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“When every purpose has an action,
every action has a result!”

Greg Plitt

,Our greatest weakness lies
in giving up. The most certain way
to succeed is always to try just one more time*

Thomas A. Edison
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ABSTRACT
Hydrophobins are common for filamentous fun§ince now, their role in surface

hydrophobicity, fruit body formation and sporulatibas been reported. Due to their ability to
attach both to hydrophilic and to hydrophobic scefs we hypothesized that they could
enhance the enzymatic degradation of polymers bgticrg a monolayer, which aids the
enzyme to bind the polymeric substrate or theyioarease the efficiency of enzyme binding

in the non-covalent enzyme immobilization.

In this work, we present the effects of GST-HFB4idn protein fromTrichoderma
virens on the enzyme activity both in solution and whemiobilized, as a proof of concept.
Our initial hypothesis was that hydrophobins frdm virens could enhance activity of
enzymes used for polymer degradation. However, tduine fact that GST-HFB4 has not
affected cellulases’ activity in their free formewocused on the hydrophobin-mediated
immobilization of enzymes to test the hypothesishyidrophobins are able to bind more

enzyme activity to the surface of porous glass gead

The data obtained in this thesis depicts a posiiffect on the immobilizing of glucose
oxidase activity on the surface of kapton membraita HFB7-(His) layer. However, in

order to fully understand the differences betweetivities of different enzymes both in
solution and when immobilized, further examinatioreuld be needed and this data could be

useful for that purpose.



KURZFASSUNG

Hydrophobine sind in Pilzen weitverbreit®&ekannt ist ihre Rolle in der Herstellung
hydrophober Oberflachen, Fruchtkorperbildung, urmbr8lation. Dank deren F&higkeit
sowohl an hydrophile- als auch hydrophobe Ober#achu binden, habe ich angenommen
dass Hydrophobine auch den enzymatischen AbbaulPatymeren oder die Immobilisierung
von Enzymen positiv beeinflussen kénnten, indemesieMonolayer bilden der die Bindung

der Enzyme an polymere Substrate begunstigt.

In dieser Masterarbeit zeige ich den Effekt der As@nheit vorTrichoderma virens
GST-HFB4 Fusions-Proteinen auf die enzymatische ivAit von gelosten und
immobilisierten Enzymen als Proof of Concept. Disputingliche Hypothese war, dabs
virens Hydrophobine die Aktivitat von Polymer-abbauendearzynen erhéhen kénnten. Die
Aktivitat von freien Cellulasen im Vorhandenseinnv@ST-HFB4 zeigte sich hingegen als
nicht beeintrachtigt und aufgrund dieses Ergebrisdekussierten wir auf der
Enzymimmobilisierung mittels Hydrophobinen.

Die in dieser Arbeit beschriebenen Ergebnisse peilie Steigerung der Aktivitat von
Glucose Oxidase durch Immobilisierung an Kaptoritets HFB7-(His).



ABBREVIATIONS

APS Ammonium persulfate

Asp Aspartic acid

CMC Carboxymethylcellulose

ddH,O Double destilled water

dHO Destilled water

FPA Filter paper

GOx Glucose oxidase

GST Gluthathione-S-transferase

GST-HFB4 Fusion protein of gluthathione-S-transserto hydrophobin 4
HCI Hydrochloric acid

HFB4 Hydrophobin 4

HFB4-(His) Fusion protein of hydrophobin 4 to six histidinstse
HFB7 Hydrophobin 7

HFB7-(His) Fusion protein of hydrophobin 7 to six histidimsts
His Histidine

LB Lysogeny Broth

NaCOs Sodium carbonate

0-DND o-dianisidine

PBS Phosphate buffered saline

PBS Triton X- | Phosphate buffered saline polyethylene glycol f;813-tetra-
100 methylbuthyl)-phenyl ether




PNPL 4-nitrophenyB-D-lactopyranoside

POD Horseradish peroxidase

RT PCR Real Time Polymerase Chain Reaction

SDS Sodium Dodecylsufate

SDS PAGE Sodium dodecyl sulfate polyacrylamid ¢etteophorese
Ser Serine

TEMED Tetramethylethylenediamine

TRIS — HCI Tris(hydroxymethyl)aminomethane hydraside
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1. INTRODUCTION

1.1. ENZYMES

Enzymes are complex globular proteins and catabygth many metabolic (anabolic
or catabolic) reactions and substrate conversionsnany chemical reactions. Enzymes
possess a unique ability to perform their speafiemical transformation in isolation. Their
another remarkable attribute is a high specifitdydesignated types of compounds. The
activity of an enzyme depends not only on the prynstructure but also on intricate folding
configuration of a whole molecule. The destructathis configuration via for example a

change of pH or temperature, may led to the logskehctivity (Smith, 2009).

