellulose hydrolysing enzymes. Understanding the 
function of these enzymes can hence be one step towards a more 
sustainable future. 

The aim of this project was to find out if the enzyme GtCel45A from 
Gloeophyllum trabeum could hydrolyse soluble oligosaccharides and 
produce mono- or disaccharides as products. The study was executed by 
cultivating Aspergillus nidulans A773 recombinantly expressing 
GtCel45A followed by a purification process consisting of anion 
exchange chromatography and size exclusion chromatography. From 1.4 
liters of culture, grown for 8 days at 30°C, 9.9 mg of purified 
GtCel45A was obtained. Activity measurements using p-hydroxybenzoic 
acid hydrazide (PHBAH) reagent for reducing sugar showed that the 
enzyme is active against and does hydrolyse barley beta-glucan. 
However, no hydrolysis of cellohexaose, cellotetraose, cellotriose or 
cellobiose could be detected, even after 223 minutes of incubation 
with GtCel45A as shown by carbohydrate analysis with high performance 
anion exchange chromatography with pulsed amperiometric detection 
(HPAE-PAD). In addition, a number of crystallization trials were 
performed, which resulted in formation of crystals that could 
subsequently be used to solve the structure of the protein. 

Handledare: Laura Okmane
Ämnesgranskare: Annette Roos
Examinator: Johan Åqvist
ISSN: 1401-2138, UPTEC X21 023





 

 

Populärvetenskaplig sammanfattning 

Jorden är en vacker plats. En blågröna planet som är full av blåa hav och gröna växter. Det 
gröna består till mesta del av cellulosa, vilket är jordens mest vanliga organiska molekyl som 
bygger upp alla växter. Jorden är även en mörk plats. Problemen vi står inför är många så som 
hungersnöd, minskad biologisk mångfald och akuta klimatförändringar. Ett konkret exempel 
är den utsträckta användningen av fossila bränslen. I takt med en stadigt ökande global 
bränsleförbrukning ökar behovet av att hitta nya hållbara alternativ. 

Det finns en koppling mellan cellulosa och biobränslen. Cellulosa är nämligen en energikälla 
som kan omvandlas till just biobränsle. Denna process är komplicerad och kräver bland annat 
att cellulosa bryts ned. I naturen finns det organismer som naturligt gör precis det här, bryter 
ned cellulosa. De använder sig av olika proteiner som via kemiska reaktioner resulterar i en 
nedbrytning. Ett sådant protein kommer från svampen Gloeophyllum trabeum och kallas för 
GtCel45A. Det är detta enzym, enzymer är en viss typ av proteiner, som det här projektet har 
handlat om. Målet med projektet var att producera och ta fram enzymet och därefter studera 
om och hur det bryter ned olika sockermolekyler, vilket är vad cellulosa är uppbyggt av.  

Det första steget var att odla svampen Aspergillus nidulans som modifierats till att uttrycka 
det intressanta proteinet GtCel45A. Därefter påbörjades en resa mot att isolera proteinet. 
Svampar utsöndrar en mängd olika proteiner vilket gör att olika metoder behövs för att isolera 
en specifik komponent. Här valdes två så kallade kromatografiska metoder, 
jonbyteskromatografi och gelfiltrering. Jonbyteskromatografi är baserat på att proteiner har 
olika laddning. Ett protein kan vara positivt eller negativt laddat. Det här gör att det går att 
designa experiment så att proteinet man är intresserad av fastnar på en yta med motsatt 
laddning medan allting i provet som har samma laddning som ytan sorteras bort. Gelfiltrering 
kan enkelt liknas vid att sila någonting. En sil har hål med en bestämd storlek och allting som 
är större än hålen stannar kvar i silen medan allting som är mindre åker rakt igenom. Är det i 
en blandning bara en sak som är stor eller liten nog att stanna på en sida så har du möjlighet 
att isolera den. Samma princip, en sortering baserad på storlek, används i gelfiltrering. 
Slutligen undersöktes aktiviteten hos GtCel45A, vilket bland annat innebar att försöka se om 
enzymet kunde bryta ned olika sockermolekyler, och om det gick att skapa kristaller av 
proteinet. Ja, för proteiner kan faktiskt kristalliseras och bli till kristaller som sedan kan 
användas för att bestämma strukturen av ett protein. 

Resultaten från projektet visade att proteinet som renats fram inte kunde förstöra de 
undersökta sockermolekylerna. Däremot kunde det bryta ned en annan molekyl vilket 
påvisade att proteinet hade någon form av aktivitet. Utöver detta, bildades det även ett antal 
proteinkristaller som ska arbetas vidare med.    
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1 Introduction 

Cellulose is the most abundant biopolymer on earth. It is a linear homopolymer of β-1,4-
linked glucose residues and the major component of the plant cell wall (Igarashi et al. 2008). 
Plant cell walls are in addition to cellulose made up of hemicellulose and lignin (Carpita & 
McCann 2020). Together the three components create a structure that is referred to as 
lignocellulose. Lignocellulosic biomass is a renewable energy source that has great potential 
in biofuel production (Kang & Lee 2015). To produce biofuels from lignocellulosic biomass, 
degradation of the polymeric structures into fermentable sugars is essential. The degradation 
process has turned out to be difficult because of the resistant nature of lignocellulose. 
Developing a treatment procedure which includes an efficient degradation process is thereby 
of great interest.  

In nature, there are microorganisms that are specialized on degradation of plant biomass 
which produce, among other components, interesting cellulose-hydrolysing enzymes (Igarashi 
et al. 2008). Understanding the function of these enzymes opens the possibility for industrial 
utilization which in turn can contribute to the evolution of a more sustainable future.  

The primary aim of this master thesis was to investigate if the enzyme GtCel45A from the 
fungus Gloeophyllum trabeum can hydrolyse soluble oligosaccharides and produce mono- or 
disaccharides as products. In addition, crystallization trials were performed with the aim of 
enabling future structure determination of GtCel45A.  

2 Background 

Before diving into the experimental design and execution of this project a number of 
important known biological findings, technical methods and general concepts will be 
described.  

2.1 Brown-rot fungi 

Wood decay fungi are wood-degrading organisms that decomposes lignocellulosic material 
(Jung et al. 2018). There are two classes of wood decay fungi, brown-rot fungi and white-rot 
fungi. The main difference between the two is that white-rot fungi have the ability to 
completely degrade lignin, while brown-rot fungi only are capable of modifying lignin. In 
northern coniferous forests brown-rot fungi are the dominant decomposers of woody biomass 
(Umezawa et al. 2020). Their decomposition mechanism is a two-step process. First, an 
oxidative system opens the lignocellulose structure which then is followed by processing of 
an array of cellulose degrading enzymes. The enzyme studied during this project originates 
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from G. trabeum, which is a brow-rot fungus, and is an example of one such cellulose 
degrading enzyme.  

2.2 An important enzyme family – GH45 

Cellulose degradation is a complex process that requires cooperation of at least three classes 
of cellulases; endoglucagenases, cellobiohydrolases and "-glucosidases (Berto et al. 2019). 
The protein of interest, GtCel45A, is an endo- acting cellulase originating from the 
filamentous fungi G. trabeum. Endo- acting cellulases hydrolyses carbohydrates by cleaving 
"-1,4-glycosidic bonds of the polysaccharide chain (Berto et al. 2019). More specifically, the 
enzyme belongs to the glycoside hydrolase family 45 (GH45) which is a family of enzymes 
that for instance have been used in laundry detergent industries. Today the Carbohydrate-
Active enZYmes (CAZy) database has 468 proteins classified as GH45 enzymes 
(Carbohydrate-Active enZYmes Database 2021). Two common characteristics for the GH45 
family members family are that they are relatively small and have a broad substrate specificity 
(Igarashi et al. 2008). The GH45 enzymes are further divided into three subfamilies, A, B and 
C, where the division is based on protein sequence similarity (Berto et al. 2019). The enzyme 
of interest, GtCel45A, belongs to subfamily C.  

GH45 subfamily C is the most recently discovered subfamily (Igarashi et al. 2008). There is 
only one enzyme in this subfamily, an endoglucanase from Phanerochaete chrysosporium 
(PcCel45A), that has a crystal structure reported (Godoy et al. 2018) and the catalytic 
mechanism is not yet fully understood (Payne et al. 2015). However, it has been discovered 
that GH45 subfamily C enzymes are lacking a catalytic base residue which is considered to be 
important in the enzymatic activity of subfamily A and B members. This finding makes 
subfamily C enzymes particularly interesting to study further.  

