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Abstract: 

The production of secondary metabolites with micro-organisms has proven to be very useful for 

society. Penicillium chrysogenum is a fungus that is well known in the industry for the production of 

secondary metabolites. Engineering new secondary metabolite producing gene clusters will further 

help the industry in the production of useful secondary metabolites. UAS/Gal4 and QUAS/QF are 

transcription factor based expression systems that have been analyzed in several organisms.16,18,22 

Gal4 and QF can regulate the transcription of a specified gene downstream of the UAS or QUAS 

sequence.16,18,22 In this research 12 UAS/Gal4 based expression systems have been assembled. In 

these constructs Gal4 will bind to the UAS sequence of a gene that will transcribe and translate for a 

fluorescent protein. This fluorescent protein can be used as a reporter to show that the construct 

works in P. chrysogenum. The UAS/Gal4 system is not able to negatively regulate the production of 

the fluorescent protein. The construct was assembled with the MoClo method. The fluorescence of P. 

chrysogenum was measured with a biolector after the construct was transformed and integrated into 

P. chrysogenum. At the end of the research all 12 constructs were assembled and 10 constructs were 

successfully transformed into P. chrysogenum.  
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1. Introduction: 

Filamentous fungi are known for producing secondary metabolites and proteins.3 Penicillium 

chrysogenum became famous for being the industrial producer of the first antibiotic penicillin.3 

Penicillium chrysogenum is an interesting organism to work with, since it has a long history of 

industrial use.3 Filamentous fungi are known for containing a lot of silent secondary metabolite gene 

clusters, this was visible in all the in silico work that has been done in the recent years.4,5 Most of 

these silent gene clusters can be activated by a certain environmental factor like communication 

between cells or the presence of certain compounds.4,5 Some bacterial cells can activate a specific 

silent gene cluster when they are exposed to a certain antibiotic.8 In certain cases when plant cells 

are exposed to a specific electric field they can also start producing extra secondary metabolites.9 

Both of these situations are not only changes in the environment, but are also a stress response from 

these organisms. Another way to activate silent gene clusters is by promoter exchange.23,24 With 

promoter exchange the sequence of an inactive promoter (or one with low activity) can be 

recombined with the sequence of an active promoter.23,24 The amount of promoters that can be used 

for promoter exchange is very low.3 This is why a new transcription factor based expression system 

has been built that is potentially useful for promoter exchange.  

1.1 Transcription factor 

In a transcription factor based expression system a protein (a transcription factor) binds to the DNA 

in order to induce certain effects to the transcription of the DNA.13 Gal4 and other transcription 

factors are able to bind to a specific upstream activation sequence (UAS) of the DNA.12,13 A 

transcription factor can either induce or repress the recruitment of RNA-polymerase to the (core) 

promoter.13,15 The (core) promoter is able to bind to RNA polymerase.25 This way transcription factors 

can play a role in the regulation of the transcription of certain genes.12  

1.2 Core promoter 

A promoter is the sequence in the DNA that can be recognized by RNA polymerase.25 The core 

promoter is the minimal sequence that is needed to direct and induce transcription of the DNA.25 

There is a high diversity of core promoters.25 The core promoter is able to receive specific regulatory 

input and is able to use this input to precisely regulate transcription.25 This indicates that every core 

promoter has their own level of regulation.25  

1.3 Gal4 system 

Gal4 is a protein that was originally found in yeast.2 This protein is able to bind to the DNA in order to 

recruit RNA polymerase to a specific gene.2 Gal4 binds only to a specific upstream activation 

sequence that originates from yeast.2 Gal4 has a Zn2-Cys6 zinc finger.11 This motif is required for Gal4 

to bind to the UAS sequence of the DNA.10,11  

A system similar to UAS/Gal4 (the QUAS/QF system) has already been tested in Drosophila 
melanogaster.16 This system has QF as the transcription factor and QUAS as the upstream activation 
sequence.16 The QUAS/QF system that is introduced by Luo Liqun et al. also contains a transcription 
factor inhibitor QS.16 Due to the additional use of QS the QUAS/QF system can be regulated by 
varying the quinic acid concentration.16 Similar regulation might occur with the UAS/Gal4 system 
when Gal80 is also added to the construct.17  
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Inside yeast Gal4 is able to bind to the upstream activation sequence of the gene for Gal1.21 Gal80 is 
able to bind to Gal4 in order to repress the Gal4 activity inside yeast.22 When galactose is available 
for the cell then Gal3 will be able to bind to Gal80.22 This causes that Gal4 can be released from gal80 
binding and can bind to the UAS sequence of the Gal1 gene.22 It might be interesting to use this type 
of regulation inside P. chrysogenum as well. 
 