The major application fields are production of l@tetgents, bulk products in the
backing industry, brewing, dairy industry, starctlustry, textile industry, leather industry,
bioraffinery, medicine and pharma¢ymith, 2009).

The development of the enzyme technology causedaihaoximately 90% of bulk
enzyme production is derived from filamentous fyrgicteria and yeast. The remaining 10%
come from animal (6%) and plant (4%) sources. Owimgthe genetic engineering, the
production of enzymes from extremophyles that Hagber temperature resistance, can now

be grown in a mesophyl¢Smith, 2009).

As an example for numerous advantages of usingneezyn industrial processes can
be the biocatalytical production of the widely ap@l emollient mirystyl myristate in
cosmetics, which shows attractive results in forma 0% lower energy consumption and
greenhouse gas emission and up to 90% lower emissiopollutants emission when

compared to chemocatalysis, as shown in tal§ghgldon, 2011)

11



Tab. 1: Environmentally key parameters of chemo- and badgtt estrification(Sheldon, 2011).

Parameter Units Chemocatalytic Biocatalytic Savings
Energy GJ 22.5 8.63 62%
GHG emission$ kg CO g 1518 582 62%
Acidification® kg SQ eq 10.58 1.31 88%
Eutrophication kg PQ eq 0.86 2.24 74%
VOC kg GHj eq, 0.49 0.12 76%

@ Greenhouse gas emissions.

P Volatile organics (smog formation)

Due to their stereochemical specificity for subtgtsaand their specificity to produce
only one enantiomer, enzymes found application he fproduction of chemicals or
pharmaceuticals, in which stereochemistry playgyrkle. Such an example for the process
is the production of enantiomerically pure aminadacby an improved racemase/acylase
system from N-acetylated amino acids, where théihgstep for this process is racemisation
of D — amino acids into L — amino acids through Emino acid racemase. However, thanks
to protein engineering the achieved yield reachetbi98% (Baxter et al., 2012).

Moreover, biotransformation of toxic compounds layunally occurring or genetically
modified enzymes from microorganisms is used ferutilization of soil contaminations (e.g.
polycyclic compounds, halogenated polycyclic hydrbons). Such an example is aerobic

soil biotransformation of fluorotelomer iodide (Ruet al., 2013).

In the last few decades, more attention has beérompuhe problem of decreasing
natural resources of petroleum. Since then, sesimntiave been looking for renewable sources
of energy, like wind energy, water energy, but amgewable carbon sources such as plants
containing biopolymers, such as starch or vegetailke can be used for bioethanol or
biodiesel production. This aspect became a drivimge for an enzyme usage, where
especially enzymes, which could increase highlydfigiency of a process, are a focus of

attention.

12



The growing prices of enzymes caused a searchirtgeinXX century for methods
prolonging their shelf life and enabling their rabsity, as mentioned in advantages of this
process. Those criteria are fulfilled by enzyme imbitization.

The major advantage of enzyme immobilization are:

a possibility of reusage of a single batch enzyme.
a higher stability of an immobilized enzyme in mcases
purity of obtained product after a reaction

a possibility of a development of a multienzymectem system

YV V. V VYV V

reduction of disposal problems.

On the other hands, the process of immobilizateonat free from disadvantages, to

which belongs:

effects on the stability and activity of enzymes
problems, when the substrate of the reaction isdda be insoluble

enzyme inactivation by a heat generated in theegyst

YV V V V

higher costs bounded to the purification and reppweéactive enzyme.

Although we can distinguish a few simple methodsimafmobilization, such as
immobilization by adsorption, covalent binding, apsulation and cross — linking, which are
described below, since then many combined methads been developed.

