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Abstract 
Tyrosinases are enzymes with both monooxygenase and oxidase activity, thereby oxidising 

monophenols as well as ortho-diphenols to ortho-quinones. Since tyrosinases have the 

potential for many industrial applications including removal of phenols, for biosensors, in 

biocatalysis, and for production of biocompatible adhesives, the need for efficient production 

of these enzymes is increasing. Commercially available enzymes are of low quality due to 

insufficient purity. In this work tyrosinase from Verrucobicrobium spinosum was 

recombinantly expressed in Escherichia coli. The V. spinosum tyrosinase was successfully 

expressed in E. coli BL21(DE3) pLysS at 37°C for 4 hours of induction. A specific activity 

towards L-DOPA of 213 µmol DOPAchrome/min∙mg protein (1,150 µmol 

DOPAchrome/min∙mg protein towards L-tyrosine) was measured, with 86% activity 

preserved after 3 weeks of storage at 4°C.  
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Abbreviations 
6xHis-tag A sequence of six histidine residues 

AmpR Gene coding for ampicillin resistance 

APS Ammonium peroxodisulfate 

BamHI Restriction site 

BL21(DE3) Chemically competent E. coli strain 

BL21(DE3) pLysS Chemically competent E. coli strain 

CoreTyr Core tyrosinase gene sequence 

C-terminal Attached to the end of a protein terminated by a free carboxyl group 

DH5α Chemically competent E. coli strain 

DNA Deoxyribonucleic acid 

dH2O Distilled water 

E. coli Escherichia coli 

EDTA Ethylenedinitrilotetraacetic acid 

EtOH Ethanol 

IMAC Immobilised metal ion affinity chromatography 

IPTG Isopropyl β-D-1-thiogalactopyranoside 

g Gravitational force 

HF High fidelity 

KpnI Restriction site 

lac Lactose 

LB Luria broth 

LBamp Luria broth with ampicillin 

LBampChl Luria broth with ampicillin and chloramphenicol 

L-DOPA L-3,4-dihydroxyphenylalanine 

MQ Milli Q water 

MW Molar weight 

N-terminus The free amine group at the start of a protein 

OD600 Optical density at 600 nm 

ori Origin of replication 

PAGE Polyacrylamide gel electrophoresis 

PCR Polymerase Chain Reaction 

pETHis Plasmid pETHis TEV LIC 2B-T 

pETHisCoreTyr Recombinant plasmid with core tyrosinase gene 

pETHisTyrV Recombinant plasmid with full length tyrosinase gene 

RBS Ribosome binding site 

RNA Ribonucleic acid 

rop Repressor of primer 

rpm Revolutions per minute 

SDS Sodium dodecyl sulfate 

SspI Restriction site 

TBE Tris-borate-EDTA 

TEV Tobacco etch virus cleavage site 

Tm Melting temperature 

Tris 2-amino-2-hydroxymethyl-1,3-propanediol 

TyrV Full length tyrosinase gene sequence 

UV Ultra violet 

V. spinosum Verrucomicrobium spinosum 
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Introduction 

Tyrosinase 
Tyrosinases (EC 1.14.18.1) are type-3 copper containing enzymes, having a binuclear (CuA 

and CuB) copper center with each copper atom coordinated by three histidine residues, Figure 

1. A dioxygen is bound to the two copper atoms in a peroxy configuration, Figure 1, resulting 

in both monooxygenase and oxidase activity. The substrate is a monophenol or an ortho-

diphenol, and the product is in both cases an ortho-quinone, Figure 2. The enzyme possesses 

four discrete oxidation states, deoxy-, oxy-, met- and deact-tyrosinase, Figure 3. The resting 

state of the enzyme is met-tyrosinase [Cu(II)2]. To be activated the enzyme is first reduced to 

its deoxy- state [Cu(I)2] and then oxidised, by binding dioxygen, to the active form oxy-

tyrosinase [Cu(II)2∙O2]. This activation sequence results in a ‘lag period’. The non-reversible 

deactivation of tyrosinase is a slow process most likely resulting from diphenols sometimes 

being processed as monophenols and thereby oxidised through the monooxygenase pathway. 

[1, 2] 

Cu(II)
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Figure 1: Peroxide binding to the binuclear copper center of type-3 copper proteins. Figure produced in ChemSketch. 
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Figure 2: The two oxidation pathways for tyrosinases, the monooxygenase pathway when the substrate is a 

monophenol and the oxidase pathway when the substrate is an ortho-diphenol. Figure produced in ChemSketch. 
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Figure 3: The inter-relationship between the four oxidation states of tyrosinases, deoxy-, oxy-, met- and deact-

tyrosinase. Monophenols only interact with oxy-tyrosinase and are monooxygenated to an ortho-quinone while 

the tyrosinase is reduced to deoxy-tyrosinase. Ortho-diphenols binds to both oxy- and met-tyrosinase, the 

oxidation product is again ortho-quinone while the tyrosinase is reduced to met- and deoxy-tyrosinase 

respectively. Two ortho-diphenols are thus required to reduce oxy-tyrosinase to deoxy-tyrosinase compared to 

one for monophenols. Deoxy-tyrosinase rapidly binds one dioxygen and is thereby oxidised to active oxy-

tyrosine. Oxy-tyrosinase is deactivated by occasional monooxygenation of diphenols to 3-hydroxyquinone. N in 

copper complexes refers to histidine side chain. Figure produced in ChemSketch. 

Tyrosinases are mainly recognised for their important role in melanin biosynthesis and the 

defence against the harmful effects of UV light [3, 4]. Melanin is synthesised not only in 

mammals but also in many species of microorganisms like bacteria [5] and yeast. In the latter 

it has been found to be protective also towards dehydration, extreme temperatures and 

hydrolytic enzymes [6]. Tyrosinases also enable symbiosis by providing symbiotic bacteria 

with the ability to detoxify defensive phenols produced by host plants [7]. 

Commercially available tyrosinases from native tyrosinase-producing microbial strains have 

low purity and commonly contains other enzymes, such as peroxidases and laccase, also using 

tyrosine as substrate but with different products. Poor solvent and temperature stability of the 

enzyme is another typical issue. Recombinant production of tyrosinase appears to be an 

alternative to obtain higher quality and larger amounts of protein, but so far only few 

examples have been reported. [8, 9] 

The tyrosinase from the bacterium Verrucomicrobium spinosum, V. spinosum, has been used 

for recombinant production in Escherichia coli, E. coli, previously. This tyrosinase resembles 

eukaryotic enzymes since it does not require an accessory ‘caddie protein’ for copper 

incorporation unlike the more well-studied Streptomyces species enzymes. The V. spinosum 

tyrosinase however has a C-terminal inactivation domain, Figure 4 (a). The C-terminal of this 
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specific tyrosinase is cleavable by trypsin to obtain a catalytically more active enzyme.[8, 9] 

In this project the V. spinosum tyrosinase, with and without the inactivating C-terminal, is 

produced recombinantly in E. coli, Figure 4 (b)-(c). The aim is to obtain a high-quality 

enzyme in an amount and purity suitable for use in an immobilised form for down-stream 

applications. The tyrosinase genes are codon optimised for E. coli. 

(a)

 

(b)

 

(c) 

 

Figure 4: An overview of the Verrucomicrobium spinosum tyrosinase with the active core and the inactivating C-terminal 

(a). (b)-(c) shows an overview of the recombinantly produced full length and core tyrosinase proteins, expressed, purified 

and characterised in this project. The core tyrosinase is one amino acid shorter in the recombinant proteins due to the 

removal of the starting methionine. Figure produced in SnapGene Viewer. 

Recombinant expression 
Recombinant DNA technology includes methods used for joining two DNA fragments 

covalently, moving the resulting recombinant DNA into a host organism, identifying the host 

cells containing the recombinant DNA and replicating them. The DNA fragments are usually 

a gene of interest, the insert, and a cloning vector capable of autonomous replication, for 

example a plasmid as used in this project. The insert and the vector are restricted, cut into 

matching pieces, using restriction enzymes, and then covalently joined using DNA ligases. 

Bacterial cells, often E. coli, are commonly used as host organisms and different types of 

transformation are used for introducing the plasmid into the cells. By heat shocking the 

bacteria ion channels can take up plasmid DNA. Another method is electroporation when a 

high-voltage pulse makes the bacterial membrane transiently permeable to large molecules. 

Only a few cells will take up the plasmid, and some screenable marker is used to sort out the 

cells containing the recombinant DNA. In this project the vector plasmid is ampicillin 

resistant, thus ampicillin is added to the growth media to kill cells not containing the 

recombinant DNA. Another type of screenable marker could be a gene coding for a coloured 

or fluorescent molecule. In order for replication, the plasmid has an origin of replication, ori, a 

sequence initiating replication by cellular enzymes. [10] 

Besides ampicillin resistance and an ori, the vector plasmid pETHis TEV LIC 2B-T, pETHis, 

Figure 5, also contains multiple cloning sites surrounded by a T7 promoter and T7 

terminator, making use of the T7 RNA polymerase, the RNA polymerase of a bacterial virus, 

for transcribing the inserted gene [10]. The cleavage sites SspI and KpnI are used for insertion 

of the genes. A ribosome binding site, RBS, for efficient translation, a sequence coding for six 

histidine residues adding a 6xHis-tag to the expressed protein, and a tobacco etch virus 

cleavage site, TEV, for the opportunity of simple removal of the 6xHis-tag are also found in 

the vector. The Repressor Of Primer protein, rop, maintains the plasmid at a low copy number 

in order not to kill the host cell [11]. 
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Figure 5: Schematic view of the pET His6 TEV LIC 2B-T vector plasmid used for recombinant cloning of genes and 

expression of proteins. Features utilised are marked, ampicillin resistance, AmpR, replication origin, ori, Rop protein, rop, 

for maintaining a low copy number of plasmid, T7 promoter and terminator for protein expression, ribosome binding site, 

RBS, for efficient ribosome binding, SspI and KpnI cleavage sites, sequence of six histidines used for affinity purification, 

6xHis-tag, and a tobacco etch virus cleavage site, TEV, for optional removal of the 6xHis-tag. Figure produced in SnapGene 

Viewer. 