The UAS/Gal4 system is used in D. melanogaster to study certain changes inside the cells.18 When a 

virus (an environmental factor) infects a cell in this organism then the Gal4 gene will be transcribed & 

translated.18 When Gal4 is produced it can become visible in the infected cells by means of 

fluorescence.18 Hultmark Dan et al. also states that the UAS/Gal4 system might eventually be usable 

to change the activity of certain genes inside the infected cells in order to give a better response to 

the infection.18 The UAS/Gal4 system has also been used to map proteins that are involved in 

diseases with a genetic origin.19,20  

In this research several plasmids have been built that are able to show if the Gal4 activity works 

properly in Penicillium chrysogenum. In this research we use Gal4, because it can specifically bind to 

a specific upstream activation sequence that (in this case) has been cloned upstream of a core 

promoter that will transcribe RNA for a red fluorescent protein (called mCherry). Figure 1 shows how 

Gal4 should work in our construct. The active domain that is presented in figure 1 can vary between 

Gal4AD and VP16AD. VP16AD is the active domain of the protein VP16 that originates from the 

Herpes simplex virus.26 VP16AD has already shown to work as an active domain in the UAS/Gal4 

system.27  

  
 
Figure 1: The proposed reaction mechanism of the prepared constructs. Gal4 contains a varying active domain (either Gal4AD or VP16AD) 

and the fluorescent protein GFP which is used to localize Gal4 and to see if Gal4 is produced at all. Gal4 first binds to the UAS sequence. 

Then the active domain of the protein recruits RNA polymerase II to the core promoter. The RNA polymerase then transcribes RNA coding 

for mCherry. If mCherry is produced then red fluorescence should be visible in the cell. 

 

1.4 Golden gate cloning 

The (DNA) assembly method that has been used in this research is called Golden gate cloning.6 With 

Golden gate cloning one can incorporate genes into vectors which can be transformed into E.coli.6 

Golden gate cloning makes use of type IIS restriction enzymes.6 Type IIS restriction enzymes are 

special restriction enzymes that are able to digest a piece of DNA outside of the recognition site.6 

These restriction enzymes can remove their own recognition site from varying pieces of DNA when 

the recognition site for these restriction enzymes is oriented correctly.6 This way one can create 

different sticky ends while using the same restriction enzyme.6 The MoClo assembly method defines 

a language to build up from simple genetic constructs (level 0) different transcriptional units (level 1), 

which then can be assembled into complex synthetic pathways (level 2) in a modular manner.6  
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1.5 MoClo assembly and transformation 

With the MoClo method as shown in figure 2, first a level 0 plasmid is built (which contains a level 0 

part).6 This is done by amplifying a specified part of the DNA with a PCR using primers that will give 

the necessary restriction sites to the amplified construct, this is then digested (on both ends) with 

the type IIS restriction enzyme BpiI and then ligated into a plasmid in a one-pot reaction.6 In order to 

make a level 1 construct several level 0 plasmids are digested with BsaI and the level 0 constructs are 

assembled by sticky end ligation.6 After the digestion the first level 0 construct should contain sticky 

ends that are compatible with the sticky ends of the next level 0 construct and so on.6 This is the case 

for all the level 0 constructs after digestion with BsaI and level 1 constructs after digestion with BpiI.6 

This way the level 0 or level 1 constructs are assembled in such a way that the sticky ends of the first 

and last construct fit onto the backbone that is used to make a level 1 (with level 0 constructs) or a 

level 2 (with level 1 constructs) plasmid. Every time a level 0, level 1 or level 2 plasmid is built, the 

plasmid is transformed into E. coli.6 The E. coli cells are then selected on the antibiotic selection 

marker that comes with the plasmid (spectinomycin with level 0, ampicillin with level 1 and 

kanamycin with level 2).6 The cells are selected on with a blue-white (LacZ + IPTG) screening (level 0 

and level 1) or are selected on the production of canthaxanthin (level 2) (β-carotenoid pathway).6 