2.3 Aspergillus nidulans as host organism 

The GtCel45A enzyme has, prior to this project, been recombinantly expressed by 
chromosomal integration of the gene in the filamentous fungus Aspergillus nidulans (Berto et 
al. 2019). A. nidulans is a filamentous fungus that has been used as a recombinant protein 
production platform for many years (Ntana et al. 2020). In general, filamentous fungi have a 
well-developed secretion system and are able to secrete a wide variety and large amounts of 
protein. This property comes with a number of benefits such as reduced complexity of the 
downstream process and a reduced risk of protein degradation (El-Enshasy 2007). In addition, 
they are considered as safe and cheap expression systems. The established utilization of 
different Aspergillus species in protein production has promoted the development of optimal 
cultivation conditions (Segato et al. 2012). For example, A. nidulans is most often incubated 
without shaking at 37°C (Damásio et al. 2012, Segato et al. 2012, Lima et al. 2016, Antal et 
al. 2020). 
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2.4 Protein purification 

Protein purification is an important procedure in the field of biotechnology and biochemistry 
(Walls et al. 2017). The general aim of protein purification is to isolate a specific type of 
protein from a complex biological sample. For functional and structural studies of a protein it 
is essential to first be able to remove all other biomolecules and contaminants. Within protein 
purification a large number of different techniques and methods have been developed to 
facilitate the road to a pure sample. Precipitation, centrifugation and chromatography are 
examples of strategies that can be included in protein purification processes. Two different 
chromatography techniques have been used during this project, anion exchange 
chromatography (AEC) and size exclusion chromatography (SEC).   

2.4.1 Ion exchange chromatography 
Ion exchange chromatography is a separation technique based on molecular surface charge 
(Bollag 1994). All proteins have a specific charge which depends on the pI of the protein in 
combination with the pH of the environment it is in. At a pH above the pI, a protein will be 
negatively charged and if the pH is below the pI, the protein will have a net positive charge.  

An ion exchange column is packed with spherical porous beads that have immobilized 
charged ligands attached to them (Jungbauer & Hahn 2009). The ligands can either be 
positively charged (anion exchanger) or negatively charged (cation exchanger). When a 
sample is applied to the column, molecules with opposite charge to the ligands on the beads 
will bind while uncharged molecules or molecules with similar charge will pass through. To 
elute the bound molecules a buffer with a high salt concentration can be applied (Cummins et 
al. 2017). The salt ions will interact strongly with the charged groups on the beads and 
outcompete the bound molecules which will be released. It is common to use a linear gradient 
for elution where the concentration of salt is gradually increased. Depending on the net charge 
of the bound molecules they will then be released at different salt concentrations, molecules 
with a low charge will elute first and highly charged molecules will elute later in the salt 
gradient.  

2.4.2 Size exclusion chromatography 
Size exclusion chromatography is a liquid chromatography principle where molecules are 
separated based on molecular size (Burgess 2018). A SEC column is packed with defined-size 
porous gel beads which results in molecules travelling along different paths when moving 
though the column and thereby eluting at different timepoints. Large molecules will elute 
first, since they are not able to enter the pores of the gel beads the path through the column 
will be reduced. Smaller molecules will be retained in the column because they diffuse into 
the pores and are hence eluted later.   



15 

 

2.5 Enzymatic activity 

Studies of enzymatic activity is of importance for understanding the function of a protein. 
There are several methods available for measuring the activity of an enzyme, all with the 
common goal of measuring the formation of a product and/or the disappearance of a substrate 
(Bisswanger 2014). During this project two different spectrophotometric assays have been 
utilized, a p-nitrophenyl beta-D-glucopyranoside (pNPG) assay and a p-hydroxybenzoic acid 
hydrazide (PHBAH) assay. In addition, an analysis including high performance anion 
exchange chromatography with pulsed amperiometric detection (HPAE-PAD) has been 
performed. 

2.5.1 The pNPG assay 
The pNPG assay is a colorimetric method that is based on using the pNPG molecule as a 
substrate in an enzymatic reaction. It is most commonly used to measure activity from beta-
glucosidases which will hydrolyse the molecule when they are incubated together with the 
substrate (Juers et al. 2012). The pNPG molecule will be split into D-galactose and p-
nitrophenol. The p-nitrophenol product gives a yellow colour and can be measured 
spectrophotometrically. High beta-glucosidase activity will result in more p-nitrophenol 
molecules present in the solution and hence an increase of the measured absorbance. 

2.5.2 The PHBAH assay 
The PHBAH assay is another colorimetric carbohydrate analysis method where PHBAH is 
used as the reagent (Lever 1973). PHBAH reacts with reducing carbohydrates in an alkaline 
solution resulting in formation of coloured products which can be measured 
spectrophotometrically. When applied as an enzymatic activity assay, the activity is measured 
through measurement of reaction products (Mühlmann et al. 2017). First, an enzyme cleaves 
the substrate present, a carbohydrate, into smaller components such as oligo- or 
monosaccharides. The cleavage results in formation of new reducing sugar ends which 
PHBAH will react with. High enzymatic activity leads to more reducing ends followed by an 
increase in measured absorbance. 

2.5.3 HPAE-PAD analysis 
HPAE-PAD is a high-resolution compound separation and detection system which can be 
applied in carbohydrate analysis (Rohrer 2020). Examples of compounds that can be 
determined by the system are monosaccharides, disaccharides and oligosaccharides. A major 
advantage with the HPAE-PAD method is that there is no need to chemically modify the 
analyte before running the analysis.  

Starting with the separation, the system requires high pH buffers (Rohrer et al. 2013). Most 
commonly, a pure sodium hydroxide buffer and/or a sodium acetate buffer with sodium 
hydroxide is used. The reason for the requirement of a high pH is that carbohydrates become 
anions first in alkaline environments. The basic conditions also entail the need for a stationary 
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phase that tolerates high pH. Columns are therefore packed with for example chemically 
treated polystyrene-divinylbenzene beads instead of frequently used silica-based particles.  

The detection principle, pulsed amperiometric detection (PAD), is based on an oxidation 
event at a gold working electrode (Cataldi et al. 2000). The surface of the gold electrode is 
able to catalyse the oxidation of polar compounds, including carbohydrates, in alkaline 
solutions. In amperiometric detection, a constant potential is applied to the gold working 
electrode and the resulting current is measured (Islam et al. 2019). When a reduction and 
oxidation reaction take place at the surface of the electrode, a measurable change in current is 
registered. One obstacle when analysing carbohydrates is that an accumulation of analyte and 
interfering reaction by-products occur when the applied potential is kept constant. Introducing 
a pulsed potential instead have been proven to avoid this problem. Hence, PAD enables a 
sensitive and reproducible carbohydrate detection. 

2.6 Protein crystallization 

Macromolecules, such as proteins, can be crystallized. Today, the three-dimensional structure 
determination of a protein requires high-quality crystals that can provide useful X-ray 
diffraction data which can reveal the atomic positions (McPherson 2017). Protein 
crystallization is a long process where many parameters influence the success. 

Protein crystals are a result of a phase transition phenomenon (Chayen & Saridakis 2008). 
The crystallization phase diagram (figure 1) illustrates the different states that a protein can 
and must reach to produce crystals. The two-dimensional diagram correlates two parameters 
at the time. Parameters that can be varied are for instance pH, temperature and additive 
concentration. There are two major states present in the diagram, undersaturation and 
supersaturation. Undersaturation is a state where the protein will not crystallize because the 
protein is completely dissolved. The supersaturation state is in turn divided into three different 
zones, protein precipitation, nucleation and a metastable zone. The goal is to enter the 
nucleation zone where crystal nucleus spontaneously forms, followed by a transition into the 
metastable zone where crystal growth takes place. 
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Figure 1. Crystallization phase diagram. Illustrated are the different phases a protein can enter during the 
crystallization process. Supersaturation is represented by the grey zones. 

Vapor diffusion is the most common method used for crystallization (McPherson 2017). A 
liquid reservoir, containing for example buffer and a polyethylene glycol (PEG) solution, is 
kept in a sealed compartment. The compartment also holds a droplet which is a mixture of a 
stock protein solution and the reservoir solution. The drop can either be placed hanging over 
the reservoir (hanging-drop) or resting beside the reservoir (sitting-drop). Over time, water 
will be drawn from the drop to the reservoir until an equilibrium is reached. This increases the 
protein concentration and precipitant concentration in the drop which hopefully results in a 
supersaturated drop where protein crystals can grow.  