Immobilization by adsorption results either fromdhyphobic or ionic interactions
between a support matrix and an enzy(®@ahn and Minteer, 2008; Mateo et al., 2008)a
support for this method the following materials cée used e.g. coconut fibers,
microcrystalline cellulose, porous glass. In casenonobilization by adsorption with porous
silica as a support, it is often needed to functize the groups on the surface of a support to
increase the efficiency of the procéBstta et al., 2012; Hanefeld et al., 2008).

Covalent binding of enzymes is a more stable fofnmmnobilization and results in
the maintenance of most activity in comparisonhe adsorption methofsSchnapp et al.,
1976).0ne important advantage of using covalently imrdxl enzymes is the purity of a
reaction product from an enzyme. The figure 1 shpassible and commonly used functional
groups for covalent binding, which involves the amigroups of the enzyme. The

13



nucleophilic character of the amino group caudes, this group can attack for instance an
epoxide or an aldehyde, what can cause irreversiblaobilization of enzymes or the

protection of immobilized enzyme against inactivatiby chemicals compared to free
enzyme. The biggest disadvantage of covalent bgndénthat enzymes are chemically
modified, but on the other side it offers the pbsisy for better orientation of the enzyme

(Hanefeld et al., 2008).

14
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carrier creating covalent bonfldanefeld et al., 2008).

Another method of enzyme immobilization called stoking was developed from
the covalent binding method. In comparison to cewalbinding a carrier is not needed,
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because the enzymes themselves play the role afregerc The first step of Cross Linked
Enzyme Aggregates preparation, the aggregatiomsyrees using of precipitants such as
acetone, ethanol or 1,2-dimethoxyethane is followsgdcrosslinking by commonly used

glutaraldehyde (see figure 2.).

@
e el ¢
G &35

G(}(} G G precipitate @
¢ G & o

2(% cross link
(5 (5

enzyme solution aggregate

Fig. 2. Aggregation and crosslinking of an enzyme to f@hEA (Hanefeld et al., 2008).

The best method to avoid any negative influence tloe enzyme structure is
encapsulation of an enzyme. The most prominentvaddly used technique is the sol — gel
encapsulation. Sol — gel is a chemical inert amhllyiporous silica glass, that can be shaped
in any desired form. Despite their porous structtine diffusion of substrate to the enzyme

can be restricte(Hanefeld et al., 2008).

1.2. EXAMPLES OF INDUSTRIAL IMPORTANT ENZYMES

In order to reduce energy and waste costs, mangiche catalyzed reactions have
been replaced by a biocatalytical reactions withyares as catalysators. The three following

important industrial enzymes were selected fohirinvestigation in this work.

16



Cellulases, their properties and applications

The most abundant organic compound on Earth isilos#, which builds the main
structure of plant cell walls. Cellulose contaime&r chains of about 8000 to 12000 residues
of D — glucose linked by - 1,4 bonds(Timell and Syracuse, 1967; Aro et al. 2005).
Therefore, from the industrial for example petrooi@l or food industry point of view,

cellulases are important enzymes.

The enzymatic degradation of cellulose ensues thaik synergistically acting
enzymes, produced mostly by aerobic filamentougifurhis cellulolytic system (see fig. 3)

comprises three types of cellulases:

Endoglucanases (EC 3.2.1.4) attack randomly andohyzt B - 1,4 bonds of amorphous
chains of cellulose to produce cello — oligosacictess.

Exoglucanases (EC 3.2.1.91) act on non reducingd(GBor on reducing (CBH 1) ends of
cellulose chains

B-glucosidases (EC 3.2.1.21) hydrolyze soluble detkrins and cellobiose to glucose.
(Alonso Bocchini Martins et al., 2011)