Figure 26: Schematic overview of the MoClo method (Weber et al.). In section A is visible that several of the level 0 constructs are 

assembled into a level 1 construct. The level 1 constructs are then assembled into level 2 constructs. In section B is visible that every 

construct that is used for assembly has its own sticky ends. As a result of that the construct should assemble into the correct order and 

orientation.  

 

When the final construct is assembled then it can be transformed into the destination organism (in 

our case Penicillium chrysogenum). The assembled plasmids contain DraIII restriction sites. When the 

plasmid is cut at these restriction sites the backbone of the level 2 plasmid will be removed. This will 
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make the construct linear. This will make it possible for the construct to be used for genomic 

integration with homologous recombination of the flanking regions. Figure 3 shows how the 

construct will be integrated into the genome of P. chrysogenum.  

Figure 3: Schematic view of the genomic integration of a level 2 construct into the P. chrysogenum genome by homologous recombination. 

  

1.6 Biolector analysis 
The performance of the different constructs can be measured with a biolector.3 This should happen 
after integrating the construct into the genome of P. chrysogenum and after purifying the strain. A 
biolector is able to monitor fermentation parameters like biomass formation, pH-values, O2-
concentration and fluorescence.3 A biolector is also able to monitor the parameters of multiple 
cultures at the same time (max 48 cultures).3  
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2. Materials and methods: 

 

2.1 Composition of the level 2 plasmids 

Before this project, several constructs (promoters, open reading frames, terminators etc.) and 

transcriptional units (TUs) were made that can be used for the assembly of a final synthetic pathway. 

During the research 12 level 2 constructs were made by assembling several level 1 constructs (see 

figure 4 and table 1). All of these constructs contain an AMDS marker to select for the use of 

acetamide as a nitrogen source. These level 2 constructs are divided into two groups. The plasmid of 

one group contains information for a Gal4 DNA binding domain together with the Gal4 activation 

domain. The plasmid of the other group contains information for a Gal4 DNA binding domain 

together with the VP16 active domain. Varying the active domain of the RNA polymerase recruiting 

protein should lead to different transcriptional activity.1 Also leaving out the upstream activation 

sequence should remove the transcriptional activity.7 The constructs that have a removed upstream 

activation sequence are used as a control for the ones that contain an upstream activation sequence. 

The upstream activation sequence that is used in this research contains 5 Gal4 binding sites in order 

to amplify the Gal4 activity. Varying core promoters (namely Ura3p, NirAp or PcbCp) were used in 

order to see if they could give a different transcriptional activity.  

Figure 4: This figure shows the full level 2 constructs that were made. It also shows the simple genetic parts that were assembled for the 

level 1 assembly of the transcriptional units. A total of 12 constructs were made. TU2 has either a Gal4 active domain or a VP16 active 

domain. TU4 either does or does not have an upstream activating sequence (UAS) and continues/ starts off with either an Ura3p, a NirAp 

or a PcbCp core promoter. The UAS sequence in these constructs contains 5 Gal4 binding sites. The Dra III restriction sites that are given at 

the ends of the construct are used for both the restriction analysis as well as for the digestion of the plasmid in order to integrate the 

construct into the genome. 

 
 
Table 1: The table below shows what the differences are between the constructs. The table also gives the length of each of the different 
constructs. 

Construct TU2 contains TU4 contains UAS Length backbone with 
DraIII digestion (bp) 

Length construct with 
DraIII digestion (bp) 

A Gal4AD Ura3p Yes 4813 10029 

B Gal4AD NirAp Yes 4813 9985 

C Gal4AD PcbCp Yes 4813 10091 

D Gal4AD Ura3p No 4813 9932 

E Gal4AD NirAp No 4248 9888 

F Gal4AD PcbCp No 4248 9994 

G VP16AD Ura3p Yes 4248 9822 

H VP16AD NirAp Yes 4248 9778 

I VP16AD PcbCp Yes 4248 9884 

J VP16AD Ura3p No 4248 9725 

K VP16AD NirAp No 4248 9681 

L VP16AD PcbCp No 4248 9787 
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2.2 Culture conditions: 
The E. coli cells were grown on regular LB-medium or LB-agar plates containing either ampicillin 
(level 1 constructs) or kanamycin (level 2 constructs). 
The AFF 407 strain was grown in YGG before protoplastation. 
 