E. coli strains 
The different strains of E. coli currently used in recombinant DNA experiments are mainly 

derived from E. coli K-12, isolated from the faeces of a diphtheria patient in 1922. E. coli has 

a rapid growth rate, in rich media it doubles in 20-30 minutes during the exponential phase, 

and is easy to transform and manipulate genetically. [12] 

When expressing proteins in bacterial cells it is important to be able to time the start of 

expression. Overproduction of proteins could hinder the growth of the bacteria due to the 

additional metabolic burden on the energy, carbon and amino acid pools of the cell. [13] 

BL21(DE3) is an E. coli strain commonly used for overexpression of cloned proteins. 

Deficient in both a cytoplasmic protease and an outer membrane protease, BL21(DE3) 

minimises degradation of intracellular heterologous proteins as well as protein degradation 

during purification. By adding a lysogen for expression of T7 RNA polymerase under the 

control of a lactose, lac, promoter, as in BL21(DE3), the gene to be expressed can be cloned 

downstream the T7 promoter and Isopropyl β-D-1-thiogalactopyranoside, IPTG, can be used 

to induce the expression. As the T7 promoter system in BL21(DE3), despite lac promoter 

control, has a quite high basal expression level for heterologous proteins, a pLys plasmid can 

be added for expression of T7 lysozyme. The T7 lysozyme inhibits T7 RNA polymerase, the 

induction by IPTG will however overcome this inhibition. [12, 14] In this project small-scale 

expression of tyrosinase in BL21(DE3) both with and without pLysS is evaluated. 

For cloning of genes, the quality of the plasmids and minimisation of DNA recombination are 

of outmost importance. The BL21 strain does not fulfil these criteria. An alternative is DH5α 

which provides both by abolishing activity of nonspecific endonuclease I and homologous 

recombination. [12] Both BL21 and DH5α are chemically competent, suitable for heat shock 

transformation, with high transformation efficiency. 
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Experimental 
An overview of the main steps in the project is found in Figure 6. 

 

Figure 6: Flowchart showing the main steps in the process of recombinant expression, purification and characterisation of 

tyrosinase. 

General procedures 

Sterile procedures 

All work with E. coli and growth media was done with gloves, and near a burning flame on a 

bench wiped with 70% ethanol, EtOH. The media were autoclaved in glass bottles or flasks 

covered with aluminium foil and were only opened under sterile conditions. The opening of 

glass bottles and flasks were burnt after opening and before closing. Pipettes were wiped with 

70% EtOH, pipette tips were either autoclaved or filtered and toothpicks were autoclaved. 

Gloves and sterile pipette tips were also used for all work with DNA. 

Protocol for transformation of plasmid into E. coli 

A tube with 50 µL of E. coli was taken from the -80°C freezer and allowed to thaw on ice, 

approximately 10 minutes. Approximately 50 ng of plasmid (200 ng for BL21(DE3) of a 
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tyrosinases 



11 

 

batch known to be less competent) was pipetted into the tube and the pipette tip was used to 

stir the mix. The tube was incubated on ice for 30 minutes. The E. coli cells were heat 

shocked by placing the tube in water, pre-heated to 42-43°C, for 30 seconds. The tube was 

then incubated on ice for 2 minutes. 

950 µL of Luria broth medium, LB, (tryptone 10 g/L, yeast extract 5 g/L, NaCl 10 g/L) was 

pipetted into the tube. Mixing was done by pipetting up and down once. The cell culture was 

incubated at 37°C, 250 rpm, for 60 minutes by taping the tube to a holder in the shaker. 

Inoculation was done to tempered LB with ampicillin, LBamp, agar plates (tryptone 10 g/L, 

yeast extract 5 g/L, NaCl 5 g/L, agar 20 g/L, ampicillin 100 mg/L) or LB with ampicillin and 

chloramphenicol, LBampChl, agar plates (tryptone 10 g/L, yeast extract 5 g/L, NaCl 5 g/L, 

agar 20 g/L, ampicillin 100 mg/L, chloramphenicol 50 mg/L). 

Inoculation into LB medium for plasmid cloning or protein expression 

When inoculating into culture tubes LB was pipetted into all tubes using a PIPETBOY. The 

tubes were closed, and antibiotics were added to the tubes one at a time (final concentration 

ampicillin 100 µg/mL, chloramphenicol, for pLys S only, 50 µg/mL). One colony was picked 

from a plate with an autoclaved toothpick and dropped into the tube. 

When inoculating into flasks adding antibiotics to the flasks was done by uncovering at most 

three flasks at a time. For cloning and pre-growth, the final concentrations of antibiotics used 

was ampicillin 100 µg/mL and chloramphenicol (for pLys S only) 50 µg/mL, for expression 

the ampicillin concentration was reduced to 50 µg/mL. Inoculation with 1/100 of the flask LB 

volume was done using PIPETBOY for inoculation volumes above 1 mL and a pipette 

otherwise. 

Gel electrophoresis  

Gel electrophoresis in agarose gel (1% agarose, 1x GelRed™, 1x TBE) with running buffer 

1x TBE (Tris-borate-EDTA) was used to characterise and purify DNA fragments. GeneRuler 

1kb DNA Ladder (Thermo Scientific) was used as reference. Samples were either pre-dyed in 

previous steps or prepared with 6x TriTrack DNA Loading Dye (Thermo Scientific) before 

loading. Electrophoresis was run at 115 V for 40 to 60 minutes. ChemiDoc™ (Bio-Rad) or a 

UV-board and mobile phone camera was used for imaging. 

SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel electrophoresis) with separation gel 

(375 mM Tris-HCl pH 8.8, 0.1% SDS, 0.05% ammonium peroxodisulfate, APS, 12% 

acrylamide), stacking gel (125 mM Tris-HCl pH 6.8, 0.1% SDS, 0.05% APS, 4% acrylamide) 

and a Tris-Glycine running buffer (25 mM Tris, 192 mM glycine, 0.1% SDS) was used for 

characterising proteins. Samples were prepared with 4x SDS-PAGE loading buffer (200 mM 

Tris-HCl pH 6.8, 400 mM DL-dithiothreitol, 8% SDS, 0.4% bromophenol blue, 40% 

glycerol), and Novex® Sharp Stained/Unstained Protein Standard (Invitrogen) was used as 

reference. Electrophoresis was run at 200 V, 250 mA and 150 W for 40 to 60 minutes. 

Proteins were visualised using fixation solution (30% EtOH, 2% phosphoric acid), staining 

solution (0.1% Coomassie Brilliant Blue R-250, 40% EtOH, 10% glacial acetic acid) and de-

staining solution (40% EtOH, 10% glacial acetic acid). Gels were stored in distilled water, 

dH2O. ChemiDoc™ (Bio-Rad) was used for imaging. Typical times for fixation, staining and 

de-staining were 15 minutes, 30 minutes and 2.5 hours respectively. 
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Vector (pETHis) plasmid preparation 
Approximately 46 ng of vector plasmid, pETHis, was transformed into DH5α. Cell culture 

was diluted twice to 1:10 and 1:100, and all three cultures were inoculated to LBamp agar 

plates and incubated overnight at 37°C. One colony from the 1:10 plate was inoculated in 5 

mL of LBamp and the tube was incubated at 37°C, 250 rpm, for 17 hours. The cell culture 

was pipetted to three 2 mL microcentrifuge tubes and centrifuged at 13,000 rpm for 3 

minutes. The supernatant was discarded. The plasmids were extracted from the cells using the 

GeneJET Plasmid Miniprep Kit (Thermo Scientific™) [15]. The pellets were pooled during 

the resuspend step and the elution was done with MilliQ water, MQ. The DNA concentration 

was measured using NanoDrop. 

Preparation of tyrosinase genes 
The full length tyrosinase gene sequence was ordered from ThermoFisher Scientific™ and 

was delivered in a plasmid, TyrV plasmid, as a lyophilized sample of 5 µg. A stock solution 

was prepared by resolving the sample in 40 µL of sterile MQ to a concentration of 125 ng/µL 

by first adding the MQ (pipetting along the tube walls), letting the tube sit for 20 minutes and 

then centrifuging it briefly to make sure all solution was in the bottom of the tube. 

A reverse primer adhering to the end of the core of the tyrosinase before the C-terminal, and 

adding a KpnI restriction site, was ordered from ThermoFisher Scientific™. The sequence 

was 5´d[TTTTTTGGTACCTTAAACTGCTTCACCGCTACCTGG]3’ with a molar weight, 

MW, of 10944.2 µg/µmole. A lyophilized sample of 259.58 µg was received and resolved in 

238 µL of MQ for a stock solution of 100 µM. The solution was vortexed briefly four times 

and left for 20 minutes at room temperature to dissolve the sample completely. A 5 µM 

reverse primer solution was prepared from the stock. 

The core tyrosinase gene sequence was synthesised using polymerase chain reaction, PCR. As 

forward primer a T7 Promoter Primer was used. The ThermoFisher Scientific™ Tm 

Calculator [16] was used to suggest an annealing temperature appropriate for the primers in 

conjunction with the Phusion High-Fidelity, HF, DNA Polymerase. The calculator suggested 

an annealing temperature of 55.9°C based on the calculated melting temperatures, Tm, of 

51.8°C (forward primer) and 70.6°C (reverse primer). 

5 µL of the TyrV plasmid stock solution was diluted 10 times for a 12.5 ng/µL TyrV plasmid 

solution. The PCR mix and reaction were set up according to Table 1 and Table 2 following 

the Thermo Scientific™ Phusion High-Fidelity DNA Polymerase Manual [17]: 

Table 1: Pipetting instructions for the core tyrosinase PCR reaction. Components were added in the order listed. 