3 Material and methods 

3.1 Bioinformatics 

Different online tools were used to predict useful GtCel45A properties and to investigate 
sequence similarity to the enzyme PcCel45A. The GenBank accession number, EPQ56593, 
associated with GtCel45A was retrieved from the paper written by Berto et al. (2019). For 
PcCel45A, the GenBank accession number BAG68300 presented in the Godoy et al. (2018) 
paper was used. The protein sequences were extracted from the Protein Database at the 
National Center for Biotechnology Information (NCBI). Moreover, a signal peptide was 
predicted for GtCel45A by using the online tool SignalP-5.0. To predict important protein 
parameters the full sequence and the sequence without the putative signal peptide were 
entered in Expasy ProtParam searches. A BLAST search including the full GtCel45A and 
PcCel45A sequence was performed.  
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3.2 The fungal strain 

A. nidulans, strain A773, was used for recombinant production of GtCel45A. The plasmid 
construction and the transformation into A. nidulans A773 was conducted by the authors of 
the paper “Functional characterization and comparative analysis of two heterologous 
endoglucanases from diverging subfamilies of glycosyl hydrolase family 45” and has been 
done according to the method described in the paper (Berto et al. 2019). Fungal spores of this 
strain were kindly provided for this project by Dr. Fernando Segato, University of Sao Paulo, 
Brazil.  

3.3 Re-plating of spores 

The fungal spores of the recombinant A. nidulans A773 strain had been growing on agar 
plates since March-April 2020 and were therefore re-plated. 500 mL of potato dextrose agar 
(PDA) (12g potato dextrose broth, 10 g agar powder and dH2O) was prepared, autoclaved and 
poured into 19 plates. Four plates were supplemented with pyridoxine by carefully adding 100 
µL of a 0.22 µm sterile filtered 0.2 mg/mL pyridoxine solution to each plate. Following, 
spores from one colony on an old plate were spread onto a new plate. The plating of spores 
was repeated for all the four pyridoxine supplemented agar plates.  

3.4 Glycerol stock preparation 

After nine days growth on the newly prepared PDA-plates, a glycerol stock was created. First 
a conidial suspension was prepared by scraping up two colonies from one agar plate and 
placing them in 800 µL water. Following, 200 µL of 85% glycerol was added to the conidial 
suspension and the mixture was vortexed for 10 seconds. The glycerol stock was placed in a -
80°C freezer. 

3.5 Cultivation of A. nidulans A773 for GtCel45A production 

During the project the A. nidulans A773 strain has been cultivated in three different batches. 
The first batch consisted of four separate 350 mL cultures, each prepared in a 1 L flask. A. 
nidulans A773 spores were taken from three colonies on one PDA plate (grown for 12 days) 
and placed in 1.5 mL water. Each culture was inoculated by adding 200 µL of the spore 
suspension to 350 mL of liquid minimal medium (MM) (70 mM NaNO3, 7 mM KCl, 6 mM 
KH2PO4, 6 mM K2HPO4, 4.3 mM MgSO4, 20 µM FeSO4x7H2O, 80 µM ZnSO4x7H2O) 
supplemented with pyridoxine (1 mg/L medium) and maltose (1.97%). All the four cultures 
were incubated at 37°C without shaking and harvested at different timepoints, after two days, 
three days, four days and seven days. The culture harvest was performed using a two-step 
filtration procedure. First, a 1 µm GF/B Whatman filtration was executed followed by a 0.45 
µm sterile vacuum filtration.  
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The second batch was made up of four 50 mL cultures prepared in 250 mL flasks. The 
inoculation was performed as described above for batch 1 but spores were taken from another 
PDA plate (grown for 37 days) and the minimal medium was supplemented with 3% maltose 
instead of 1.97% maltose. Two cultures were incubated at 25°C, one without shaking and one 
shaking at 120 revolutions per minute (rpm), and two cultures were incubated at 37°C, one 
without shaking and one shaking at 120 rpm. The temperature of the incubator set to 37°C 
and shaking at 120 rpm was accidentally turned off for 24 hours during the incubation period. 
All the cultures were cultivated for ten days after which the 37°C cultures were harvested 
while the 25°C cultures were merged and used for inoculation of new cultures. 

The third batch consisted again of four 350 mL cultures in 1 L flasks. The minimal medium 
had the same composition as described for batch 1 but was supplemented with 3% maltose. 
Regarding inoculation, two cultures were inoculated with spores from the two remaining PDA 
plates (grown for 48 days). This time 5 mL water was placed on each plate and a plastic loop 
was used to scrape the surface of the whole plate. Following, the solution was pipetted from 
the plate into the minimal medium in the culture flasks. The other two cultures were instead 
inoculated with 50 mL each of the previously described 25°C culture mixture. All the four 
cultures were incubated at 30°C and shaking at 75 rpm.  

3.6 Purification of GtCel45A 

A two-step purification process has been applied for purification of the enzyme GtCel45A, 
including an initial anion exchange chromatography step followed by a size exclusion 
chromatography step.  

3.6.1 Anion exchange chromatography 
A 300 mL DEAE Sepharose CL-6B column connected to an ÄKTA Explorer system was 
used for the anion exchange purification. First, the column was equilibrated with 2 column 
volumes (CV) of the loading buffer (50 mM sodium phosphate, pH 6.5). The concentrated 
sample was then applied to the column at a flow rate of 1 mL/min. Following, 100 mL of 
loading buffer was used to wash the column before starting the gradient elution. The elution 
was performed at a flow rate of 1 mL/min and was divided into three blocks. To begin with 
400 mL buffer was applied with a linear gradient reaching 50% elution buffer (50 mM 
sodium phosphate, 1M NaCl, pH 6.5). The second elution block started from 50% elution 
buffer reaching 100% elution buffer by applying 200 mL buffer. Finally, 200 mL elution 
buffer was applied. The eluate was collected in 3 – 3.5 mL fractions with a fraction collector.  

3.6.2 Size exclusion chromatography 
The SEC was conducted with a 120 mL Sephadex 75 HiLoad 16/600 column connected to an 
ÄKTA Explorer system. The column was first equilibrated with 1.5 CV of buffer (10 mM 
sodium acetate, pH 5). After equilibration the concentrated sample was loaded onto the 
column at a flow rate of 1 mL/min. The column was then washed with 30 mL buffer. Next, 
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elution was performed by applying 1 CV of buffer at a flow rate of 1 mL/min. The eluate was 
collected in 1.5 mL fractions using a fraction collector.  

3.7 Activity measurements of GtCel45A 

Three enzymatic activity assays were chosen to confirm the glycoside hydrolase activity in 
the protein samples. The methodology for each is presented below.  

3.7.1 pNPG assay 
A pNPG assay was chosen as a qualitative assay to look for possible sample impurities. A 
positive pNPG assay would indicate beta-glucosidase (BGL) activity, which would not be 
expected from a GH45 subfamily C enzyme, as is GtCel45A. Seven 100 µL reaction mixtures 
containing 0.1 M sodium acetate pH 5, 0.5 mM pNPG and an enzyme solution were incubated 
for 20 minutes at room temperature. Three different GtCel45A enzyme concentrations (4.9 
µM, 1.5 µM and 0.38 µM) were examined. The enzyme beta-glucosidase from Aspergillus 
niger was used as a positive control. Four reaction mixtures with different BGL 
concentrations (1250, 625, 250 and 125 µg/mL) were examined. In addition, three blank 
samples (buffer and water) and three reaction mixtures containing buffer, water and pNPG 
were included. The assay was performed according to the following protocol: 

1. Create reaction mixtures (100 µL) in Eppendorf tubes. Add the enzyme last and mix 
well.  

2. Incubate samples for 20 minutes in room temperature. 
3. Add 100 µL 0.5 M Na2CO3 to each sample. Mix well immediately. 
4. Measure absorbance at 410 nm (or 400 nm). 

3.7.2 PHBAH assay 
The purified GtCel45A was incubated with barley beta-glucan to measure the activity of the 
protein through formation of reducing ends. The reaction mixtures contained 0.1 M sodium 
acetate pH 5, 1 mg/mL beta-glucan and an enzyme solution. Two different GtCel45A enzyme 
concentrations were examined, 1 µM and 0.1 µM. The same concentrations were used for the 
enzyme PcCel45A which was included as a positive control. In addition, reaction mixtures 
lacking the beta-glucan were prepared for each enzyme and concentration. Negative controls 
(enzyme excluded) and six glucose solutions (2 mM, 1 mM, 0.5 mM, 0.25 mM, 0.125 mM 
and 0.0625 mM) were also prepared. The assay was performed according to the following 
protocol: 

1. Create reaction mixtures (100 µL) in Eppendorf tubes. Add the enzyme last. 
2. Incubate samples for 0 min, 10 min, 30 min and 60 min in room temperature. 
3. Stop the reaction by adding 100 µL 1M NaOH to each sample. 
4. Place the samples on ice immediately after stop. 
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5. Add 200 µL PHBAH solution (0.1 M PHBAH, 0.2 M Na-K tartrate, 0.5 M NaOH) to 
each sample. 