Preparation of T-agar: 
Trace element solution, 10% acetamide solution and 1M of autoclaved phosphate buffer (pH=6.8) 
are prepared beforehand. 
 
Table 2: Composition of T-agar media 

 Concentration needed Added weight 

FeSO4 x 7 H2O 0.01 g/L 0.01 g 

MgSO4 x 7 H2O 0.5 g/L 0.5 g 

NaCl 3 g/L 3 g 

C12H22O11 342 g/L 342 g 

C6H12O6 10 g/L 10 g 

Agar-Agar 15 g/L 15 g 

After autoclaving add 10 mL of 10% acetamide solution, 10 mL of phosphate buffer & 2 mL of trace 
element solution to the medium before pouring the plates (the trace element solution wasn’t added 
to the plates during this research). 
 
Preparation of 1L R-agar: 
Table 3: Composition of R-agar media 

 Concentration needed Added weight 

Agar-Agar 15 g/L 15 g 

Yeast extract 5 g/L 5 g 

Sugar beet molasse 7.5 g/L 7.5 mL 

Glycerol 85% 7 g/L 7 mL 

MgSO4 x 7 H2O 0.05 g/L 0.05 g 

NaCl 18 g/L 18 g 

CaSO4 x 2 H2O 0.25 g/L 0.25 g 

KH2PO4 0.06 g/L 0.06 g 

CuSO4 x 5 H2O  0.01 g/L 0.01 mL 

NH4Fe(SO4)2 x 12 H2O  0.16 g/L 0.16 mL 

The sugar beet molasse, CuSO4 x 5 H2O & NH4Fe(SO4)2 x 12 H2O were already prepared at a proper 
concentration. 
 
Preparation of S-agar: 
Trace element solution, 10% acetamide solution and 1M of autoclaved phosphate buffer (pH=6.8) 
are prepared beforehand. 
Table 4: Composition of S-agar media 

 Concentration needed Added weight 

FeSO4 x 7 H2O 0.01 g/L 0.01 g 

MgSO4 x 7 H2O 0.5 g/L 0.5 g 

NaCl 3 g/L 3 g 

C6H12O6 10 g/L 10 g 

Agar-Agar 15 g/L 15 g 

After autoclaving add 10 mL of 10% acetamide solution, 10 mL of phosphate buffer & 2 mL of trace 
element solution to the medium before pouring the plates (the trace element solution wasn’t added 
to the plates during this research). 
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Preparation of 500 mL YGG: 
For the YGG medium 10 mL of autoclaved 10% yeast extract was prepared beforehand.  
400 mL KCl-Glucose (needs to be autoclaved): 
Table 5: Composition of the KCl-glucose solution 

 Concentration needed Added weight 

KCl 10 g/L 4 g 

C6H12O6 x H2O 20 g/L 8 g 

100 mL 5x buffered YNB: 
Table 6: Composition of the 5x buffered YNB 

 Concentration needed Added weight 

YNB w/o amino acids 33.3 g/L 3.33 g 

C6H8O7 x H2O 7.5 g/L 0.75 g 

K2HPO4 30 g/L 3 g 

Add the 100 ml of 5x buffered YNB to the KCl-glucose while filter sterilizing it. Add 10 mL of sterile 
10% Yeast Extract afterwards. 
 

2.3 Building level 2 constructs: 
Figure 4 and table 1 (above) show the level 2 constructs. BpiI (Thermo Scientific) was used to cut the 
level 1 plasmids at both ends in order to perform the assembly reaction. The different transcriptional 
units were able to assemble by sticky end ligation with ligase (Thermo Scientific). Table 13 in the 
appendix shows which plasmids were used for each construct. 20 femto molar of each of the 
specified plasmids was taken in order to perform the reactions. The reactions were performed in a 
final volume of 15 µL. The ligase buffer that was used for the assembly reaction is from Thermo 
Scientific. 
 