Component Volume (µL) Final conc. 

Sterile MQ 27.5  

5x Phusion HF Buffer (Thermo Scientific™) 10 1x 

10 mM dNTPs (Invitrogen™) 1 200 µM each 

5 µM T7 Promoter Primer (Invitrogen™) 5 0.5 µM 

5 µM Core Tyrosinase Reverse Primer 5 0.5 µM 

12.5 ng/µL TyrV plasmid 1  

Phusion HF DNA Polymerase (Thermo Scientific™) 0.5 0.02 U/µL 

Total volume 50  
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Table 2: Core tyrosinase PCR cycling instruction. 

Cycle step Temp. Time Cycles 

Initial Denaturation 98°C 30 s 1 

Denaturation 

Annealing 

Extension 

98°C 

56°C 

72°C 

10 s 

30 s 

30 s 

25 

Final extension 72°C 10 min 1 

Cooling 20°C 1 min 1 

 

The expected length of the PCR product was calculated to 1062 bp. 5 µL PCR product was 

used for characterisation of size and amount with agarose gel electrophoresis. The PCR tube 

was stored at -20°C. 

After verification the PCR process was repeated in five parallel tubes. Preparation was done 

by mixing 6x of every component in Table 1 in one tube and then pipetting 50 µL from the 

bulk to five separate tubes. After PCR two of the samples were pooled with the first sample, 

the remaining three tubes were stored at -20°C. 

The pooled 145 µL of PCR product was prepared with loading dye and purified with agarose 

gel electrophoresis. The band with a size of approximately 1 kbp was cut out with a scalpel 

and the DNA, CoreTyr, was extracted using the GeneJET Gel Extraction kit (Thermo 

Scientific™) [18]. The DNA was eluted with a sequence of 25 and 10 µL MQ, concentration 

was measured with NanoDrop and the DNA was stored at -20°C. 

Cloning of genes in E. coli DH5α 
Figure 7 contains a flow chart giving an overview of the different steps used in the process of 

cloning the genes of full length tyrosinase and core tyrosinase using an ampicillin resistant 

pETHis vector and the E. coli strain DH5α. 
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Figure 7: Flow chart showing the different steps in the process of cloning the full length tyrosinase respectively the core 

tyrosinase gene in E. coli DH5α using an ampicillin resistant pETHis vector. 
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Restriction of genes and vector plasmid for ligation 

The genes and the vector plasmid were restricted using the FastDigest (Thermo Scientific™) 

restriction enzymes KpnI and SspI resulting in one sticky and one blunt end, Figure 8.

 

Figure 8: Schematic view of vector with one sticky (overlapping) and one blunt (straight) end. 

Restriction was made in two steps, the first step by digestion with the SspI enzyme and the 

second step with the KpnI enzyme. The 1.5 mL Eppendorf tubes with samples were kept on 

ice during preparation, and two tubes were prepared for all restrictions. The components for 

the first step were pipetted to the two tubes in the order and amount listed in Table 3. The 

solution was mixed by pipetting the total volume of 40 µL up and down twice, and then 

centrifuged briefly. The tubes were incubated at 37°C for 20 minutes. The SspI enzyme was 

inactivated by placing the tubes in water with a temperature of 65°C for 5 minutes after which 

the tubes were cooled on ice for 2 minutes. The components for the second step were added to 

each tube in the order and amount listed in Table 3. Mixing was done by pipetting 50 µL up 

and down twice before centrifuging briefly. The tubes were then incubated at 37°C for 

another 20 minutes. 

Table 3: Amount and order of components pipetted to two 1.5 mL Eppendorf tubes for the three separate restrictions. 

 Step 1 Step 2 

Restricted DNA 
TyrV plasmid 

(~125 ng/µL) 

Vector plasmid 

(~64.8 ng/µL) 

PCR CoreTyr 

(~94.3 ng/ µL) 

Sterile MQ 26.5 µL 19.5 µL 19.5 µL 7.5 µL 

10x FastDigest 

Green Buffer 

4.0 µL 4.0 µL 4.0 µL 1.0 µL 

DNA 8 µL (~1 µg) 15 µL (~0.5 µg) 15 µL (~1.4 µg) - 

FastDigest SspI 1.5 µL 1.5 µL 1.5 µL - 

FastDigest KpnI - - - 1.5 µL 

Total volume 40 µL 40 µL 40 µL 50 µL 

 

Directly after the second incubation the two digestion samples were pooled and the resulting 

100 µL of the restricted TyrV and vector genes were purified using agarose gel 

electrophoresis. The band corresponding to the expected size of the DNA fragment was cut 

out of the gel on a UV-table and was extracted using the GeneJET Gel Extraction Kit. The 

restricted PCR CoreTyr was extracted using the GeneJET Gel Extraction Kit without the gel 

electrophoresis step. All elutions were done with a sequence of 25 and 10 µL of MQ. 

Ligation of gene and vector 

The concentrations of the DNA segments were measured using NanoDrop and were 

converted into molar concentrations using the sizes of the segments. The components for the 

ligations were pipetted into a 200 µL PCR tube placed on ice in the amount and order found 
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in Table 4. Mixing was done by pipetting 15 µL up and down twice. The PCR tube(s) were 

incubated in 16°C (blunt end ligations require lower temperature and longer incubation). For 

the full length tyrosinase ligation (and its control) the incubation was done in a PCR unit for 6 

hours and then stored at -20°C over the weekend. The core tyrosinase ligation was started in a 

PCR unit for 3 hours and then continued in a shaker at 25 rpm for a total incubation time of 6 

hours before it was directly transformed into E. coli. 

Table 4: The amount of the components used in the different ligations. 

Component Full length 

tyrosinase ligation 

(pETHisTyrV) 

Full length 

tyrosinase ligation 

control (pETHis) 

Core tyrosinase 

ligation 

(pETHisCoreTyr) 

MQ - 9.5 µL 7.0 µL 

10x T4 DNA 

Ligation Buffer 

1.5 µL 1.5 µL 1.5 µL 

Vector 3 µL (~24 fmol) 3 µL (~24 fmol) 4 µL (~32 fmol) 

Insert 9.5 µL (~105 fmol) - 1.5 µL (~158 fmol) 

T4 DNA Ligase 1.0 µL 1.0 µL 1.0 µL 

Total 15 µL 15 µL 15 µL 

 

Transformation of plasmid into E. coli 

All 15 µL of ligation reagent was used for transformation into E. coli DH5α in the afternoon. 

After heat shock treatment the mixture of ligation reaction and DH5α competent cells was 

concentrated to 100 µL by centrifugation at 13,000 rpm for 2 minutes and dissolving the 

pellet in 100 µL LB. The dissolved mixture was spread on an LBamp agar plate and incubated 

at 37°C overnight (16-20 hours). 

Overnight growth for glycerol stock and restriction verification 

Five colonies from DH5α pETHisTyrV plate, one colony from DH5α pETHis control plate 

and 10 colonies from DH5α pETHisCoreTyr plate was inoculated in 5 mL LB with 

ampicillin. Tubes were marked C-1 through C-5, negative control and C-1 through C-10 and 

were incubated at 37°C, 250 rpm, overnight.  

200 µL of 40% autoclaved glycerol and 200 µL from each tube with overnight cell culture, 

except negative control, was pipetted to 1.5 mL Eppendorf tubes. Mixing was done by 

pipetting up and down three times. The cloning glycerol stocks were stored in -80°C. 

Verification of genes in clones of ligated plasmids using restriction enzyme digestion 

Recombinant plasmids were extracted from all the overnight culture tubes using the GeneJET 

Plasmid Miniprep Kit. 

Restriction enzymes BamHI and SspI having only one occurrence each in the recombinant 

plasmids, Figure 9, were used for verification of the genes. All inoculations taken from the 

cloning plates were restricted with both enzymes in one step (MQ 7.5 µL, BamHI 0.5 µL, 

SspI 0.5 µL, 10x Fast Digest Green Buffer 1.5 µL, DNA 5 µL) and the products were 

characterised using agarose gel electrophoresis. 



17 

 

 

  (a)              (b) 

Figure 9: Schematic view of recombinant plasmids with all occurrences of restriction sites BamHI and SspI marked. (a) 

Plasmid with full length tyrosinase gene inserted. (b) Plasmid with core tyrosinase gene inserted. Figure produced in 

SnapGene Viewer. 

Single colony streaking 

4 µL from glycerol stock of two clones, C-1 and C-2, of both DH5α pETHisTyrV and DH5α 

pETHisCoreTyr were inoculated to 2 mL LBamp. The tubes were incubated at 37°C, 250 

rpm, for 6 hours. 2 µL cell growth was pipetted to the periphery of an LBamp agar plate and 

was single streaked using five autoclaved toothpicks. The plates were incubated at 37°C for 

24 hours. 

 

Figure 10: Single streaking pattern. The numbers correspond to the order of streakings. 

One colony from each single streaking plate was inoculated to 2 mL LBamp. The tubes were 

incubated at 37°C, 250 rpm, for 4-6 hours. 10 µL from one tube was inoculated to 5 mL 

LBamp twice (2 tubes with 5 mL inoculated from each cell culture). Tubes were incubated at 

37°C, 250 rpm, overnight. 

The recombinant plasmid was extracted from all four tubes using the GeneJET Plasmid 

Miniprep Kit, with centrifugation after neutralisation extended to 8 minutes, and pooling the 

plasmid from the same original single colony when loading the column. Elution was done 

with 50 µL to one tube and 20 µL to a second tube. The DNA concentration was measured 

using NanoDrop. Recombinant plasmid from one of the tubes with a concentration between 

50 and 100 ng/µL was sent for sequencing. 