6. Seal samples with parafilm. 
7. Incubate samples 15 min in 100°C. 
8. Cool on ice 10 min. 
9. Vortex samples. 
10. Transfer 150 µL sample to separate wells on a microtiter plate. 
11. Read absorption at 410 nm. 

3.7.3 Carbohydrate analysis with HPAE-PAD 
To further analyse the enzymatic activity and the product profile of GtCel45A, the enzyme 
was incubated with four different oligosaccharides: cellohexaose (C6), cellotetraose (C4), 
cellotriose (C3) and cellobiose (C2). All the reaction mixtures and other samples had a fixed 
volume of 1 mL. The GtCel45A reaction mixtures, one for each substrate, contained 0.1 M 
sodium acetate pH 5, 80 µM substrate and 0.1 µM enzyme. Two enzymes, PcCel45A and 
HiCel45A, were used as positive controls. Each positive control reaction mixture contained 
0.1 M sodium acetate pH 5, 80 µM C6 and 0.1 µM enzyme. Furthermore, one sample for each 
of the three enzymes with substrate excluded was prepared. In addition, different standard 
mixtures were included in the analysis, all mixed with 0.1 M sodium acetate pH 5. For each 
oligosaccharide, five standard samples with different oligosaccharide concentrations (80 µM, 
50 µM, 25 µM, 12 µM and 6 µM) were prepared. Five glucose standard solutions (160 µM, 
80 µM, 50 µM, 25 µM and 12 µM) and one standard mixture containing 50 µM glucose, 50 
µM C2, 50 µM C3, 50 µM C4 and 50 µM C6 were also put together. Lastly, one 0.1 M 
sodium acetate pH 5 sample and one water sample were included. All the prepared samples 
were incubated at 30°C for 223 minutes and analysed at the timepoints; 19 min, 87 min, 155 
min and 223 min. For the HPAE-PAD analysis a Dionex CarboPac PA200 column connected 
to a DIONEX ICS3000 system was used. The column was equilibrated with buffer (150 mM 
NaOH, 125 mM NaAc). Following, a three-step gradient elution was performed starting with 
150 mM NaOH / 50 mM NaAc to 150 mM NaOH / 125 mM NaAc in 20 minutes. Step two 
started from 150 mM NaOH / 125 mM NaAc reaching 150 mM NaOH / 250 mM NaAc in 15 
minutes. The third step was a continuous flow of 150 mM NaOH / 250 mM NaAc for 15 
minutes. The flow rate during the elution was set to 0.450 mL/min. 

3.8 General analysis 

The procedures for sample concentration, protein concentration determination and sodium 
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) analysis are described 
below. 

3.8.1 Sample concentration 
Before anion exchange purification, the samples have been concentrated using a VivaFlow 
200 crossflow cassette with a 5000 molecular weight cut-off (MWCO). VivaSpin 20 
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ultrafiltration units (5000 MWCO, 5000 xg) were used to concentrate the samples in between 
AEC and SEC. After SEC, the VivaSpin 6 ultrafiltration unit (5000 MWCO, 5000 xg) was 
used for sample concentration.  

3.8.2 NanoDrop measurements 
Throughout the project, sample protein concentration has been determined by measuring the 
absorbance at 280 nm using a NanoDrop spectrophotometer. Protein A280 is the NanoDrop 
application that has been utilized. For all measurements conducted before SEC, the default 
settings have been applied (including the general reference based on a 1 mg/mL protein 
solution producing an absorbance of 1.0 A at 280 nm, path length 10 mm). Protein 
concentration determinations performed after SEC have been done with the GtCel45A percent 
solution extinction coefficient (ε0.1%= 1.72 (mg/mL)-1cm-1) entered. Each sample has been 
measured in three replicates from which the mean value has been calculated. This value is the 
presented final concentration. 

3.8.3 SDS-PAGE analysis 
SDS-PAGE has been used to verify the presence of the protein in different stages of the 
project process. First, protein samples were prepared by mixing 15 µL sample with 5 µL 
Laemmli sample buffer (1:10 ratio of 2-mercaptoethanol in 4x Laemmli sample buffer). The 
samples were incubated at 95°C for 5 minutes. During incubation, the cassette was set up by 
placing a precast Mini Protean TGX Stain-free gel in the holder and filling the inner and outer 
buffer chambers with 1x SDS running buffer. After incubation, 4 µL of Precision Plus Protein 
Standards Unstained ladder and 10 µL of each protein sample was loaded onto the gel. The 
electrophoresis was run at 200V for 35 minutes.  

3.9 Crystallization trials 

Three different crystallization screens were set up, two matrix screens and one commercial 
JCSG+ screen. The protein stock solution used for all screens had a concentration of 14.12 
mg/mL. 

In the first matrix screen, the PEG concentration and the pH were varied. 15 hanging drops 
were set up where each drop consisted of 1 µL protein stock solution and 1 µL reservoir 
solution. For the reservoir solutions, 1M stock solutions of the following buffers were used; 
sodium acetate pH 4, sodium acetate pH 5, NaMES pH 6, BisTris pH 7 and TrisHCl pH8. The 
final buffer concentration in the 1 mL reservoirs was 0.1 M. In addition, a 40% PEG3350 
solution was used to obtain a final reservoir PEG3350 concentration of 10%, 20% and 30%. 
The screen layout can be found in table A1 in appendix A.  

The JCSG+ screen was conducted by preparing 96 sitting drops. Each drop included 1 µL 
protein stock solution and 1 µL reservoir solution. A specification of the conditions used in 
the JCSG+ screen is included in appendix A.  
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The second matrix was an optimization screen examining the same parameters as in the first 
matrix, but the hanging drops were 3 µL consisting of 1 µL protein stock solution, 1 µL 
reservoir solution and 1 µL metal stock solution. The 1 mL reservoirs, with a final 0.1 M 
buffer concentration, were prepared using 1M stock solutions of the following buffers: 
NaMES pH 6, BisTris pH 7, HEPES pH 7, HEPES pH 7.5 and TrisHCl pH 8. The same 
PEG3350 solution and concentrations as described above were applied for this matrix with 
one deviation, the wells including HEPES were set up with 10%, 12.5% and 15% as the final 
PEG3350 concentrations. Regarding the metal stock solution, two different solutions were 
used. For the wells containing HEPES buffer the metal solution was exchanged with the G5 
solution from the JCSG+ screen. The remaining wells were set up with a metal stock solution 
which consisted of MgCl2, NiCl2 and CoCl2, each with a final concentration of 6.7 mM. In 
table A2 in appendix A, the screen layout can be found.  

4 Results 

This section will include short descriptions of what has been done in the project and the most 
important results obtained. The project has consisted of one main laboratory part including 
cultivation, purification, enzymatic activity analysis and crystallization of the enzyme 
GtCel45A. Furthermore, one small theoretical bioinformatic part has been included. In figure 
2, an overview of the laboratory work is presented.  

 

Figure 2. Overview of the project. An illustration of how the laboratory part has been divided and executed. 
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4.1 Bioinformatics 

A small bioinformatic study was done to find different chemical parameters for GtCel45A. 
The SignalP-5.0 signal peptide prediction performed showed that the first 21 amino acids in 
the protein sequence, with likelihood 0.9889, form a signal peptide. To reveal useful chemical 
parameter for GtCel45A two ProtParam searches were done. The first search included the full 
protein sequence while the second was done using the sequence without the signal peptide. 
The resulting information was compiled and is presented in table 1. A BLAST alignment with 
GtCel45A and PcCel45A revealed a 76.70 % sequence identity between the two enzymes. 

Table 1. Compilation of GtCel45A properties. The predicted signal peptide is marked in bold in the protein 
sequence.  

Accession number EPQ56593 

Protein sequence MVRISSVLSAAVVSLASGVLALEERATGGYVQNPSGSASFT
MYSGCGSPACGETASGYTAAMNQLSFGAGPGAGAGDACGR
CFALTGTADPYSPSYTGPFHTIVVKVTDLCPVAGNQEWCGQT
TSNPNNQHGEPVHFDICEDTGGAGAFFPSGHGALTGTYREVS
CSQWSGSDGSPLWTGACLSGESAANWPSTACGNKGTAPS 
 

 Without signal peptide With signal peptide 

Molecular weight 18.4 kDa 20.4 kDa 

Number of  

amino acids 
183 204 

pI 4.5 4.7 
Percent solution 

extinction 

coefficient, ε0.1% 

(280 nm) 

1.72 (mg/mL)-1cm-1 1.55 (mg/mL)-1cm-1 

 

4.2 Re-plating of spores 

A. nidulans A773 spores were re-plated onto four PDA-plates supplemented with pyridoxine 
in preparation for inoculation of liquid cultures and for creating a glycerol stock. The spores 
grew well on all of the plates with many new colonies forming. Figure 3 shows the growth 
after nine days and after 37 days on two different plates.  
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Figure 3. Spore growth on PDA plates. (A) Nine days growth. The photo was taken after spores were taken for 
the glycerol stock hence the clear dark spots. (B) 37 days growth.  