Table 7: An example of a reaction mixture for the assembly reaction of construct A when the plasmids would have a concentration of 20 
nmol/L.  

Plasmids or solutions Reaction mixture 

pAGM4723 cor 1 µL 

pZB1_1_TU1_5FR 1 µL 

pSD1_1_Donor_Gal4_TU2 1 µL 

pYn1_65 AMDS (TU3) 1 µL 

pSD1_3_Reciever_UAS_Ura3_mCherry (TU4) 1 µL 

pZB1_2_TU5_3FR 1 µL 

pICH41800 1 µL 

MQ 2 µL 

Ligase buffer 1.5 µL 

Ligase  1 µL 

BpiI 0.5 µL 

 
2.4 Transformation and screening of E. coli: 

All of the level 2 plasmids were transformed into chemically competent β-10 cells.  
When the constructs were successfully transformed into E.coli they were screened with a colony PCR 
and a restriction analysis with DraIII. The reaction volume and incubation temperature of the colony 
PCR is visible in tables 8 and 9. Table 10 shows the reaction mixture of the restriction analysis. The 
colony PCR in E. coli was performed with primer pairs 99 & 146 and primer pairs 100 & 147 (see table 
14 in the appendix). The phire green that is used for the amplification of the DNA is from Thermo 
Scientific. 
 
Table 8: Reaction mixture for the colony PCR.  

 1x reaction 

Phire green 10 µL 
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MQ 9 µL 

Primer fw 0.5 µL 

Primer rev 0.5 µL 

 
Table 9: Thermocycling conditions of the colony PCR. 

Incubation time Incubation temperature Repeats 

5 min 98 oC 1x 

5 sec 98 oC     
25x 5 sec 59 oC    

45 sec 72 oC    

1 min 72 oC 1x 

Hold  12 oC 

 
Table 10: Reaction mixture for the restriction analysis. The restriction buffer and Dra III are from Thermo Scientific. 

 Reaction mixture 

Plasmid 150-250 ng 

Restriction buffer 1 µL 

Restriction enzyme (Dra III) 0.3 µL 

MQ Fill up to 10 µL 

 
 
2.5 Transformation and screening of P. chrysogenum: 

The constructs were transformed and integrated into the genome of Penicillium. The flanking regions 
of the construct (5FR and 3FR)  are complementary to a part of the genome in the AFF407 strain.  
This will make it possible for the level 2 construct to integrate into the genome by homologous 
recombination (see figure 3). The transformation plate contains acetamide as its only nitrogen 
source. The AMDS selection marker is a gene that produces acetamidase. This gives Penicillium the 
ability to use acetamide from the plates as a nitrogen source. The transformations were performed 
according to Weber et al.14 . Dra III was used to digest the plasmid in order to integrate the construct 
into the genome (see figure 4). 
The transformed cells are screened with a colony PCR for containing either the wildtype copies of the 
chromosome, or the integrated construct or both (since these fungi  may contain several copies of 
their nuclei). The reaction volume and incubation temperature of the colony PCR is shown in tables 
11 & 12. A small piece of mycelium is first smashed in DNA dilution buffer (Thermo Scientific). The 
suspension is spun down, then this can be used as a template for the PCR reaction. Primers 28, 72, 
110 & 111 were used for the colony PCR in P. chrysogenum (see table 14 in the appendix and figure 
5). The phire polymerase, the PCR buffer and the DNA dilution buffer that were used here are from 
the Thermo Scientific phire plant direct PCR kit. Figure 5 shows how the colony PCR will proof that 
the construct should be correctly integrated into the genome. 
 
Table 11: Reaction mixture for the colony PCR from Penicillium.  

 1x reaction 

Phire polymerase 0.4 µL 

PCR buffer 10 µL 

Primer fw 0.15 µL 

Primer rev 0.15 µL 

MQ 8.8 µL 

Template 0.5 µL 

 
Table 12: Incubation schedule of the colony PCR from Penicillium. 