2 

3 

4 

5 

5 

1 
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Sequencing 

15 µL of recombinant plasmid solution with a measured (NanoDrop) DNA concentration 

between 50 to 100 ng/µL was sent to Eurofins Genomics for sequencing. T7 promotor was 

used as forward primer and T7 terminator as reverse primer. The resulting T7 terminator 

(reverse) sequence was reversed and ClustalW [19] was used to compare both this and the T7 

promotor (forward) sequence with the expected sequence of full length tyrosinase/core 

tyrosinase. The forward and reverse sequences were combined and ClustalW was again used 

for comparing with expected sequence. Only a 100% match with the combined sequence was 

classified as success. 

Small-scale expression of protein 
In Figure 11 a schematic overview over the different steps for small-scale expression of the 

full length tyrosinase gene in two different strains of E. coli BL21(DE3) at two different 

temperatures is shown. 

The sequenced pETHisTyrV C-1 plasmid was transformed into both BL21(DE3) and 

BL21(DE3) pLysS strains. Dilutions were made, and inoculation was done to LBamp agar 

plates. One single colony from each of the plates BL21(DE3) pETHisTyrV C-1 1:1 and 

BL21(DE3) pLysS pETHisTyrV C-1 1:100 was pre-grown in 5 mL of LB with antibiotics at 

37°C, 250 rpm, for 16 hours. The above pre-culture was inoculated, 1:100, in two flasks with 

30 mL of LB with antibiotics for expression and was incubated for growth at 37°C, 250 rpm. 

Optical density at 600 nm, OD600, was checked by pipetting a 1 mL sample from one of the 

flasks and with a 1 mL disposable plastic cuvette with an optical pathlength of 10 mm 

measuring the absorbance at 600 nm with LB as blank.  

At an OD600 of approximately 0.7 the culture was induced by adding 1 mM IPTG. Samples 

were also taken by pipetting 1 mL twice from each flask before adding IPTG to serve 

as -IPTG control. One of the flasks for each strain was incubated at 37°C, 250 rpm, the other 

at 30°C, 170 rpm. Samples were collected (2x 1 mL) from each flask after 3 h, 5 h and 

overnight growth. Samples were centrifuged at 10,000 rpm for 10 minutes at 4°C, supernatant 

was discarded, and the pellets were stored at -20°C.  

Evaluation of small-scale expression result 

One of each -IPTG, 3h, 5h and overnight samples for both 30°C and 37°C were taken from 

the freezer. 200 µL of buffer (100 mM Tris-HCl pH 8.0) was added to all samples. Pellets 

were dissolved by pipetting up and down and vortexing the tubes. 

For the -IPTG samples 16 µL was pipetted into 0.5 mL Eppendorf tubes and 2 µL buffer was 

added. For 3h, 5h and overnight samples 8 µL was pipetted along with 10 µL of buffer. 6 µL 

of 4x SDS-PAGE loading buffer was added to all tubes and mixing was done by pipetting up 

and down three times with 24 µL. Samples were heated in water bath at approximately 93°C 

for 5 minutes before electrophoresis. 10 µL of each sample and 6 µL of pre-stained protein 

standard was loaded to SDS-PAGE gels. After gel electrophoresis the gels were stained, and 

the result evaluated. 
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Figure 11: Flowchart showing the different steps in the process of small-scale expression of the full length tyrosinase gene in 

two different strains of E. coli at two different temperatures for evaluation of best conditions for large-scale expression. 

Transformed 

plasmid into two 

strains of 

BL21(DE3) 

Spread 

transformants on 

LBamp agar plates 

Inoculated single 

colony to 5 mL LB 

w antibiotics 

Incubated at 37°C 250 rpm overnight 

Incubated at 37°C 250 rpm overnight (16h) 

Inoculated 1:100 

in 30 mL LB w 

antibiotics in 2 

flasks each 

Took -IPTG 

control 2x1 mL 

from each flask 

Incubated at 37°C 250 rpm until OD   ̴0.7 

 Started 

expression by 

adding IPTG to all 

flasks 

Took 2x 1 mL 

sample at 3h, 5h 

and morning from 

each flask 

Incubated 1 flask BL21(DE3) w/wo pLysS at 

30°C 170 rpm, 1 flask at 37°C 250 rpm 

overnight 

Evaluated 

expression result 

with SDS-PAGE 



20 

 

Large-scale expression of proteins in BL21(DE3) pLysS 
One single colony was inoculated in 5 mL LBampChl. The tube was incubated at 37°C, 250 

rpm, for 6 hours. For the second step of pre-growth cell culture from the tube was inoculated 

1:100 in two flasks with 30 mL LBampChl. The flasks were incubated at 37°C, 250 rpm, 

overnight. 

The following morning the pre-culture was inoculated 1:100 in six 2L flasks with 700 mL of 

LBampChl. Once again, the flasks were incubated at 37°C, 250 rpm. OD600 was checked as 

above (1 mL was pipetted from one of the flasks using PIPETBOY) and when approaching 

0.7 1 mM IPTG was added to all flasks. The flasks were incubated at 37°C, 250 rpm, for 4 

hours of protein expression. 

Harvesting of the cells was done by centrifugation using six 250 mL centrifugal bottles, 8,000 

rpm for 10 minutes at 4°C. The contents from two flasks was distributed evenly in the six 

bottles and after centrifugation the supernatant was poured back into one of the flasks. The 

contents from two more flasks was distributed evenly once again, leaving the cell pellet on the 

bottom of the centrifugal bottles. The bottles were placed with the pellet outwards/upwards in 

the centrifuge to collect the next layer of pellet on top of the previous. In this way the cells 

from all six flasks were pelleted in three centrifugations. 

25 mL of supernatant was pipetted back into each of the six centrifugal bottles. Pellet was 

resolved by pipetting up and down. When completely resolved the solution from the bottles 

was pipetted to six 50 mL Falcon tubes. The Falcon tubes were centrifuged at 5,100 rpm for 

10 minutes at 4°C, the supernatant was discarded, and the tubes were stored at -80°C. 

Purification of proteins 
The buffers used for immobilised metal affinity chromatography, IMAC, are found in Table 

5. All buffers were stored at 4°C, separation and desalting was done in cold room. Outside the 

cold room everything was kept on ice. 

Table 5: Buffers used in IMAC purification of the expressed tyrosinases. 

Buffer Recipe 

Binding 100 mM sodium phosphate, 300 mM NaCl, 10 mM Imidazole, pH 8.0 

Wash 1 100 mM sodium phosphate, 300 mM NaCl, 30 mM Imidazole, pH 6.0 

Wash 2 100 mM sodium phosphate, 300 mM NaCl, 50 mM Imidazole, pH 6.0 

Wash 3 100 mM sodium phosphate, 300 mM NaCl, 100 mM Imidazole, pH 6.0 

Elution 1 100 mM sodium phosphate, 300 mM NaCl, 200 mM Imidazole, pH 6.0 

Elution 2 100 mM sodium phosphate, 300 mM NaCl, 300 mM Imidazole, pH 6.0 

  

Lysing 

One tube with pellet was taken from -80°C and put on ice. 30 mL binding buffer was pipetted 

to a 50 mL Falcon tube, DNAse-1 was added (final concentration 10 µg/mL) along with one 

tablet of cOmplete™, EDTA-free (Roche). The tube was flipped until the tablet was 

dissolved. 10 mL of the solution was added to the pellet and pipetted up and down until pellet 

was mainly dissolved. The cell slurry was poured into a homogeniser and the piston was 

slowly pulled up and down several times until homogeneity was achieved. The homogenised 

cell solution was poured back into the Falcon tube and more of the binding buffer with 
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DNAse-1 and protease inhibitor was added to a total volume of 25 mL. Mixing was done by 

pipetting up and down several times. 

Sonication, using a Vibra-Cell™ (Sonics) with a 6 mm probe, was done for 1-minute periods 

with 2 seconds ON, 2 seconds OFF and an amplitude of 70%. The cell solution was kept on 

ice during sonication and allowed to cool down between the 1-minute treatments (typical 2-5 

minutes). Sonication was repeated until the cell solution was satisfactory lysed. 

The lysed cell solution was poured into a 50 ml centrifugal tube and centrifuged at 13,000 

rpm for 1h at 4°C. The supernatant was poured back into the rinsed Falcon tube, the pellet 

was left in the centrifugal tube and stored in cold room for analysis. 1 mL of the lysate 

(supernatant) was pipetted to an Eppendorf and stored for analysis. 

IMAC separation 

Column was prepared by pipetting 3 mL Ni Sepharose™ 6 Fast Flow (GE Healthcare) slurry 

to an empty PD-10 (Amersham Biosciences) column. After sedimentation for 10 minutes the 

storage solution was allowed to flow through. The column was closed, 12 mL MQ was added 

to the column and mixed with the separation gel. After 5 minutes of sedimentation the MQ 

was allowed to flow through. The column was equilibrated by adding 12 mL of binding buffer 

twice in the same way as above. 

1-2 mL of binding buffer was added to the closed and equilibrated column, the column was 

shaken to a slurry and the slurry was poured into the Falcon tube with the cell lysate. The tube 

was incubated at 4°C on a shaker set to ~100 rpm for 1 hour. 

The lysate with the slurry was poured back into the closed column. Some binding buffer was 

added to the Falcon tube to rinse out all gel. The column was opened and the flow through 

collected in a clean 50 mL Falcon tube and stored at 4°C for analysis. The column volume, 

CV, of the gel was found to be 2 mL. Washing was done by slowly pipetting 5 CV of washing 

buffer to the column, without disturbing the gel. Different washing protocols was used, and 

the flow through saved for analysis. Elution was done in one or two steps with 5 CV of 

elution buffer(s) and the elute saved for analysis. 

The column was washed with 4x 5 CV of MQ followed by 2x 5 CV of 20% EtOH. The 

column was closed and 1 mL 20% EtOH pipetted on the top of the gel. The column was 

covered with parafilm and stored at 4°C. 