4.3 Cultivation 

GtCel45A was successfully expressed in A. nidulans A773. The cultivation was performed in 
three different batches. In this section the results from each batch are presented. 

4.3.1 Batch 1 
The first cultivation, batch 1, was performed with the goal of producing enough protein for 
enzymatic analyses and crystallization trials. Four cultures were incubated at 37°C without 
shaking and were harvested after two days, three days, four days and seven days, respectively. 
The protein expression during this experiment was low, highest expression was detected after 
seven days. The gel from the SDS-PAGE analysis of samples taken from the different 
cultures is presented in figure 4. The cultures harvested after four days and after seven days 
were merged and concentrated to a total protein concentration of 0.81 mg/mL.   

 

Figure 4. Results from the SDS-PAGE analysis with samples from the first A. nidulans A773 cultivation 
(batch 1). The arrow indicates the predicted size of GtCel45A (18.4 kDa). The leftmost lane is loaded with a 
Precision Plus Protein Standards Unstained (PPP) ladder. The day 1 sample was taken from the culture harvested 
after two days. The remaining samples were taken from separate cultures.  
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4.3.2 Batch 2 
The second cultivation experiment, batch 2, investigated different cultivation conditions with 
the aim of increasing the protein expression. Four cultivation conditions were evaluated: 25°C 
static, 25°C shaking at 120 rpm, 37°C static and 35°C shaking at 120 rpm. One culture for 
each condition was set up. The results show that protein expression increased with time for all 
different conditions, see figure 5. Comparison of the two 25°C cultivations, implicates that 
more protein is produced in the shaking culture. An increased band intensity can be seen in 
figure 5B in relation to figure 5A. In the two 37°C cultures, production of a number of 
different proteins is revealed. The 37°C, static condition promotes expression of a small 
protein, even more expressed than the protein of interest, which can be seen in figure 5C. All 
the resulting gels that were run after completion of the cultivations are presented in figure 5.  

 

Figure 5. Results from the SDS-PAGE analysis with samples from the second A. nidulans A773 cultivation 
(batch 2). The arrows indicate the predicted size of GtCel45A (18.4 kDa). All the gels have a PPP ladder loaded 
in the leftmost lane. The number above each lane corresponds to the number of cultivation days. The cultivation 
conditions are as follows: (A) 25°C, static. (B) 25°C, 120 rpm. (C) 37°C, static. (D) 37°C, 120 rpm. 
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4.3.3 Batch 3 
The A. nidulans A773 strain was cultivated a third time, batch 3, to produce more GtCel45A 
protein. The third cultivation included four cultures kept under the same conditions, 30°C and 
shaking at 75 rpm. An SDS-PAGE analysis showed a similar protein expression profile for all 
four cultures with the strongest band present at around 18 – 19 kDa in all cultures. The SDS-
PAGE gel is presented in figure 6. All the cultures were merged into one sample.  

 

Figure 6. Results from the SDS-PAGE analysis with samples from the third A. nidulans A773 cultivation 
(batch 3). The arrow indicates the predicted size of GtCel45A (18.4 kDa). The leftmost lane is loaded with a 
PPP ladder. Lane notation: The first number indicates the culture number, and the second number indicates the 
number of cultivation days. For example, culture 1 cultivated for seven days is abbreviated as 1:7. 

4.4 Purification 

The full protein purification process, including an AEC method and a subsequent SEC 
method which are described in detail in the method and materials section, has been carried out 
twice during the project. In this section the results from the two rounds are presented.  

4.4.1 The first GtCel45A purification round 
After the first A. nidulans A773 cultivation, batch 1, the merged and concentrated sample was 
purified with AEC. Following, the interesting fractions from the AEC were pooled and 
concentrated to one sample which was further purified with SEC. In the end, the pure enzyme 
was used for a pNPG assay and the carbohydrate analysis but there was not enough enzyme 
for crystallization trials.  

The anion exchange purification resulted in a chromatogram with four peaks which can be 
seen in figure 7. An SDS-PAGE analysis revealed that two of the peaks included the protein 
of interest, see figure 7. Fractions D15-G13 and J4-M9 were pooled together and concentrated 
to a final volume of 2 mL and a total protein concentration of 2.40 mg/mL. 
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Figure 7. Results from the first anion exchange purification. Top: Chromatogram showing the absorbance 
curve (black), elution gradient (orange) and chosen fractions. Bottom: Two SDS-PAGE gels from analyses of 
chosen fraction collected during elution. The two arrows in the gels indicate the predicted size of GtCel45A 
(18.4 kDa). The leftmost lane in each gel is loaded with a PPP ladder. The number above each lane corresponds 
to the fraction number.  

The SEC performed with the concentrated sample from the anion exchange purification, 
resulted in a chromatogram with two main peaks, see figure 8. An SDS-PAGE analysis of 
chosen fractions showed that the wanted protein was present in the second peak, see figure 8. 
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Fractions C2-C8 were pooled and concentrated to a volume of around 2.5 mL with a final 
protein concentration of 0.14 mg/mL [ε0.1%= 1.72 (mg/mL)-1cm-1]. 

 

Figure 8. Results from the first size exclusion purification. Top: Chromatogram showing the absorbance 
curve and chosen fractions. Bottom: Two SDS-PAGE gels from analyses of chosen fraction collected during 
elution. The two arrows in the gels indicate the predicted size of GtCel45A (18.4 kDa). The leftmost lane in each 
gel is loaded with a PPP ladder. SM - The starting material loaded onto the column. FTSA – Flow through 
during sample application. The number above each lane corresponds to the fraction number. 

4.4.2 The second GtCel45A purification round 
The second purification round started after finishing the third A. nidulans A773 cultivation, 
batch 3. The merged and concentrated sample from the third cultivation was purified with 
AEC and SEC. After purification there was enough pure protein for a PHBAH analysis and 
crystallization trials.  

The anion exchange purification of batch 3 was successful. The putative GtCel45A was eluted 
coherently at one timepoint. The highest peak and the peak following in the resulting 
chromatogram, figure 9, corresponds to the protein of interest. The protein content of chosen 
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fractions from the purification, analyzed with SDS-PAGE, is shown in figure 9. Fractions 
F15-I12 were merged and concentrated to a volume of approximately 5 mL and a total protein 
concentration of 8.31 mg/mL. 

 

Figure 9. Results from the second anion exchange purification. Top: Chromatogram showing the absorbance 
curve (black), elution gradient (orange) and chosen fractions. Bottom: An SDS-PAGE gel from an analysis of 
chosen fraction collected during elution. The arrow in the gel indicates the predicted size of GtCel45A (18.4 
kDa). The leftmost lane is loaded with a PPP ladder. FTSA – Flow through during sample application. The 
number above each lane corresponds to the fraction number. 

The SEC following the AEC, in purification round two, resulted in a chromatogram which 
contained multiple peaks from which one was noticeably higher and sharper, indicating a 
comparatively much stronger signal. Several fractions from the elution were analysed with 
SDS-PAGE which revealed that the distinctive peak corresponded to the protein of interest. 
The SEC chromatogram and the SDS-PAGE result are presented in figure 10. Fractions B1-
C7 were pooled and concentrated to a volume of 700 µL and a total protein concentration of 
14.12 mg/mL [ε0.1%= 1.72 (mg/mL)-1cm-1]. 
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Figure 10. Results from the second size exclusion purification. Top: Chromatogram showing the absorbance 
curve and chosen fractions. Bottom: An SDS-PAGE gel from an analysis of chosen fraction collected during 
elution. The arrow in the gel indicates the predicted size of GtCel45A (18.4 kDa). The leftmost lane is loaded 
with a PPP ladder. The number above each lane corresponds to the fraction number. 

4.5 Enzymatic activity 

The enzymatic activity was evaluated by three different methods. Following, the results from 
the activity measurements are presented.  

4.5.1 pNPG assay 
Purified GtCel45A from the first purification round was used in the pNPG assay which was 
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assay no activity was detected. The different GtCel45A concentrations gave similar 
absorbance values. Table 2 shows the registered absorbance values for GtCel45A and the 
positive control, BGL, as reference. 

Table 2. Results from the pNPG assay. The absorbance was measured at 410 nm. BGL was used as a positive 
control.  