Crystalline cellulose

Ci-mediated AAD Exp Swo

Disrupted cellulose

Cellulose =
hydrolysis by Cx ‘

Soluble products @ [ %
c:ﬂﬁ&ﬁ =

Cellodextrins Cellobiose Glucose

AAD Auxiliary Activity family 9 'Exp Expansin Swo Swollenin

CEM Cellulose-binding module {1

CD% Endoglucanase {CD )Exoglucanase

Fig. 3. Schematic representation of the recent cellulolgyistem(Kim et al., 2014).
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The former cellulose degradation model assumed oné¢ carbohydrate—binding
modules (CMB) expansins and expansin-like proteake part in the disruption of high-
ordered cellulose matrix. However, the most recendlel takes into consideration the activity
of synergistically acting proteins called Auxiliafgtivity family 9 (AA9, formerly known as
glycoside hydrolase or lIytic copper-dependent palgharide monooxygenases) which
enhances cellulose saccharification after beingedd the mixture of cellulases. It is
supposed that the oxidative activity of AA9 occwia copper-bound active site through
chemical reactions involving hydrogen abstractiond asubsequent hydroxylation which
require molecular oxygen and electron donors. phigess appears to be cost-effective and

could be useful to reduce the expenditures of ibkiél productionPhillips et al., 2011)

Swollenin, a small fungal protein which is homolagao plant3- Expansin protein
family, also plays a role in the mechanism of deBe biodegradation. It is thought to
enhance the hydrolysis of cellulose by weakening drsrupting of the substrate by

promoting amorphogenedi§ourlay et al., 2013).

Initially, cellulases were investigated only forobegradation of biomass for bulk
production but nowadays they also found applicationanimal foods, textiles, biorafinery

and detergents indust($ukumaran et al., 2005).

Trypsin

Trypsin is an enzyme from a group of serine pra@sapossessing a catalytic triad,
composed of a serine, histidine and an aspartatdue (see Figure 4.). It is a so — called

oxyanion hole formed by backbone NH groups.

18
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Fig. 4. Active site of trypsin from PDB.

The mechanism of proteolytic hydrolysis begins with formation of a non-covalent
Michaelis complex between enzyme and substratepsocdeed a nucleofilic attack of the
substrate C — atom by the hydroxyl group of'SeiThat leads to the formation of a covalent
tetrahedral intermediate And the next essentigd stehe transfer of a proton from the OH
group of Sel’®to an imidazole N — atom of His The following stage involves AS§ which
stabilizes the positively charged form of Him the transition state. The imidazolium proton
is transferred onto the N-atom of the cleaved anbded, leaving an acyl — enzyme
intermediate. Finally, there is the deacylation mehle,O substitutes the amine component in
the trypsincleaving. And because of activation of(H by imidazole, another tetrahedral
intermediate is formed which decomposes in turn ldvetates the carboxylic acid and the

free enzyme (Testa and Mayer, 2003).

Trypsins has already found applications in medicfoed industry and in proteomics.
In medicine, it is used in a pure or crystallinenfiofor a treatment of wounds. Food industry
uses trypsins for improvement of food quality anohctional properties like solubility,

emulsification, improvement of digestibility anddteetion of allergens content in some foods.
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Trypsins found also usage in the field of prote@rfiar fingerprinting(Yu and Ahmedna,
2012).

Glucose oxidase

Glucose oxidase is a FAD-containing glycoproteid ams obtained in the process of
purification of Aspergillus niger, what was reported for the first time by Muller i82B. The
enzyme is made up of two identical subunits witm@ecular weight about 80000 Da each,
which binds one molecule of FAD with a high bindiognstant(Gibson et al., 1964)The
characteristics glucose oxidase is the catalysighef oxidation ofp-D-glucose using a
molecular oxygen to glucon®Hactone which hydrolyzes spontaneously to gluccend
(Whitaker, 1985).The figure 5 shows the principle of glucose oxidassvity test coupled
with horseradish peroxidase. The latter catalyhesokidation of o-dianisidine which is used
for spectroscopy detectiorlowever, due to the light sensibility of the oxiglizform of o-

dianisidine, it is needed to stabilize it by addsudfuric acid.

CH,OH
o OH
OH + O

o

Glucose oxidase

2

OH

MeO OMe MeO OMe

v o Horserdish H,S0,
H,N O O NH, +M2% . HN O C NH + —> Pink color at 540 nm
Peroxidase

Fig. 5. Activity assay of glucose oxidase with coupleddemadish peroxidase for spectroscopy detection.
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Fig. 6. The secondary structure of GOx frémniger (Hecht et al., 1993).

The overall 3D topology depicted in Figure 6 preseiie secondary structure of
glucose oxidase fromi\spergillus niger. The dimeric protein displays a rather ellipsoidal
shape with high content of secondary structure @@%o of helices and 18% @fsheets. The
latter are located near the interface between men®omith the partly amphiphilie-helices.