Desalting 

50-100 µL of the eluates were saved for analysis. Eluate(s) were concentrated to a maximum 

of 2.5 mL (maximum volume for desalting column) using a 10 kDa Amicon® Ultra-15 

centrifugal filter and a swinging-bucket rotor centrifuge set to 4,000 x g. Centrifugation was 

done at 4°C for 10 to 30 minutes. The filter was first washed with 2 mL MQ. After use the 

filter was washed with dH2O and stored in 20% EtOH in the cold room. 

The concentrate was pipetted from the filter to an Eppendorf/Falcon tube depending on the 

remaining volume. 50-100 µL of the concentrate was saved for analysis. 

The pre-packed desalting column PD-10 (Amersham Biosciences) was equilibrated with 

approximately 27 mL of 100 mM Tris-HCl pH 8 (the column was filled 5 times and the buffer 

allowed to flow through). The column was closed, the amount of the sample to desalt was 

measured and then pipetted to the column. The column was opened, and the sample allowed 
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to enter the packed bed (the flow through was discarded). Buffer adjusting the loading volume 

to exactly 2.5 mL was added and allowed to enter the packed bed (the flow through was 

discarded). A 10 mL Falcon tube was placed under the column and the desalted sample was 

eluted with exactly 3.5 mL of buffer. 

Trypsination 

Desalted full length tyrosinase (~3.5 mL) was concentrated using a 30 kDa Amicon® Ultra-

15 centrifugal filter and a swinging-bucket rotor centrifuge set to 4,000 x g. Centrifugation 

was done at 4°C for 10 minutes. 10 µg trypsin (from 1 mg/mL stock solution in 1 mM HCl) 

was added and a final volume of 1 mL made up with 100 mM Tris-HCl (pH 8). The sample 

was incubated at room temperature at low shaking for 18 hours.  

Analysis of purification by SDS-PAGE 

5 µL of lysate and flow through was diluted 1:10 in binding buffer. A pipett tip of pellet was 

resuspended in 300 µL of binding buffer. Mixing was done by pipetting up and down. 

Samples for loading to SDS-PAGE were prepared in 0.5 mL Eppendorf according to Table 6 

and Table 7. 10 µL of each sample was loaded and 6 µL of unstained protein standard. After 

gel electrophoresis the gels were stained, and the result evaluated. 

Table 6: The amount of sample, binding buffer and loading buffer mixed for loading to the SDS-PAGE gel for the full length 

tyrosinase purification analysis. 

 Sample Binding buffer Loading buffer 

Lysate 1:10 18 µL - 6 µL 

Flow through 1:10 18 µL - 6 µL 

1st wash 18 µL - 6 µL 

2nd wash 18 µL - 6 µL 

Eluate 18 µL - 6 µL 

Concentrated eluate 9 µL 9 µL 6 µL 

Pellet 9 µL 9 µL 6 µL 

 

Table 7: The amount of sample, binding buffer and loading buffer mixed for loading to the SDS-PAGE gel for the core 

tyrosinase purification analysis. The trypsinated full length tyrosinase and for reference the concentrated elution of the full 

length tyrosinase was loaded to the same gel. 

 Sample Binding buffer Loading buffer 

Pellet 9 µL 9 µL 6 µL 

Lysate 1 1:10 18 µL - 6 µL 

Lysate 2 1:10 18 µL - 6 µL 

1st wash 18 µL - 6 µL 

2nd wash 18 µL - 6 µL 

3rd wash 18 µL - 6 µL 

Eluate 1 18 µL - 6 µL 

Eluate 2 18 µL - 6 µL 

Concentrated eluate 

full length tyrosinase 

9 µL 9 µL 6 µL 

Trypsinated 

tyrosinase 

9 µL 9 µL 6 µL 

 



23 

 

Characterisation 

Copper reconstitution 

Concentrated desalted core tyrosinase (~3.5 mL) as above using a 10 kDa Amicon® Ultra-15 

centrifugal filter and centrifuging for 14 minutes. The protein concentration was measured 

using NanoDrop Protein A280 (default setting 1 Abs = 1 mg/mL) for both trypsinated 

tyrosinase and concentrated core tyrosinase, and the molar concentration was calculated using 

a MW of 36638. CuSO4 in a 3-fold molar excess, giving a sufficiently high for saturation of 

the enzyme, was mixed with the sample in final volume of 1 mL 10 mM Tris-HCl (pH 8). The 

samples were incubated on ice for 2 hours. Each sample was dialysed against 500 mL 10 mM 

Tris-HCl pH 8 at 4°C for 18 hours. The reconstitution results in the holo version of the 

enzyme. 

Activity assay 

Tyrosinase activity was measured by monitoring the production of DOPAchrome [20], 

Figure 12,  at 475 nm using a UV/Vis spectrophotometer, 1 mL quartz glass cuvettes with an 

optical pathlength of 10 mm and a molar extinction coefficient of 3600 M-1∙cm-1 . Reagents 

according to Table 8 were pipetted into the cuvette, enzyme added last. The cuvette was 

directly covered with parafilm and the solution was mixed by rapidly inverting the cuvette 6-8 

times. The cuvette was wiped, placed into the spectrophotometer and a 60 second time course 

at 30°C was recorded. A cuvette with all reagents except enzyme was used as a reference. 
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Figure 12: DOPAchrome formation from tyrosine or DOPA. Figure produced in ChemSketch. 

Table 8: Reagents, concentrations and volumes for visualising tyrosinase activity by measuring DOPAchrome formation with 

spectrophotometry. 

Reagent Stock Volume Final concentration 

Buffer (potassium 

phosphate pH 6.8) 

100 mM 250 µL 25 mM 

L-DOPA/L-Tyrosinase 10 mM 100 µL 1 mM 

CuSO4 (for Apo enzymes) 1 mM 10 µL 0.01 mM 

Enzyme (core/trypsinated 

tyrosinase) 

Variable Variable Variable 

dH2O - Variable - 

Total  1000 µL  
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Protein quantification 

Protein concentrations for the purification steps were quantified using the Bradford method in 

a 96-well plate. 200 µL of Protein Assay Dye Reagent (Bio-Rad) was added to the wells 

followed by 10 µL of dH2O, standard or sample. Bovine Serum Albumin, BSA, with 

concentrations 0.02, 0.05, 0.1, 0.15, 0.2 and 0.3 mg/mL were used as standards. Standards 

were loaded in triplicates, samples in duplicates. After mixing the plate was incubated in dark 

for 10 minutes before reading the absorbance at 595 nm in a UV/Vis plate reader. 

Results 

Preparation of Recombinant Tyrosinase 

Core tyrosinase insert 

The result of the first agarose gel electrophoresis verifying size and amount is shown in 

Figure 13 (a). The length of the core tyrosinase PCR product was found to be somewhat 

longer than 1 kbp, calculated size was 1062 bp, and the amount was approximately 12 ng/µL. 

The result of the second agarose gel electrophoresis used for gel extraction of the PCR 

product is shown in Figure 13 (b). The NanoDrop measurement of the extracted DNA 

resulted in a concentration of 94.3 ng/µL (A-260/A-280 1.86). 

  

 (a)   (b) 

Figure 13: (a) Gel electrophoresis of 5 µL core tyrosinase PCR product for size and amount determination. Some 

of the ladder DNA leaked over into the PCR product well. (b) Gel electrophoresis of 145 µL core tyrosinase 

PCR product for gel extraction of the DNA. 5 µL GeneRuler 1 kb DNA Ladder to the right in both (a) and (b). 

Full length tyrosinase insert 

The agarose gel electrophoresis resulted in several visible bands, no picture, since the 

delivered TyrV plasmid contained three SspI restriction sites and one KpnI. The band with an 

approximate size of 1.5 kbp was cut out, expected size of full length tyrosinase insert was 

1452 bp. The NanoDrop measurement of the extracted DNA resulted in a concentration of 10 

ng/µL (A-260/A-280 4.15). 

--1 kbp 

--2 kbp --1 kbp 

--2 kbp 
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pETHis vector restriction 

A picture of the gel containing the agarose gel electrophoresis result of the restricted pETHis 

vector plasmid is presented in Figure 14. The upper band had a size of between 4000 and 

5000 bp. The expected size of the restricted plasmid was 4728 bp. The NanoDrop 

measurement of the extracted DNA resulted in a concentration of 23.5 ng/µL (A-260/A-280 

2.27). 

 

Figure 14: Gel electrophoresis of 100 µL restricted vector for gel extraction of the DNA with an upper band of a 

size between 4000 and 5000 bp. 5 µL GeneRuler 1 kb DNA Ladder to the right. 

Ligation of gene and vector 

The concentrations of the DNA fragments measured using NanoDrop, the size of the DNA 

fragments and the corresponding molar concentrations are found in Table 9.  

Table 9: Measured concentration using NanoDrop, size and calculated molar concentration for the DNA segments used in 

ligations. 

DNA segment Measured 

concentration 

Size of DNA 

segment 

Calculated 

concentration 

Full length tyrosinase 

insert 

~10 ng/µL 1460 bp ~11.08 fmol/µL 

Core tyrosinase insert ~60.7 ng/µL 977 bp ~100.5 fmol/µL 

Restricted vector ~23.5 ng/µL 4728 bp ~8.04 fmol/µL 
 

Verification of genes in clones of ligation product plasmids using restriction enzyme digestion 

NanoDrop readings for the clones of ligation product plasmids stored in -20°C are found in 

Table 10. For the clones of pETHisCoreTyr the concentration was measured for C-1 and C-3 

only. 

--1 kbp 

--2 kbp 
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Table 10: Results from NanoDrop measurements of plasmids replicated or cloned in DH5α. 