 GtCel45A BGL 

Concentration 

(µg/mL) 
7 28 91 125 250 625 1250 

Absorbance 0.040 0.041 0.043 0.13 0.20 0.44 0.84 

 

4.5.2 PHBAH assay 
A PHBAH assay was executed to reveal if the purified GtCel45A (sample from the second 
purification round utilized) could hydrolyse barley beta-glucan. The PHBAH assay showed 
that GtCel45A is active against barley beta-glucan. The absorbance increased over time which 
indicates enzyme activity. The same trend was observed for both examined enzyme 
concentrations. Table 3 includes an overview of the measured absorbance values and the 
calculated reducing end concentrations. 

Table 3. Results from the PHBAH assay. The absorbance was measured at 410 nm. Glucose standard curves 
were produced by measuring absorbance of the following glucose standard solutions (mM); 2, 1, 0.5, 0.25, 0.125 
and 0.0625. The 1 uM GtCel45A experiment and the 0.1 uM GtCel45A experiment resulted in the following 
standard curve equations, Abs = 1.4304 * conc + 0.1812 (R2 = 0.9944) and Abs = 1.4322 * conc + 0.1573 (R2 = 
0.9996). The absorbance value at timepoint 0 min have been subtracted from all the other absorbance values 
before converting into reducing end concentrations.  

 Absorbance Reducing end concentration (mM) 

0 min 10 min 30 min 60 min 0 min 10 min 30 min 60 min 

1 µM 

GtCel45A 
0.504 0.824 0.914 0.985 0 0.0970 0.160 0.210 

0.1 µM 

GtCel45A 
0.453 0.535 0.718 0.930 0 -0.0530 0.0752 0.223 

 

4.5.3 HPAE-PAD analysis 
Purified GtCel45A (sample from the first purification round utilized) was incubated with 
cellohexaose (C6), cellotetraose (C4), cellotriose (C3) and cellobiose (C2) to examine the 
enzymatic activity. The results from the cellooligosaccharide degradation analysis showed 
that GtCel45A did not have activity against either of the tested substrates. The substrate 
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concentration was constant between the first, 19 minutes, and last, 223 minutes, incubation 
time and no products were formed. A reference chromatogram and chromatograms for 
GtCel45A incubated with each of the tested substrates are presented in figure 11. The first 
peak in each sample is the flow through from sample application.  

 

Figure 11. Results from the HPAE-PAD analysis. nC – nanocoulomb. The first peak in (B)-(E) is an injection 
peak. (A) Standard mixture containing 50 µM glucose, 50 µM cellobiose, 50 µM cellotriose, 50 µM 
cellotetraose and 50 µM cellohexaose in 0.1 M sodium acetate pH 5. (B) GtCel45A (0.1 µM) incubated with 80 
µM cellobiose. (C) GtCel45A (0.1 µM) incubated with 80 µM cellotriose. (D) GtCel45A (0.1 µM) incubated 
with 80 µM cellotetraose. (E) GtCel45A (0.1 µM) incubated with 80 µM cellohexaose. 
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4.6 Crystallization 

Three crystallization screens were set up. The detailed description of the set up and execution 
can be found in the material and methods section. The GtCel45A enzyme solution used came 
from the second purification round. No crystals or precipitation were observed in the initial 
matrix screen. All the 15 drops were completely clear. The commercial JCSG+ screen 
resulted in a number of drops containing precipitation and one condition where crystals grew. 
Precipitation was observed in F8, F9, E9, C9, G11 and B11 (see appendix A for the specific 
conditions). Three crystals were formed in well G5, which contained a reservoir with 0.1M 
HEPES pH 7.5, 12% PEG3350 and 0.005 M of each of the salts CoCl2, CdCl2, MgCl2 and 
NiCl2. The second matrix screen, optimized around the JCSG+ G5 condition, resulted in 
crystal growth in three drops. The conditions resulting in crystal formation were similar to the 
one in the JCSG+ screen with 0.1M HEPES pH 7.5 and the same salts. In addition, the drops 
contained 10%, 12.5% and 15% PEG3350. Figure 12 shows images of the different crystals.  

Figure 12. Crystals formed during the crystallization process. (A) JCSG+ G5 condition, 0.1M HEPES pH 
7.5, CdCl2, CoCl2, MgCl2, NiCl2, 12% PEG3350. (B)(C)(D) Second matrix, 0.1M HEPES pH 7.5, CdCl2, CoCl2, 
MgCl2, NiCl2, PEG3350 10% / 12.5% / 15%. 

5 Discussion 

The first cultivation of A. nidulans A773, batch 1, was a reproduction of the method Berto et 
al. (2019) had used with minor modifications such as the utilization of flasks for cultivation. 
The cultivation was successful, but a noticeable difference was that it took almost seven days 
before a band corresponding to the predicted size of GtCel45A (18.4 kDa) was detected on 
the SDS-PAGE gel. Berto et al. (2019) presented results where the cultivation had taken two 
days. One possible reason for this deviation may be the amount of A. nidulans spores used for 
inoculation. The spores were taken from three colonies on one PDA plate when creating the 
spore suspension used for four 350 mL cultures. There is a great chance that this did not add 
up to the number of spores included in the inoculum used by Berto et al. (2019) (107-108 
spores / mL in a 500 mL culture). However, for the third cultivation, batch 3, all spores from 
one PDA plate were added to a 350 mL culture and there was still no pronounced expression 
after two days.  
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The batch 2 cultivation was an experiment aimed to see if altered cultivation conditions could 
increase protein expression. As presented, the 25°C and 120 rpm culture showed greatest 
expression (solely based on the intensity of the gel band by eye). These results were the 
foundation for the conditions chosen for the third cultivation, batch 3. The reason for 
modifying the conditions that gave best results, by increasing the temperature to 30°C and 
reducing the shake to 75 rpm, was an educated guess that higher temperature might yield 
higher expression levels. As mentioned in the introduction many previous studies where A. 
nidulans have been cultivated, 37°C static cultures are the most commonly used conditions. 
This knowledge, together with the results showing more intense bands for the shaking 
cultures, influenced the decision to slow down the shaking.  

Regarding the purification, the final purified samples included two proteins, the protein of 
interest and one smaller protein. This could be seen on the SDS-PAGE gels run after the size 
exclusion chromatography. We, my supervisor and I, reasoned that the protein under study 
was greatly overexpressed in the sample and therefore chose to move on with the smaller 
protein still present. In the future, a suggestion is to add an additional purification step after 
the size exclusion to try to separate the two.  

The activity measurement results showed that there was no beta glucosidase contamination in 
the purified GtCel45A sample, as the pNPG assay was negative, and that the soluble 
oligosaccharides could not be degraded. The only activity that was detected was in the 
PHBAH assay where activity was expected since beta-glucan hydrolysis previously had been 
reported, both for the enzyme in the Berto et al. (2019) paper and for PcCel45A (Igarashi et 
al. 2008). Berto et al. (2019) presented results indicating that GtCel45A could produce high 
amounts of glucose from a number of different soluble cellooligosaccharides. This finding 
was very interesting since GH45 subfamily C enzymes do not tend to show that kind of 
activity. The lack of glucose production by GtCel45A in my HPAE-PAD analysis hence does 
not agree with the just mentioned results. This was an interesting difference and possible 
reasons will be discussed further down in this section.   

Another interesting point to address is the fact that the purified GtCel45A protein presented in 
the Berto et al. (2019) study was estimated to have a molecular weight of 20 kDa. The SDS-
PAGE analyses done in this work showed expression of a protein with a molecular weight of 
around 18.5 kDa. This difference together with the deviating activity profiles, that as well in 
comparison to the study performed by Berto et al. (2019), opens up for a number of scenarios 
that could explain these findings.  

One first alternative is that it is two different proteins that have been expressed and purified. 
The enzyme in this project is perhaps not GtCel45A as expected. There could for example be 
something faulty with the recombinant spores which could inhibit GtCel45A production. In 
that case a possibility could be that the expressed protein is a similar native A. nidulans 
protein instead.  
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A second scenario is that it is the same protein, GtCel45A, but different variants of the 
enzyme. The noticeable difference in molecular weight coincides with the size difference 
between the protein with and without the signal peptide. As presented in the results section of 
this report, the predicted protein size without the signal peptide is 18.4 kD and 20.4 kDa with 
the signal peptide present. However, it is described in the paper written by Berto et al. (2019) 
that the signal peptide sequence was omitted in the final plasmid construction. This theory, 
that the expressed proteins are GtCel45A with and without the signal peptide, is therefore not 
very probable.  

There are three additional hypotheses. First, that the results from the performed carbohydrate 
analysis with HPAE-PAD are not accurate. Secondly, it could be that the overexpressed 
protein is inactive and that instead the small protein present in the purified sample is active 
and gives rise to the measured activity. Thirdly, one hypothesis is that it is GtCel45A 
expressed in my project but that the enzyme simply does not have a glucose producing 
hydrolytic activity towards the tested oligosaccharides. To unravel and understand the 
differences in the results obtained during this project and the results presented in the Berto et 
al. (2019) article, further analyses and experiments are needed. It would for instance be 
valuable to identify the primary structure of the enzyme expressed and purified here. A 
sample has been sent for peptide mapping, but the results have unfortunately not been 
obtained yet.  