At the bottom of a deep cavity, there is a flavimgrsystem is located with one part of the
active site formed by a six-strandpéhelix supported by foua-helices. The bottom of the
active site, there is partly formed by mostly bdrisp 548 (Hecht et al., 1993).

Because of its high specificity, glucose oxidaaefbapplications in food industry for
example in the glucose oxidase/catalase systemefooval of glucose from egg-white before
drying or for color stabilization.

In wine production, GOX showed its potential to &avihe alcohol content. A various
number of technologies was established for thip@ss but the easiest way is to add glucose
oxidase before the fermentation wiiccharomyces cerevisiae (Pickering et al., 1998).

The growing number of people suffering from diabeteaused the need for
measurement of glucose in the blood at regulamiate and therefore, glucose oxidase
immobilized on the electrodes found applicatiomiedicine.

Those are only some applications of this enzymeelver there seems to be plenty of

potential possible applications which have to loelisid or are being studied.
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1.3. HYDROPHOBINS

Hydrophobins are a large family of low — molecularmass proteins secreted at
different life stages of filamentous fungi whichntain a characteristic pattern of eight cystein
residues responsible for creation of stabilizingutfide bonds. They assemble themselves
into amphipathic polymeric films at the interfacetween hydrophilic and hydrophobic
surfaces, thus facilitating the creation of hyphs@ores and fruiting bodiegwan et al.,
2007).

Until now, there have been two classes of hydroptwldentified based on their
physical properties, such as hydrophobicity. Hytiapns from both classes are typified by
the presence of 8 cysteine residues at consenaagphlong the amino acid sequence. The
cysteine residues are separated by spacing seguehazh length is different in both classes.
However, the number of amino acid residues betwagstein residues is more variable

among the pseudo-class | hydropholffdeidl-Seiboth et al., 2011).

Class | hydrophobins, produced by Ascomycetes uadidBbmycetes, create very
robust films which are resistant to boiling in dgents and strong alkalis. Class I
hydrophobins (only Ascomycetes) show ready solybiti water solutions (up to 100 mg/ml)
(Cox et al., 2007).

Due to the discovery of pseudo class | hydrophobingrichoderma atroviride and
Trichoderma virens reported by Seidl-Seiboth 2011, the concept af ttlassification, based
on the amino acid sequence and their propertiedready questioned. Seidl-Seiboth showed
that hydropathy plots and cysteine spacing arelglei#ferent from well known class | and
class Il hydrophobins. Therefore, the expandatioth® former classification into two groups
is neededSeidl-Seiboth et al., 2011).

The first hydrophobin genes were found Schizophyllum commune but until now,
they have been identified in many different Ascostgs, such a3richoderma species.
Hydrophobins play several different roles in furggich as helping the fungi to survive in and

adapt to the environment through controlling of shieface tensiofLinder et al., 2005).
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Properties of hydrophobins

Hydrophobins owe their name to the high contertyafrophobic amino acids in their
sequences. It has been estimated that about 1@8tabproteins expressed Bghizophyllum
commune at the time of emergent growth were hydrophol§des Vries et al., 1993)[o the
remarkable properties of class | hydrophobins righieir ability to assemble into an SDS —
insoluble amphipathic membranes, when confronte thie interface between a hydrophilic
and a hydrophobic phase. The class Il hydrophol@rist as monomers at a lower
concentration and an increase of the protein cdratgon leads to the formation of oligomers.
Monomers of class Il hydrophobins seem to haveghdri affinity for surfaces to create
monolayer films at hydrophobic/hydrophilic interésc than for oligomer formation. In
contrast to monolayers formed by Class | hydropigbivhich can be only be solved in 100%
trifluoroacetic acid or formic acidWessels, 2000) monolayer formed from class Il

hydrophobins can be dissociated already with 6(%retl or pressur@ampieri et al., 2010).