Incubation time Incubation temperature Repeats 

5 min  98 oC 1x 
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20 sec 98 oC     
35x 20 sec 62 oC    

2.5 min 72 oC    

10 min 72 oC 1x 

Hold  4 oC 

 
 
Figure 5: A schematic view of the primer position in the P. chrysogenum colony PCR.  

 
 

2.5  
2.6 Purification of P. chrysogenum 

Figure 6 shows the steps that were performed for the purification. The colonies that have been 
proven to have the correct integration of the construct were plated out on R-agar medium for 
sporulation. The spores are then harvested with 50 µL of (autoclaved) spore harvest solution (0.8% 
NaCl & 0.05% Triton X-100 dissolved in MQ). This is pipetted twice on a sporulating colony. 
Approximately 50 µL of the harvested spores is then diluted in 450 µL sterile MQ (10x dilution). This 
solution is diluted 10x and 100x again and 100 µL of both dilutions (100x and 1000x) are then plated 
out on S-agar (selective medium). This medium contains acetamide as its only nitrogen source. The 
colonies on this plate are screened with a colony PCR and the colonies with the highest ratio of the 
correctly integrated construct compared to the wildtype sequence are plated out on R-agar. This 
cycle is repeated at least once in order to obtain cells that only appear to contain the integrated 
construct. 
 
Figure 6: Schematic view of the purification of P. chrysogenum. (Carsten Pohl) 
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2.7 Analysis with the biolector 
Mycelia was grown in a biolector for 5 days according to Polli et al.3 . Fluorescence and biomass 
formation was monitored over time. The biolector data has been analyzed with TIBCO Spotfire 
software. 
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3. Results/discussion:  

3.1 Restriction analysis: 
All of the constructs have been built by using the MoClo system (see the results of figures 7, 8, 9 & 
10). 10 out of 12 constructs were successfully integrated into the genome of P. chrysogenum. 6 of 
these strains were purified. The gels that are given in the figures below show a general outline of the 
results that have been acquired during this research.  
 
Figure 7: A gel of the restriction analysis with DraIII (see figure 4) of constructs A, B, C and D (table 1 has additional information). This gel 
shows the results of the first successful MoClo assembly. The exact sizes of the constructs can be found in table 1. The construct is 
supposed to be the upper band (approximately 10000bp) and the backbone is supposed to be the lower band (4813bp). The correct band 
are indicated with an arrow. 

 
 
Figure 8: A gel of the restriction analysis with DraIII (see figure 4) of constructs E, G, H, I, K and L (table 1 has additional information). This 
gel shows the results of the second successful MoClo assembly. The exact sizes of the constructs can be found in table 1. The construct is 
supposed to be the upper band (approximately 10000bp) and the backbone is supposed to be the lower band( 4248bp). The correct 
constructs are indicated with an arrow.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



15 
 

Figure 9: A gel of the colony PCR of A and the restriction analysis of construct F (table 1 has additional information). This gel shows another 
result of the second successful MoClo assembly. The exact sizes of the constructs can be found in table 1. The construct is supposed to be 
the upper band (9994bp) and the backbone is supposed to be the lower band (4248bp). The correct bands are indicated with an arrow. 

 
 
Figure 10: A gel of the digestion of constructs E, H and K and the restriction analysis with DraIII (see figure 4) of constructs A, G and J (table 
1 has additional information). This gel shows the results of the first (construct A) and third (construct G and J) successful MoClo assemblies. 
The exact sizes of the constructs can be found in table 1. The construct is supposed to be the upper band (approximately 10000bp) and the 
backbone is supposed to be the lower band (approximately 4813bp or approximately 4248bp). The correct bands for the restriction 
analysis are indicated with an arrow. 

 
 
With the first successful MoClo assembly constructs B, C and D (see table 1 and figure 7) are 
immediately found in the first few colonies. Construct A (see table 1 and figure 10) was found in later 
colonies from this assembly. Constructs E, F, H, I, K and L (see table 1 and figures 8 and 9) were 
prepared with the second successful MoClo assembly. Construct G and J (see table 1 and figure 10) 
were prepared with the third successful MoClo assembly. This data shows that 10 out of 12 of the 
constructs were already assembled during the first two successful MoClo assemblies. This shows that 
the MoClo assembly should be able to work in general.  
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3.2 Colony PCR of P. chrysogenum: 
Figure 11: A gel of the colony PCR of some purified Penicillium colonies containing construct H (the other constructs are not fully purified 
here). The amplified size for the construct (lower row) is ~1550 base pairs. The amplified size for the wildtype (upper row) is ~3000 base 
pairs. The constructs that are supposedly pure enough are indicated with an arrow. 