The final laboratory part was crystallization trials which were successful since several crystals 
were formed. The size, the dense form and the light scattering under polarized light of the 
crystals indicate that they most probably are protein crystals and not for example salt crystals. 
A number of crystals have been sent for x-ray crystallography data collection and continuous 
work will be done by my supervisor aiming at solving the structure.  

As a final note to this discussion, I would like to highlight the statistical relevance of the 
produced activity measurement results. The measurements in the activity assays were not 
performed in triplicates (because of project priorities and time limitations) which normally is 
a requirement for a result to be statistically significant. Therefore, it is important to keep in 
mind that the results presented and discussed in this report are not statistically supported and 
hence it is hard to draw any conclusions. In future work, if these experiments are to be 
reproduced, it would be advisable to conduct a minimum of three replicates of each 
examination. 

6 Conclusion 

The primary aim of this project was to investigate if the enzyme GtCel45A could hydrolyse 
different soluble cellooligosaccharides. The experimental results did not show that type of 
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activity. Beyond that, this study of GtCel45A has provided interesting information, possible 
process improvements and material for continuous work.  

The cultivation of A. nidulans strain A773 with GtCel45A recombinantly expressed gave 
highest protein production when performed with the temperature set to between 25°C and 
30°C. In addition, slow shaking of the flasks seemed to result in a decreased amount of co-
expressed proteins. Regarding purification, the work done demonstrated that two subsequent 
purification steps was enough to produce a highly pure protein solution. However, an 
additional purification step is necessary if the protein is to be completely isolated. Moreover, 
the purified enzyme only showed activity against barley beta-glucan and the crystallization 
trials were successful with several crystals appearing. Hopefully the crystals will produce 
useful data which will lead to a structure determination of GtCel45A. That could contribute to 
the ongoing work of revealing the mechanism behind the activity of endoglucanases 
belonging to subfamily C. 
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Appendix A – Crystallization screens 

Table A1. Setup matrix 1. Presented are the conditions used in each well.  

 pH 4 
(NaAc) 

pH 5 
(NaAc) 

pH 6 
(NaMES) 

pH 7 
(BisTris) 

pH 8 
(TrisHCl) 

10% 
PEG3350 

100 µL 
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

100 µL  
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

100 µL  
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

100 µL  
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

100 µL  
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

20% 
PEG3350 

100 µL  
1M buffer 
400 µL 
dH2O 
500 µL 
40% PEG 

100 µL  
1M buffer 
400 µL 
dH2O 
500 µL 
40% PEG 

100 µL  
1M buffer 
400 µL 
dH2O 
500 µL 
40% PEG 

100 µL  
1M buffer 
400 µL 
dH2O 
500 µL 
40% PEG 

100 µL  
1M buffer 
400 µL 
dH2O 
500 µL 
40% PEG 

30% 
PEG3350 

100 µL  
1M buffer 
150 µL 
dH2O 
750 µL 
40% PEG 

100 µL  
1M buffer 
150 µL 
dH2O 
750 µL 
40% PEG 

100 µL  
1M buffer 
150 µL 
dH2O 
750 µL 
40% PEG 

100 µL  
1M buffer 
150 µL 
dH2O 
750 µL 
40% PEG 

100 µL  
1M buffer 
150 µL 
dH2O 
750 µL 
40% PEG 

 

Table A2. Setup matrix 2. Presented are the conditions used in each well.  

 pH 6 
(NaMES) 

pH 7 
(BisTris) 

pH 7 
(HEPES) 

pH 7.5 
(HEPES) 

pH 8 
(TrisHCl) 

10% 
PEG3350 

100 µL  
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

100 µL  
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

100 µL  
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

100 µL  
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

100 µL  
1M buffer 
650 µL 
dH2O 
250 µL 
40% PEG 

12.5 %  
or  
20% 
PEG3350 

100 µL  
1M buffer 
400 µL 
dH2O 
500 µL 
40% PEG 

100 µL  
1M buffer 
400 µL 
dH2O 
500 µL 
40% PEG 

100 µL  
1M buffer 
587 µL 
dH2O 
313 µL 
40% PEG 

100 µL  
1M buffer 
587 µL 
dH2O 
313 µL 
40% PEG 

100 µL  
1M buffer 
400 µL 
dH2O 
500 µL 
40% PEG 

15%  
or  
30% 
PEG3350 

100 µL  
1M buffer 
150 µL 
dH2O 
750 µL 
40% PEG 

100 µL  
1M buffer 
150 µL 
dH2O 
750 µL 
40% PEG 

100 µL  
1M buffer 
525 µL 
dH2O 
375 µL 
40% PEG 

100 µL  
1M buffer 
525 µL 
dH2O 
375 µL 
40% PEG 

100 µL  
1M buffer 
150 µL 
dH2O 
750 µL 
40% PEG 
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JCSG+ conditions 

 

T E C H N I C A L   S H E E T

Wizard JCSG+
(96 formulations; 1.7 mL each in a 96-well block plate)

MD15-JCSGP-B
Well Precipitation Reagent Buffer Salt Additive

A1 50% (v/v) PEG 400 100 mM Sodium acetate/ Acetic acid pH 4.5 200 mM Lithium sulfate

A2 20% (w/v) PEG 3000 100 mM Sodium citrate/ Citric acid pH 5.5

A3 20% (w/v) PEG 3350 200 mM Ammonium citrate dibasic

A4 30% (v/v) MPD 100 mM Sodium acetate/ Acetic acid pH 4.6 20 mM Calcium chloride

A5 20% (w/v) PEG 3350 200 mM Magnesium formate

A6 20% (w/v) PEG 1000 100 mM Sodium phosphate dibasic/ Citric acid pH 4.2 200 mM Lithium sulfate

A7 20% (w/v) PEG 8000 100 mM CHES/ Sodium hydroxide pH 9.5

A8 20% (w/v) PEG 3350 200 mM Ammonium formate

A9 20% (w/v) PEG 3350 200 mM Ammonium chloride

A10 20% (w/v) PEG 3350 200 mM Potassium formate

A11 50% (v/v) MPD 100 mM Tris base/ Hydrochloric acid pH 8.5 200 mM Ammonium phosphate monobasic

A12 20% (w/v) PEG 3350 200 mM Potassium nitrate

B1 800 mM Ammonium sulfate 100 mM Sodium citrate/ Citric acid pH 4.0

B2 20% (w/v) PEG 3350 200 mM Sodium thiocyanate

B3 20% (w/v) PEG 6000 100 mM Bicine/ Sodium hydroxide pH 9.0

B4 10% (w/v) PEG 8000 100 mM HEPES free acid/ Sodium hydroxide pH 7.5 8% (v/v) Ethylene glycol

B5 40% (v/v) MPD 100 mM Sodium cacodylate/ Hydrochloric acid pH 6.5 5% (w/v) PEG 8000

B6 40% (v/v) Reagent alcohol 100 mM Sodium phosphate dibasic/ Citric acid pH 4.2 5% (w/v) PEG 1000

B7 8% (w/v) PEG 4000 100 mM Sodium acetate/ Acetic acid pH 4.6

B8 10% (w/v) PEG 8000 100 mM Tris base/ Hydrochloric acid pH 7.0 200 mM Magnesium chloride

B9 20% (w/v) PEG 6000 100 mM Sodium citrate/ Citric acid pH 5.0

B10 50% (v/v) PEG 200 100 mM Sodium cacodylate/ Hydrochloric acid pH 6.5 200 mM Magnesium chloride

B11 1600 mM Sodium citrate tribasic

B12 20% (w/v) PEG 3350 200 mM Potassium citrate tribasic

C1 20% (w/v) PEG 8000 100 mM Sodium phosphate dibasic/ Citric acid pH 4.2 200 mM Sodium chloride

C2 20% (w/v) PEG 6000 100 mM Sodium citrate/ Citric acid pH 4.0 1000 mM Lithium chloride

C3 20% (w/v) PEG 3350 200 mM Ammonium nitrate

C4 10% (w/v) PEG 6000 100 mM HEPES free acid/ Sodium hydroxide pH 7.0

C5
800 mM Potassium phosphate monobasic 100 mM HEPES free acid/ Sodium hydroxide pH 7.5 800 mM Sodium phosphate monobasic

C6 40% (v/v) PEG 300 100 mM Sodium phosphate dibasic/ Citric acid pH 4.2

C7 10% (w/v) PEG 3000 100 mM Sodium acetate/ Acetic acid pH 4.5 200 mM Zinc acetate