The first well characterizedirichoderma spp. hydrophobin was class Il HFBII which
three dimensional structure was determinated atAlr@solution. The results showed that
HFB Il is a single domain protein consisting t\Wehairpin motives, created via disulfide
bonds between cysteine residues, linked byudnelix. The firstp-hairpin is created by a
disulfide bond between C14 and C26 and the sefdrairpin is formed by connecting of two
strands by cystein residues at positions 53 andrbd.bridge 3-52 connects the N-terminal
loop to B-strand S3 and the bridge 13-43 conngkegrandS1 and the-helix together. A
hydrophobic surface patch is formed from t«hairpins containing aliphatic hydrophobic
amino acid residues. The fifgthairpin contains Val-18, Leu-19, Leu-21, lle-22avial-24.
Residues Val-54, Val-57, Ala-58, Ala-61 and Leu#&® located in the second hairpin. The
completed hydrophobic patch contains also Leu-@atixt in the terminal N-loofHakanpéaa
et al., 2004).
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Fig. 7. Topology and structure of the HFB2.ATopology. Arrows marlg-strands and the rectanglehelix. B.
Three-dimensional structure of HFB2. The first pairis in red and the second in purple. The cerieatlel
consist of twop-hairpins that interlock in the same way as théhleapieces of the baseb@lakanpéaa et al.,
2004).

So far, beside of the mentioned above hydrophoHifBI, HFB3, HFB4, HFB5,
HFB6 and HFB7 belonging to the class Il have bekmtified. However, until now only
HFBI, HFBII, HFB4 and HFB7 have been well charace (Espino-Rammer et al., 2013
Neuhof et al., 2007; Hakanpaa et al., 2006).

Since 2011, the group of pseudo-class | hydroplsofsiom Trichoderma genus, has
been spread by the new members such as HFB9a d@d@hbHFom T. virens (Seidl-Seiboth et
al., 2011; Neuhof et al., 20Q7)

In a fungal life, HFBs show an influence on the vgito of hyphae and on the
sporulation. The deletion dffo 1 gene fromT. reesei strain QM9414 caused an easily
wettable phenotype when compared to wild-type st€i1 9414 and there was no difference
in sporulation for both strains on glucose (seeaufdg8). Furthermore, on the third day of
cultivation, the colony oAhfbl were more fluffier than colonies of QM 9414. Howewaéter
7 days, the differences were no more detectableth®mrellulose, differences in sporulation
between strains were not observed. As well as fB H thehfb 2 gene was also deleted. The
transformant strain was cultivated as in the fiesde. However, based on the observation, it is
concluded that HFB Il renders aerial hyphae andespbydrophobic and is involved in aerial
sporulation(Askolin et al., 2005).
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Fig. 8. Morphology ofT. reesei parent strain (a), thehfbl(b), theAhfb2 (c) andAhfblAhfb2 (d) growing for 3
days on the glucose-containing medi(hskolin et al., 2005).

Another study showed that class Il hydrophobinsnfih reesei show differences in
the degree of surface activity and the wettabdityhe hydrophilic side of a membrane, when
compared to the class | hydrophobins SC3 fr@&ncommune. Nevertheless, class i
hydrophobins fronil. reesel seem not to co-assemble with the class | hydraph8&3 but
assemblies seem to interact with each other whashlts in a mixed membrane consisting of
patches of assembled class | and class Il hydraopsoMoreover, the self —assembling of
class Il hydrophobins at the air—-water interfacesdoot influence the secondary structure and
ultra structure, what can explain the more rapgiiotion of surface tension caused by class |l
hydrophobingAskolin et al., 2006).

This surface activity of HFB4 fror. atroviride, T. virens and T. reesel and the novel
HFB7 fromT. virens were tested by Espino-Rammer (see fig. 9). A stitminding of the first
protein to the surface of polyethylene terephta{RT), a non-biodegradable polymer, lead
to 30% loss of hydrophobicity which was reflectadai reduced water contact angle (WCA).
HFB7 showed a different picture, whereas WCA isupedl for PET and the value on glass
was not affectedEspino-Rammer et al., 2013).

25



Kyte-Doolittle scale
=

=

Kyte-Doolittle scale

amino acld resldues (window slze 5)

Fig. 9 Hydropathy profiles of HFB4 (A) and HFB7(B) compdr® HFBIl. Numbered arrows indicate increased
or decreased hydropohobicity of HFB4 and HRB3pino-Rammer., et al., 2013).