Plasmid Absorbance 

(λ=260 nm) 

Absorbance 

(λ=280 nm) 

A-260/A-280 Concentration 

pETHis vector 1.269 0.665 1.95 64.8 ng/µL 

pETHisTyrV C-1 0.600 0.304 1.97 30.0 ng/µL 

pETHisTyrV C-2 0.619 0.327 1.89 31.0 ng/µL 

pETHisTyrV C-3 0.696 0.398 1.75 34.8 ng/µL 

pETHisTyrV C-4 1.949 1.035 1.88 97.4 ng/µL 

pETHisTyrV C-5 0.657 0.367 1.79 32.9 ng/µL 

pETHisCoreTyr C-1 0.745 0.401 1.86 37.3 ng/µL 

pETHisCoreTyr C-3 1.803 0.989 1.82 90.2 ng/µL 

 

Pictures of the result of the agarose gel electrophoresis are found in Figure 15. All five 

inoculations, C-1 through C-5, for the full length tyrosinase plasmid were found to contain the 

expected tyrosinase gene fragment of ~320 bp. For the core tyrosinase plasmid inoculations 

C-1 through C-7 and C-10 were found to contain the expected gene fragments. 

  

(a)    (b) 

Figure 15: The result of gel electrophoresis in agarose gel with gelRed for restriction using enzymes BamHI and SspI for the 

clones of recombinant plasmid containing (a) full length tyrosinase, pETHisTyrV, and (b) core tyrosinase, pETHisCoreTyr. 

The loading order in (a) lanes 1-5 are pETHisTyrV C-1 through C-5, and lane 8 is pETHis ligation control without insert. 

The loading order in (b) lanes 1-5 are pETHisCoreTyr C-1 through C-5, and lanes 7-11 are pETHisCoreTyr C-6 through C-

10. GeneRuler 1 kb DNA ladder used as marker (M). Expected size of the restricted tyrosinase gene fragment was ~320 bp. 

Single streaking and sequencing 

First try of inoculation of one single colony from the single streaking of DH5α pETHisTyrV 

C-1 and C-2 into 5 mL of LBamp with incubation at 37°C, 250 rpm, for 16 hours resulted in 

too low concentration for sequencing. The protocol was adjusted to the one described in the 

methods section and applied for both DH5α pETHisTyrV C-1/C-2 and DH5α pETHisCoreTyr 

C-1/C-2. The results from the NanoDrop concentration measurements of the extracted 

plasmids are found in Table 11.  

1    2   3    4    5   M    7    8    1    2    3    4    5    M 

7    8    9   10  11   M 
--500 bp 

--250 bp 

 

--500 bp 

--250 bp 

--500 bp 

--250 bp 
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Plasmid from pETHisTyrV S-1 and pETHisCoreTyr S-1 was sent for sequencing. The 

sequencing result from pETHisTyrV S-1 was a 100% match, the plasmid was then used for 

small scale expression of the full length tyrosinase in BL21(DE3) and BL21(DE3) pLysS. 

The A-260/A-280 for the 1st eluates of pETHisCoreTyr S-1/S-2 was low, Table 11, indicating 

the DNA was not very pure (contaminated by proteins), and the sequencing did not result in 

any sequences to analyse. Due to a tight time schedule no new single streaking was done, 

instead plasmid from the pETHisCoreTyr C-3, found to have a high enough concentration, 

was directly sent for sequencing. This sequencing resulted in a 100% match and the 

pETHisCoreTyr C-3 plasmid was used for large-scale expression of core tyrosinase. 

Table 11: Results from NanoDrop measurements of plasmids isolated from DH5α grown from single streaking of glycerol 

stock of DH5α pETHisTyrV C-1/C-2 and DH5α pETHisCoreTyr C-1/C-2. 

Plasmid Absorbance 

(λ=260 nm) 

Absorbance 

(λ=280 nm) 

A-260/A-280 Concentration 

pETHisTyrV S-1 1st 

eluate (~50 µL) 

1.303 0.751 1.74 65.0 ng/µL 

pETHisTyrV S-1 2nd 

eluate (~20 µL) 

0.287 0.183 1.57 14.4 ng/µL 

pETHisTyrV S-2 1st 

eluate (~50 µL) 

0.858 0.507 1.69 42.9 ng/µL 

pETHisTyrV S-2 2nd 

eluate (~20 µL) 

0.236 0.143 1.65 11.8 ng/µL 

pETHisCoreTyr S-1 

1st eluate (~50 µL) 

1.064 0.691 1.54 53.2 ng/µL 

pETHisCoreTyr S-1 

2nd eluate (~20 µL) 

0.368 0.194 1.90 18.4 ng/µL 

pETHisCoreTyr S-2 

1st eluate (~50 µL) 

0.966 0.627 1.54 48.3 ng/µL 

pETHisCoreTyr S-2 

2nd eluate (~20 µL) 

0.202 0.095 2.12 10.1 ng/µL 

 

Small-scale expression of gene in two types of E. coli BL21(DE3) 
The E. coli BL21(DE3) competent cells used were found to be not competent. Only two 

colonies were growing on the undiluted BL21(DE3) pETHisTyrV plate and no colony on the 

1:10 dilution. All three plates inoculated with BL21(DE3) pLysS contained colonies. One of 

the two colonies for BL21(DE3) was inoculated for small scale growth and two colonies from 

the 1:100 dilution plate for BL21(DE3) pLysS. Since the plates for BL21(DE3) pLysS by 

mistake did not contain chloramphenicol one colony was inoculated in LB with only 

ampicillin and the other in LB with both ampicillin and chloramphenicol. Both colonies were 

found to grow, inoculation into 30 mL was done from the tube with both ampicillin and 

chloramphenicol, and both ampicillin and chloramphenicol was added to the flask.  

Expression was started at an of OD600 of 0.937. During the preparation of the samples for 

SDS-PAGE the samples from BL21(DE3) were found to dissolve easily, whereas the samples 

from BL21(DE3) pLysS had to be much more processed and still did not dissolve completely. 

The results from the SDS-PAGE of the small-scale expression samples are found in Figure 

16. The expected size of the expressed full length tyrosinase with the 6xHis-tag was 
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approximately 55 kDa, calculated using ProtParam through the ExPasy server [21]. The 

expression in BL21(DE3) pLysS was found to be significantly better than in BL21(DE3). 

Expression in 37°C seemed to give higher yield, but 3 hours, 5 hours or overnight growth did 

not make any big visual difference. It was decided to use BL21(DE3) pLysS, growth at 37°C 

for 4 hours of induction, for scaling up. 

 

            (a)                           (b) 

Figure 16: SDS-PAGE for full length tyrosinase with 6xHis-tag, ~55 kDa, expressed in (a) BL21(DE3) and (b) BL21(DE3) 

pLysS. Lanes 1-4 are 37°C: -IPTG, 3h, 5h, overnight, lanes 6-9 are 30°C: overnight, 5h, 3h, -IPTG. Novex® Sharp Stained 

Protein Standard used as marker (M). 

Large scale expression and purification 
The BL21(DE3) pLysS pETHisTyrV plate 1:100 used for small scale inoculation was found 

to be contaminated. One colony from the 1:10 plate was inoculated for pre-growth for large-

scale expression of full length tyrosinase. For large-scale expression of core tyrosinase the 

pETHisCore C-3 plasmid diluted 1:2 was first transformed into BL21(DE3) pLysS and 

inoculated to LBampChl agar plates as native, 1:10 and 1:100 dilutions. One colony from the 

1:100 plate was used for the pre-growth for core tyrosinase expression. 

Full length tyrosinase 

IPTG was added at an OD600 of 0.673 (after 3 hours of incubation). Sonification was done 8 

times. 1st wash during purification was done with 30 mL (3x 5 CV) of Wash 1 buffer (30 mM 

Imidazole), 2nd wash was done with 30 mL (3x 5 CV) of Wash 2 buffer (50 mM Imidazole). 

Elution was done with 10 mL (5 CV) Elution 2 buffer (300 mM Imidazole) and the 10 mL of 

eluate was concentrated to 1 mL for desalting using a 10 kDa centrifugal filter. The SDS-

PAGE result of the purification steps is found in Figure 17. The purification table 

summarising the enzyme purification steps is found in Table 12. 

60 - 

50 - 

 1     2    3    4           M   6     7           8     9   M       1       2      3      4     M     6      7      8      9 
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Figure 17: SDS-PAGE for purification of full length tyrosinase with 6xHis-tag, ~55 kDa, expressed in large-scale in 

BL21(DE3) pLysS. Lanes 1-4 are lysate 1:10, flow through 1:10, 1st wash, 2nd wash, lanes 6-8 are concentrated eluate, eluate 

and pellet. Novex® Sharp Unstained Protein Standard used as marker (M). 

Table 12: Purification table for full length tyrosinase. Protein concentration was measured using the Bradford method in a 

96-well microtiter plate. Enzyme activity was measured with spectrophotometry following the DOPAchrome formation, 

λmax=475 nm, in a 25 mM potassium phosphate buffer (pH 6.8) with L-DOPA as substrate. 