C8 20% (v/v) Reagent alcohol 100 mM Tris base/ Hydrochloric acid pH 8.5

C9 25% (v/v) 1,2-Propanediol
100 mM Sodium phosphate dibasic/ Potassium phosphate 
monobasic pH 6.2 10% (v/v) Glycerol

C10 10% (w/v) PEG 20,000 100 mM Bicine/ Sodium hydroxide pH 9.0 2% (v/v) Dioxane

C11 2000 mM Ammonium sulfate 100 mM Sodium acetate/ Acetic acid pH 4.6

C12 10% (w/v) PEG 1000 10% (w/v) PEG 8000

D1 24% (w/v) PEG 1500 20% (v/v) Glycerol

D2 30% (v/v) PEG 400 100 mM HEPES free acid/ Sodium hydroxide pH 7.5 200 mM Magnesium chloride

D3 50% (v/v) PEG 200
100 mM Sodium phosphate dibasic/ Potassium phosphate 
monobasic pH 6.2 200 mM Sodium chloride

D4 30% (w/v) PEG 8000 100 mM Sodium acetate/ Acetic acid pH 4.5 200 mM Lithium sulfate

D5 70% (v/v) MPD 100 mM HEPES free acid/ Sodium hydroxide pH 7.5

D6 20% (w/v) PEG 8000 100 mM Tris base/ Hydrochloric acid pH 8.5 200 mM Magnesium chloride

D7 40% (v/v) PEG 400 100 mM Tris base/ Hydrochloric acid pH 8.5 200 mM Lithium sulfate

D8 40% (v/v) MPD 100 mM Tris base/ Hydrochloric acid pH 8.0

D9 25.5% (w/v) PEG 4000 170 mM Ammonium sulfate 15% (v/v) Glycerol

D10 40% (v/v) PEG 300 100 mM Sodium cacodylate/ Hydrochloric acid pH 6.5 200 mM Calcium acetate

D11 14% (v/v) 2-Propanol 70 mM Sodium acetate/ Acetic acid pH 4.6 140 mM Calcium chloride 30% (v/v) Glycerol

D12 20% (v/v) Glycerol 40 mM Potassium phosphate monobasic 16% (w/v) PEG 8000

7865 NE Day Road West, STE 109 y Bainbridge Island, WA USA 98110 y Main Office: 1-452-7060 y Fax: 1-206-452-7061
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T E C H N I C A L   S H E E T

Well Precipitation Reagent Buffer Salt Additive

E1 1000 mM Sodium citrate tribasic 100 mM Sodium cacodylate/ Hydrochloric acid pH 6.5

E2 2000 mM Ammonium sulfate 100 mM Sodium cacodylate/ Hydrochloric acid pH 6.5 200 mM Sodium chloride

E3 10% (v/v) 2-Propanol 100 mM HEPES free acid/ Sodium hydroxide pH 7.5 200 mM Sodium chloride

E4 1260 mM Ammonium sulfate 100 mM Tris base/ Hydrochloric acid pH 8.5 200 mM Lithium sufate

E5 40% (v/v) MPD 100 mM CAPS/ Sodium hydroxide pH 10.5

E6 20% (w/v) PEG 3000 100 mM Imidazole/ Hydrochloric acid pH 8.0 200 mM Zinc acetate

E7 10% (v/v) 2-Propanol 100 mM Sodium cacodylate/ Hydrochloric acid pH 6.5 200 mM Zinc acetate

E8 1000 mM Ammonium phosphate dibasic 100 mM Sodium acetate/ Acetic acid pH 4.5

E9 1600 mM Magnesium sulfate 100 mM MES/ Sodium hydroxide pH 6.5

E10 10% (w/v) PEG 6000 100 mM Bicine/ Sodium hydroxide pH 9.0

E11 14.4% (w/v) PEG 8000 80 mM Sodium cacodylate/ Hydrochloric acid pH 6.5 160 mM Calcium acetate 20% (v/v) Glycerol

E12 10% (w/v) PEG 8000 100 mM Imidazole/ Hydrochloric acid pH 8.0

F1 30% (v/v) Jeffamine M-600 pH 7.0 100 mM MES/ Sodium hydroxide pH 6.5 50 mM Cesium chloride

F2 3200 mM Ammonium sulfate 100 mM Sodium citrate/ Citric acid pH 5.0

F3 20% (v/v) MPD 100 mM Tris base/ Hydrochloric acid pH 8.0

F4 20% (v/v) Jeffamine M-600 pH 7.0 100 mM HEPES free acid/ Sodium hydroxide pH 7.5

F5 50% (v/v) Ethylene glycol 100 mM Tris base/ Hydrochloric acid pH 8.5 200 mM Magnesium chloride

F6 10% (v/v) MPD 100 mM Bicine/ Sodium hydroxide pH 9.0

F7 800 mM Succinic acid pH 7.0

F8 2100 mM Malic acid DL disodium salt pH 7.0

F9 2400 mM Sodium malonate dibasic pH 7.0

F10 1100 mM Sodium malonate dibasic pH 7.0 100 mM HEPES free acid/ Sodium hydroxide pH 7.0

0.5% (w/v) Jeffamine ED 2003 pH 
7.0

F11 1000 mM Succinic acid pH 7.0 100 mM HEPES free acid/ Sodium hydroxide pH 7.0 1% (w/v) PEG 2000 MME

F12 30% (v/v) Jeffamine M-600 pH 7.0 100 mM HEPES free acid/ Sodium hydroxide pH 7.0

G1 30% (w/v) Jeffamine ED 2003 pH 7.0 100 mM HEPES free acid/ Sodium hydroxide pH 7.0

G2
22% (w/v) Poly(acrylic acid sodium salt) 5100

100 mM HEPES free acid/ Sodium hydroxide pH 7.5 20 mM Magnesium chloride

G3 20% (w/v) Polyvinylpyrrolidone K15 100 mM Tris base/ Hydrochloric acid pH 8.5 10 mM Cobalt chloride

G4 20% (w/v) PEG 2000 MME 100 mM Tris base/ Hydrochloric acid pH 8.5 200 mM Trimethylamine N-oxide

G5 12% (w/v) PEG 3350 100 mM HEPES free acid/ Sodium hydroxide pH 7.5

5 mM Nickel chloride                                                
5 mM Cobalt chloride                                                  
5 mM Magnesium chloride                                     
5 mM Cadmium chloride

G6 20% (w/v) PEG 3350 200 mM Sodium malonate pH 7.0

G7 15% (w/v) PEG 3350 100 mM Succinic acid pH 7.0

G8 20% (w/v) PEG 3350
150 mM Malic acid DL sodium salt 
pH 7.0

G9 30% (w/v) PEG 2000 MME 100 mM Potassium thiocyanate

G10 30% (w/v) PEG 2000 MME 150 mM Potassium bromide

G11 2000 mM Ammonium sulfate 100 mM Bis-Tris/ Hydrochloric acid pH 5.5

G12 3000 mM Sodium chloride 100 mM Bis-Tris/ Hydrochloric acid pH 5.5

H1 300 mM Magnesium formate 100 mM Bis-Tris/ Hydrochloric acid pH 5.5

H2 1000 mM Ammonium sulfate 100 mM Bis-Tris/ Hydrochloric acid pH 5.5 1% (w/v) PEG 3350

H3 25% (w/v) PEG 3350 100 mM Bis-Tris/ Hydrochloric acid pH 5.5

H4 45% (v/v) MPD 100 mM Bis-Tris/ Hydrochloric acid pH 5.5 200 mM Calcium chloride

H5 45% (v/v) MPD 100 mM Bis-Tris/ Hydrochloric acid pH 5.5 200 mM Ammonium acetate

H6 17% (w/v) PEG 10,000 100 mM Bis-Tris/ Hydrochloric acid pH 5.5 100 mM Ammonium acetate

H7 25% (w/v) PEG 3350 100 mM Bis-Tris/ Hydrochloric acid pH 5.5 200 mM Ammonium sulfate

H8 25% (w/v) PEG 3350 100 mM Bis-Tris/ Hydrochloric acid pH 5.5 200 mM Sodium chloride

H9 25% (w/v) PEG 3350 100 mM Bis-Tris/ Hydrochloric acid pH 5.5 200 mM Lithium sulfate

H10 25% (w/v) PEG 3350 100 mM Bis-Tris/ Hydrochloric acid pH 5.5 200 mM Ammonium acetate

H11 25% (w/v) PEG 3350 100 mM Bis-Tris/ Hydrochloric acid pH 5.5 200 mM Magnesium chloride

H12 45% ((v/v) MPD 100 mM HEPES free acid/ Sodium hydroxide pH 7.5 200 mM Ammonium acetate
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