 

 
Figure 12 & 13: Two gels of the colony PCR of some purified Penicillium colonies containing construct D or E. The amplified size for the 
construct (upper row) is 3180 base pairs for D and 1550 base pairs for E. The amplified size for the wildtype (upper row) is ~3000 base 
pairs. The constructs that are supposedly pure enough are indicated with an arrow. 
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Figure 14: A gel of the colony PCR of some purified Penicillium colonies containing  construct K. The amplified size for the construct (lower 
row) is ~3180 base pairs. The amplified size for the wildtype (upper row) is ~3000 base pairs. The constructs that are supposedly pure 
enough are indicated with an arrow. 

 
 
Figure 15: : A gel of the colony PCR of some purified Penicillium colonies containing  constructs F or I. The amplified size for the construct 
(lower row) is ~3180 base pairs. The amplified size for the wildtype (upper row) is ~3000 base pairs. The constructs that are supposedly 
pure enough are indicated with an arrow. 

 
 
The figures 11 t/m 15 show which strains are purified. If the gel does not show or barely shows any 
bands at the wildtype (WT) wells then the strain is pure enough to analyze it with the biolector. This 
does not mean that the strain is completely pure. There may still be a very low amount of wildtype 
present in the strain. Further purification of the strain is unnecessary, because it is not possible 
anymore to make any of these genetic changes visible. 
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3.3 Biolector data and analysis: 
The strains can be analyzed with the biolector when the strains are pure enough. The strains 
containing constructs D, E and H (see table 1) were analyzed with the biolector. Figure 16, 17, 18 and 
19 show the results of the most interesting parameters in this analysis. 
 
Figure 16: Biolector data of the biomass of the D, E and H strains of P. chrysogenum and for comparison the wildtype. Each line in this 
graph represents two measurements of technical replicates. The error bars that are shown in this graph are therefore of only two 
measurements each. All of the constructs seem to grow at nearly the same pace. The time here is given in hours. 

 
 
 
Figure 17: Biolector data of the GFP fluorescence of D, E and H strains of P. chrysogenum and for comparison the wildtype. Each line in this 
graph represents two measurements of technical replicates. The error bars that are shown in this graph are therefore of only two 
measurements each. Only construct H seems to have GFP production. The time here is given in hours. 
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Figure 18: Biolector data about the fluorescence of GFP divided by the biomass of P. chrysogenum that contains either construct D, E or H 
and for comparison the  wildtype. Each line in this graph represents two measurements of technical replicates. The error bars that are 
shown in this graph are therefore of only two measurements each. Only H seems to have an increase in fluorescence compared to the 
biomass while D and E are showing fluorescence that is comparable to the wildtype. The time here is given in hours. 

 

Figures 16, 17 and 18 show that only strain H has an actual GFP (and therefore Gal4) production. 
Strain D and E seem to have no Gal4 production. This is certainly unexpected, since both strains 
should have the integrated construct according to figure 12 and 13. Figure 19 shows that strain H 
does not produce mCherry in a manner that would be expected with the Gal4 production in figures 
16 and 18.  
 