Step Protein conc Protein amount Enzyme 

activity 

Specific 

activity 

Lysate1 5.2 mg/mL 130 mg Not measurable Not measurable 

Eluate1,2 0.18 mg/mL 1.8 mg 0.19 U/mL 1.1 U/mg 

Concentrated 

eluate1,2 

0.82 mg/mL 0.82 mg 0.55 U/mL 0.67 U/mg 

Holo trypsinated 

enzyme 

0.31 mg/mL 0.31 mg 9.2 U/mL 

8.93 U/mL 

30 U/mg 

293 U/mg 
1 0.01mM CuSO4 in assay mixture 
2 one measurement only for activity assay 
3 3 weeks after purification, enzyme stored at 4°C 

1 U (unit) is defined as the enzyme activity where 1 µmol DOPAchrome is produced per minute. 

Core tyrosinase 

IPTG was added at an OD600 of 0.651 (after 3 hours of incubation). One of the 6 flasks was 

discarded during expression due to the risk of contamination. Lysate after 5 sonifications was 

found to be lighter than expected. A second lysing was done with 4 sonifications, 

centrifugation was done with 18,000 rpm for 20 minutes. 1 mL of each lysate was saved for 

analysis and the rest was pooled for purification. 1st wash during purification was done with 

30 mL (3x 5 CV) of Wash 2 buffer (50 mM Imidazole), 2nd wash was done with 10 mL (5 

CV) of Wash 3 buffer (100 mM Imidazole), 3rd wash was a repetition of the 2nd wash. First 

elution was done with 10 mL (5 CV) Elution 1 buffer (200 mM Imidazole) followed by a 

second one with 10 mL (5 CV) Elution 2 buffer (300 mM Imidazole). 100 uL from each 

eluate was saved for analysis the rest of the 20 mL of eluates were pooled and concentrated to 

2.5 mL for desalting using a 10 kDa centrifugal filter. The SDS-PAGE result of the 

purification steps is found in Figure 18. The purification table summarising the enzyme 

purification steps is found in Table 13. 
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Figure 18: SDS-PAGE for purification of core tyrosinase with 6xHis-tag, ~38 kDa, expressed in large-scale in BL21(DE3) 

pLys S. Lanes 1-6 are pellet, 1st lysate 1:10, 2nd lysate 1:10, 1st wash, 2nd wash, 3rd wash, lanes 8-9 are 1st eluate and 2nd 

eluate. The two last lanes 10-11 are concentrated eluate from the full length tyrosinase purification and trypsinated full 

length tyrosinase. Novex® Sharp Unstained Protein Standard used as marker (M). 

Table 13: Purification table for core tyrosinase. Protein concentration was measured using the Bradford method in a 96-well 

microtiter plate. Enzyme activity was measured with spectrophotometry following the DOPAchrome formation, λmax=475 nm, 

in a 25 mM potassium phosphate buffer (pH 6.8) with 1 mM L-DOPA as substrate. 

Step Protein conc Protein 

amount 

Enzyme 

activity 

Specific 

activity 

Yield 

Lysate1,2 2.8 mg/mL 70 mg 3.3 U/mL 1.2 U/mg 100% 

Eluate1 0.15 mg/mL 3.0 mg 8.1 U/mL 54 U/mg 190% 

Concentrated 

eluate1 

1.2 mg/mL 3.0 mg 32 U/mL 26 U/mg 93% 

Desalted eluate1 0.42 mg/mL 1.5 mg 7.3 U/mL 17 U/mg 31% 

Holo core 

tyrosinase 

80 µg/mL 0.24 mg 17 U/mL 

153 U/mL 

213 U/mg 

1843 U/mg 

61% 

1 0.01mM CuSO4 in assay mixture 
2

 1st lysate only 

3 3 weeks after purification, enzyme stored at 4°C 

1 U (unit) is defined as the enzyme activity where 1 µmol DOPAchrome is produced per minute. 

Characterisation 
The specific activity of the purified holo core and holo trypsinated enzymes was determined 

by measuring the formation of DOPAchrome, initial linear rate, from both L-DOPA and L-

tyrosine (Figure 19 and Table 14). The holo core tyrosinase sample had precipitated during 

dialysis and was therefore diluted with 2 mL of 10 mM Tris-HCl pH 8. 1 mL of the diluted 

sample was centrifuged at 13,000 rpm for 3 minutes before measuring activity. As a control, 

activity was measured for the apo versions of the enzymes with L-DOPA as substrate. No 

activity could be detected for the apo enzymes in any of the purification steps. 
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Table 14: Characterisation of produced tyrosinases measuring DOPAchrome formation using 1mM L-DOPA and L-tyrosine 

as substrates. 

 L-DOPA L-tyrosine 

Enzyme Activity 

(µmol/min∙mL) 

Specific 

activity 

(µmol/min∙mg) 

Activity 

(µmol/min∙mL) 

Specific 

activity 

(µmol/min∙mg) 

Holo trypsinated 

tyrosinase 

9.2  30  39 

 

130 

Apo tyrosinase n.d. n.d. Not measured Not measured 

Holo core 

tyrosinase 

17 213 79 990 

Apo core 

tyrosinase 

n.d. n.d. Not measured Not measured 

n.d = not detected 

 

 

Figure 19: Dopachrome formation with L-DOPA or L-tyrosine as substrate. Grey spectrum is holo core tyrosinase with L-

DOPA as substrate, yellow spectrum is the same setup with L-tyrosin as substrate. Blue spectrum is holo trypsinated 

tyrosinase with L-DOPA as substrate, and orange spectrum with L-tyrosin. Absorbance was measured at 475 nm in 25mM 

potassium phosphate buffer (pH 6.8) with 1 mM of either L-DOPA or L-tyrosine. 

Discussion 
The small-scale expression of the full length tyrosinase clearly indicated in the advantage of 

using BL21(DE3) pLysS compared to BL21(DE3), and somewhat in the favour of 37°C 

compared to 30°C. The large-scale expression of core tyrosinase in BL21(DE3) pLysS was a 

success with a sharp and dark band of protein at the expected size of the core tyrosinase in 

both eluates. A dark band of the same size was present also in the three washes, especially the 

2nd and 3rd, indicating that the purification could be optimized further to increase the yield. 

Even the pellet contained a dark band indicating that more sonication probably would give a 

higher yield, BL21(DE3) pLysS is known to be difficult to lysate. Heterologous expression of 

proteins can sometimes result in aggregation of the protein into insoluble cellular precipitates 
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of inactive protein, so called inclusion bodies, but this mainly concerns eukaryotic proteins. 

Activity measurements also confirmed the core tyrosinase to be highly active wherefore 

inclusion bodies in the pellet seems less likely. 

Large-scale expression of full length tyrosinase in BL21(DE3) pLysS was not as successful as 

the core tyrosinase. A band, matching protein of approximately the size of full length 

tyrosinase, was found in the eluate as well as the concentrated eluate but not at as high 

concentration as expected. No clearly visible band was found in either the lysate, the flow 

through or the two washes. Activity measurements though confirmed the presence of the full 

length tyrosinase at some extent in the lysate as well as the eluate, the concentrated eluate and 

as expected most evidently in the holo trypsinated tyrosinase. This experiment must be 

repeated to draw any conclusion of exactly what did not work out. It was not the same colony 

as was used for the small-scale expression, and one obvious problem is that the colonies were 

taken from a plate missing the chloramphenicol needed for the pLysS plasmid to be 

reproduced properly. The observation that the cells did not act as containing the pLysS 

plasmid during lysis further support this. 

The specific activity for the holo core tyrosinase towards L-DOPA, 213 µmol 

DOPAchrome∙min-1∙mg protein-1 was, despite some precipitation, in the same range as 

previously reported activity for V. spinosum core tyrosinase, 230 µmol 

DOPAchrome∙min-1∙mg protein-1. This suggests the one step purification by IMAC used in 

this work results in the same purity as the three steps performed in the previous study. [8] 

Activity measurements were performed with the 6xHis tag still attached to the N-terminus of 

the protein, indicating no obvious negative impact on enzyme activity. The specific activity of 

the holo trypsinated tyrosinase, 30 µmol DOPAchrome∙min-1∙mg protein-1, was much lower 

than previously reported for V. spinosum trypsinated pro-tyrosinase, 565 µmol 

DOPAchrome∙min-1∙mg protein-1 [8],but the expression was considerably lower in this case 

and the tyrosinase did not attain the same purity by one single chromatographic step. As 

suggested in previous studies [8], the C-terminal extension in the full length tyrosinase was 

found to have a purely inhibitory function. The successful recombinant expression of V. 

spinosum core tyrosinase achieved here implicates the C-terminal is not needed under these 

conditions. 

The stability of the V. spinosum core tyrosinase was found to be beyond expectation. No data 

has been found in the literature regarding stability of purified holo enzyme after storage at 

4°C, merely unusual stability to denaturing agents [22]. In this project it was found that after 3 

weeks storage (10 mM Tris-HCl) in cold room 86% of the enzyme activity was preserved. 

Conclusion 
The full length and core tyrosinases were successfully expressed and purified from E. coli 

with a simple and cost-effective method. The purity and the specific activity was significantly 

higher for the core tyrosinase. The activity of the purified core tyrosinase enzyme was well 

preserved even at storage in 4°C. 
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Appendices 

Raw data for quantification of protein amount using the Bradford method 
Table 15: Raw data for spectrophotometrical readings of replicates for blank and standards used for quantification of 

protein amounts with the Bradford method. 

Standard Replicate 1 Replicate 2 Replicate 3 

Blank 0.27051 0.3032 0.2968 

0.02 mg/mL 0.30031 0.3521 0.3410 

0.05 mg/mL 0.33171 0.4138 0.3588 

0.1 mg/mL 0.40001 0.4403 0.4390 

0.15 mg/mL 0.43041 0.5026 0.4859 

0.2 mg/mL 0.49721 0.5591 0.5318 

0.3 mg/mL 0.54931 0.7107 0.6236 
1First replicates of blank and standards found to be significantly lower (p=0.05) compared to the mean value of replicates 2 

and 3 and was discarded. 

Table 16: Raw data for spectrophotometrical readings of replicates for full length tyrosinase samples used for quantification 

of protein amounts with the Bradford method. 

Full length tyrosinase 

sample 

Replicate 1 Replicate 2 

Lysate 1:10 0.93681 0.8541 

Lysate 1:50 0.4481 0.4366 

Flow through 1:10 0.94971 0.88901 

Flow through 1:50 0.4683 0.4121 

Wash 1 1:10 0.3724 0.3535 

Wash 2 0.4025 0.3698 

Eluate 1:10 0.3718 0.3611 

Concentrated eluate 1:10 0.6150 0.5768 

Concentrated eluate 1:50 0.3459 0.3430 

Holo trypsinated enzyme 1:5 0.3924 0.3987 
1Value outside range of standard readings. 

Table 17: Raw data for spectrophotometrical readings of replicates for core tyrosinase samples used for quantification of 

protein amounts with the Bradford method. 