Figure 19: Biolector data about the fluorescence of RFP in P. chrysogenum that contains either construct D, E or H and for comparison the  
wildtype. Each line in this graph represents two measurements of technical replicates. The error bars that are shown in this graph are 
therefore of only two measurements each. The red fluorescence does not seem to correspond with the green fluorescence in figures 16 
and 18. The time here is given in hours. 
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The UAS/Gal4 constructs that have been analyzed here are not yet working as expected in P. 
chrysogenum. The results that are given indicate that something may be wrong with the colonies that 
were used for the analysis. This may have happened if the integrated construct wasn’t pure enough. 
Another reason for this could be that the colonies that were used for the colony PCR and for the 
analysis with the biolector were mixed up. It is recommended that this will be analyzed in further 
research.  
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4. Conclusion: 
The gels of the restriction analysis in the results section show that the assembly reaction did 
assemble the constructs with a correct size. Also the colony PCR results show that the construct 
should be integrated at the right position in the P. chrysogenum genome. The biolector analysis 
pointed out that constructs D & E (see table 1) are not producing Gal4. It also shows that H could be 
producing Gal4 with the GFP tag, but we could not detect red fluorescence of the mCherry. A 
western blot of strain H could point out if Gal4 is produced completely by this strain and is (for 
example) not partially produced (with the GFP-tag). A colony PCR can be used to see if the strains 
that were analyzed with the biolector were the correct strains. Also several pieces of the integrated 
constructs will be sequenced in order to confirm whether the strains contain the correct constructs. 
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6. Appendix: 
6.1 Table 13: Overview of the plasmids that were used for the assembly reaction and their 

respective sizes in base pairs. 

Construct 
 

Size (bp) 

A pAGM4723 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_1_Donor_Gal4_TU2 7617 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_3_Reciever_UAS_Ura3_mCherry (TU4) 6198 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

   B pAGM4723 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_1_Donor_Gal4_TU2 7617 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_4_Reciever_UAS_NirA_mCherry (TU4) 6154 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

   C pAGM4723 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_1_Donor_Gal4_TU2 7617 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_5_Reciever_UAS_pPcbC_mCherry (TU4) 6260 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

   D pAGM4723 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_1_Donor_Gal4_TU2 7617 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_6_Reciever_Ctrl_Ura3_mCherry (TU4) 6101 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

   E pAGM4673 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_1_Donor_Gal4_TU2 7617 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_7_Reciever_Ctrl_NirA_mCherry (TU4) 6057 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 
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F pAGM4673 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_1_Donor_Gal4_TU2 7617 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_8_Reciever_Ctrl_pPcbC_mCherry (TU4) 6163 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

   G pAGM4673 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_2_Donor_Gal4_ADVP_16TU2 7410 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_3_Reciever_UAS_Ura3_mCherry (TU4) 6198 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

   H pAGM4673 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_2_Donor_Gal4_ADVP_16TU2 7410 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_4_Reciever_UAS_NirA_mCherry (TU4) 6154 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

   I pAGM4673 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_2_Donor_Gal4_ADVP_16TU2 7410 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_5_Reciever_UAS_pPcbC_mCherry (TU4) 6260 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

   J pAGM4673 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_2_Donor_Gal4_ADVP_16TU2 7410 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_6_Reciever_Ctrl_Ura3_mCherry (TU4) 6101 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 
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K pAGM4673 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_2_Donor_Gal4_ADVP_16TU2 7410 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_7_Reciever_Ctrl_NirA_mCherry (TU4) 6057 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

   L pAGM4673 cor (vector) 12919 

 
pZB1_1_TU1_5FR 5187 

 
pSD1_2_Donor_Gal4_ADVP_16TU2 7410 

 
pYn1_65 AMDS (TU3) 7544 

 
pSD1_8_Reciever_Ctrl_pPcbC_mCherry (TU4) 6163 

 
pZB1_2_TU5_3FR 5208 

 
pICH41800 (linker) 3318 

 

6.2 Table 14: Information on the primers which were used for the colony PCRs: 

Name primer Sequence primer 

72_screening1fw TGCAATCCAGAGGGTCTGGTCT 

28_tAct1_Fwd ACAGCGGAAGACAAGCTTGTGCTTCTAAGGTATGAGTCGCA      

110_40Sp_Fwd1 TTGAAGACAAGGAGGAGTTATAGACGGTCCGGCATAGG 

111_40Sp_Rev1 TTGAAGACAAGGTGTCGATCGGACGTATTGTCCAAG 

99_Leve1_screening_fwd CACATTGCGGACGTTTTTAATGTACTG 

100_Level1_screening_rev CCGCCAATATATCCTGTCAAACACTG 

146_screening_rev_in eGFP AACTTCAGGGTCAGCTTGCC 

147_screening_fw_in Tamds ACAGGTGACTCTGGATGGC 

 