Core tyrosinase sample Replicate 1 Replicate 2 

Lysate 1 1:10 0.6497 0.6385 

Lysate 1 1:50 0.3726 0.4007 

Flow through 1:10 0.6019 0.6092 

Flow through 1:50 0.4854 0.3697 

Wash 1 1:10 0.32261 0.33781 

Wash 2 0.4270 0.4527 

Wash 3 0.3801 0.4083 

Eluate 1 0.4924 0.4181 

Eluate 2 0.5500 0.5200 

Concentrated eluate 1:10 0.4623 0.96342 

Desalted 1:10 0.3909 0.3562 

Holo enzyme 1:10 0.3455 0.32451 
1Value outside range of standard readings. 
2 large air bubble on surface and out of range 
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Raw data for activity measurements 
Table 18: Difference in absorbance over linear range, linear range, dilution and volume used in 1000 µL total assay mixture 

for the activity measurement for the purification steps of the full length tyrosinase. 

Sample dAbs Linear range Dilution Volume 

Eluate1,2 0.0208 0-60 sec 1:1 30 µL 

Concentrated eluate1,2 0.0395 0-60 sec 1:1 20 µL 

Holo trypsinated 

enzyme 

0.1735 

0.1633 

0.1594 

0-60 sec 1:1 5 µL 

Holo trypsinated 

enzyme 3 weeks after 

purification 

0.1631 

0.1542 

0.1703 

0.1523 

0-60 sec 1:1 5 µL 

Holo trypsinated 

enzyme with L-tyrosine 

as substrate 

0.2834 

0.2868 

0.2808 

0.2843 

10-50 sec 1:10 30 µL 

1 0.01mM CuSO4 in assay mixture 
2 one measurement only 

Table 19: Difference in absorbance over linear range, linear range, dilution and volume used in 1000 µL total assay mixture 

for the activity measurement for the purification steps of the core tyrosinase. 

Sample dAbs Linear range Dilution Volume 

1st lysate1 0.2389 

0.2355 

0.2406 

20-60 sec 1:1 30 µL 

Eluate1 0.1461 

0.1388 

0.1503 

0-60 sec 1:1 5 µL 

Concentrated eluate1 0.1202 

0.1062 

0.1141 

0-60 sec 1:10 10 µL 

Desalted eluate1 0.0663 

0.1090 

0.0821 

0.0917 

40-60 sec 1:1 10 µL 

Holo core tyrosinase 0.1791 

0.1893 

0.1840 

0-60 sec 1:10 30 µL 

Holo core tyrosinase 3 

weeks after 

purification 

0.1512 

0.1560 

0.1650 

0.1620 

0-60 sec 1:10 30 µL 

Holo core tyrosinase 

with L-tyrosine as 

substrate 

0.3606 

0.3521 

0.3561 

0.3584 

0-50 sec 1:10 15 µL 

1 0.01mM CuSO4 in assay mixture 
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DNA and amino acid sequence for V. spinosum full length tyrosinase 
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481 

ttt ttt aat att gcc aag tac cac cgc ctg aat ctg cag aat ccg gca gca gca ccg ttt 

 F   F   N   I   A   K   Y   H   R   L   N   L   Q   N   P   A   A   A   P   F   

          SspI 

 

ctg gaa agc tac aaa aaa gca att acc gtg atg ctg cag ctg cct ccg agt gat gca cgt  

 L   E   S   Y   K   K   A   I   T   V   M   L   Q   L   P   P   S   D   A   R   

 

aat tgg tat cgt aat gca ttt att cac acc ctg gat tgt ccg cat ggt aat tgg tgg ttt  

 N   W   Y   R   N   A   F   I   H   T   L   D   C   P   H   G   N   W   W   F   

 

gtt gtt tgg cat cgt ggt tat acc ggt tgg ttt gaa cgt acc gtt cgt gaa ctg agc ggt  

 V   V   W   H   R   G   Y   T   G   W   F   E   R   T   V   R   E   L   S   G   

 

gat ccg aat ttt gca ttt ccg tat tgg gat tgg acc gca ctg ccg cag gtt ccg gat agc  

 D   P   N   F   A   F   P   Y   W   D   W   T   A   L   P   Q   V   P   D   S   

 

ttt ttt aac ggt gtt ctg gat ccg aat aat ccg gca ttt att gca agc tac aac gag ttt  

 F   F   N   G   V   L   D   P   N   N   P   A   F   I   A   S   Y   N   E   F                  

                       BamHI 

 

tat agc cag ctg agc aat ccg atg agc gca ctg tgg aat agc ttt agc acc gca caa ctg  

 Y   S   Q   L   S   N   P   M   S   A   L   W   N   S   F   S   T   A   Q   L   

 

cag cag atg cgt aat cgt ggt ttt cag agc gtt aat gat gtt tgg cag gca gtt cgt gat  

 Q   Q   M   R   N   R   G   F   Q   S   V   N   D   V   W   Q   A   V   R   D   

 

agc ccg atg ttt ttt ccg cgt ggt cgt gca cgt acc ctg aca cgt cag aat cct ggt ttt  

 S   P   M   F   F   P   R   G   R   A   R   T   L   T   R   Q   N   P   G   F   

 

gat gca acc aca cgt cgt gca gtt agc att ggc acc att cgt aat gcc ctg gca ccg acc  

 D   A   T   T   R   R   A   V   S   I   G   T   I   R   N   A   L   A   P   T   

 

gat ttc att acc ttt ggt agc ggt aaa acc gca aat cat agc gaa agc gca acc cag ggt  

 D   F   I   T   F   G   S   G   K   T   A   N   H   S   E   S   A   T   Q   G   

 

att ctg gaa tca cag ccg cat aat aat gtg cat aat aac atc ggt ggc ttc atg cag gat  

 I   L   E   S   Q   P   H   N   N   V   H   N   N   I   G   G   F   M   Q   D   

 

ctg ctg agc ccg acc gat ccg gtt ttt ttt gca cat cat agc aac att gat cgt ctg tgg  

 L   L   S   P   T   D   P   V   F   F   A   H   H   S   N   I   D   R   L   W   

 

gat gtt tgg acc cgt aaa cag cag cgt ctg ggt ctg ccg aca ctg ccg acc ggt gca aat  

 D   V   W   T   R   K   Q   Q   R   L   G   L   P   T   L   P   T   G   A   N   

 

ctg ccg ctg tgg gca aat gaa cct ttt ctg ttt ttt atc ggt ccg gat ggt aaa ccg gtt  

 L   P   L   W   A   N   E   P   F   L   F   F   I   G   P   D   G   K   P   V   

 

gca aaa aac aaa gcc ggt gat tat gca acc att ggc gat ttc gat tac aat tat gaa cca  

 A   K   N   K   A   G   D   Y   A   T   I   G   D   F   D   Y   N   Y   E   P  

                                                                            ggt  

 

ggt agc ggt gaa gca gtt att ccg gca gcc agc cgt ccg ggt gaa atg aat aac aaa gtt  

 G   S   G   E   A   V   I   P   A   A   S   R   P   G   E   M   N   N   K   V  

cca tcg cca ctt cgt caa att cca tgg ttt ttt   

CoreTyr Reverse Primer        KpnI 

 

tgg ctg ggc acc ctg ggt gca gca gtg ccg aat ttt tca gca agc gca cgt gca gat gtt  

 W   L   G   T   L   G   A   A   V   P   N   F   S   A   S   A   R   A   D   V   

 

atg gtt ccg gaa gcc gtg ccg gaa gca gca atg aaa gca gat ggt ccg gca gtt ttt gcc  

 M   V   P   E   A   V   P   E   A   A   M   K   A   D   G   P   A   V   F   A   

 

aaa att acc att gca ccg cct atg gat gtt gcc ggt gtt gaa ttt cat gtt ctg gtt aat  

 K   I   T   I   A   P   P   M   D   V   A   G   V   E   F   H   V   L   V   N   

 

ccg cct gaa aat gtt agc cat gtt gat ttt gat agt ccg agc ttt gca ggc acc ttt agc  

 P   P   E   N   V   S   H   V   D   F   D   S   P   S   F   A   G   T   F   S   

 

gtt ttt ggt aaa cag tta ggt ggc cat aaa aat cag ccg ctg agc ttt ctg atg ccg ctg  

 V   F   G   K   Q   L   G   G   H   K   N   Q   P   L   S   F   L   M   P   L   

 

acc gaa gcg gtt aaa aaa ctg caa gaa acc aat gaa ctg aaa ccg ggt cag cct ctg cgt  

 T   E   A   V   K   K   L   Q   E   T   N   E   L   K   P   G   Q   P   L   R   

 

gtt cag gtt gtt gca gaa cgt aaa ggt gtt aat ctg aca ccg ctg cag gca aaa gtt agc  

 V   Q   V   V   A   E   R   K   G   V   N   L   T   P   L   Q   A   K   V   S   

 

gaa att agc gtt ggt acg ttc taa ggt acc ttt ttt  

 E   I   S   V   G   T   F   -   G   T   F   F   

                                  KpnI  

60 

 

 

 

120 

 

 

180 

 

 

240 

 

 

300 

 

 

360 

 

 

 

420 

 

 

480 

 

 

540 

 

 

600 

 

 

660 

 

 

720 

 

 

780 

 

 

840 

 

 

900 

 

 

960 

 

 

 

1020 

 

 

 

 

1080 

 

 

1140 

 

 

1200 

 

 

1260 

 

 

1320 

 

 

1380 

 

 

1440 

 

 

1776 

Figure 20: DNA and amino acid sequence of the V. spinosum full length tyrosinase sequence with added restriction sites 

used in the project. The full length tyrosinase amino acid sequence is marked with grey. Restriction sites used for ligation to 

plasmid vector, SspI and KpnI, are marked with yellow and restriction site used for verification of genes in clones, BamHI, is 

marked with violet. Reverse primer for PCR of core tyrosinase excluding the C-terminal and adding a KpnI site is marked in 

green. 