The behavior ofl. reesel HFBI and HFBII in a bulk solution was studied bzil$ay et
al. 2006 using Fluorescence Resonance Energy Bra(iSRET) imaging microscopy and
size exclusion chromatography (SEC). Those stub@sge shown that the water surface
tension can be reduced with increasing concentratiohydrophobins up to about 7 pM,
while above no significant change in the wateragftension is observed, what indicates that
in this point hydrophobins start to form multimes shown at figure 10. The size of formed
multimers could not be measured by FRET and thexeféEC was used to obtain the size of
hydrophobins complexes. Szilvay et al. showed thimamers are spontaneously formed in
solution but it is still unclear, how the tetranfermation in solution is connected to the

tetramerized units in surface filniSzilvay et al., 2006).
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Fig. 10.Possible model for the formation of different cdexges of hydrophobins in aqueous solutfbimder et
al., 2005).

Trichoderma hydrophobins

The ascomycetous gentlischoderma contains many mycoparasitic species. Some of
them e.g.T. harzianum, T. virens, T. atroviride, T. asperellum are widely used as biological
active fungicides. Kubicek et al. reported thatyooihe class | hydrophobin in the genus of
Trichoderma in T. asperellum. is expressed and this protein is involved in rombnization
(Kubicek et al., 2008)However, Seidl-Seiboth showed that there are #isopresence of
hydrophobins that are not classified into clagsytlrophobins but they are more likely class |
hydrophobingSeidl-Seiboth et al., 2011).

The class Il of hydrophobins genesTafchoderma are highly duplicated and in two
cases Kubicek et al. reported the presence of pgenes, what suggest that this class of
hydrophobins which evolves by a death — and — bimtithanisn{Kubicek et al., 2008)The
phylogenic analysis ofrichoderma hydrophobins depicts thdrichoderma has many HFBs
genes (see Fig.11) and most of them form 3 sigmiflg supported clades, where the most
probability was obtained for HFB4 clafi€ubicek et al., 2008).
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Askolin et al. reported for the first time a homglis production of HFB 1 in a large
scale in 2001. High production of HFB | froim reesel was obtained by a construction of
overproducingT. reesal strain containing multiple copies bfb 1 gene in its genome. The
overproducing strain was able to produce 0.60fgAFB | of which 81 % was cell bound. In
the comparison to the constructed strain, wild—tgpain production level was much lower
and came to 0.17 g/Askolin et al., 2001).

Applications of hydrophobins

Hydrophobins can be used as coatings, emulsioriliseab or can be applied in
separation technology. Some of those proteins taveability to disperse hydrophobic
particles in water or stabilize oil — water emutsoDespite the fact that studies on HFBI and
HFB Il from Trichoderma have shown their powerful reduction of surface itamst does not
indicate the ability to provide a long-term stalyilof a film or monolayer to the surface or
interface. Owing to their properties, they can fardapplication as effective aerating agents
or as linkers for enzyme immobilizatigGox et al., 2007).

Due to their versatile properties they can be aplpin drug delivery as a stabilizer of
oil vesicles or as intermediates for attaching mwales to a surface in the immobilization of

antibodies or enzymes in a bioseni&choltmeijer et al., 2001).

Based on their ability to coat surfaces and thetfaat hydrophobins do not seem to be
toxic, cytotoxic or immunogenic, they can find maapplications also in biomedical

engineeringdScholtmeijer et al., 2001).

Bilewicz et al. showed that hydrophobin HYDPt-1nfrdisolithus tinctorius, which
was used to modify of hydrophobic surfaces of aglacarbon electrode, a thin mercury film
electrode or hydrophilic surfaces such as a goddtedde before they were functionalized
with ubiquinone, quinine and azobenzene, can statikch the electroactive reagents to
electrodegBilewicz et al., 2001).

The ability of hydrophobin SC3 fror8. commune to bind GOx and HRP to glossy
carbon electrode was tested by Corvis et al. Tresssom electron microscopy showed that
enzyme film on the adsorbed SC3 was stable arstatslity was higher, when compared to
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the enzymes adsorbed directly on the electrodegtiemthe specific activity of both enzymes

was lower in comparison to dissolved enzyif@srvis et al., 2005).

Hou S. et al showed that HFBI/collagen modifiedyfaiimethylsiloxane) (PMDS)
surface could support the adhesion and the grottelts, whereas the native PMDS surface
could not (Hou et al., 2008). Similar results, lmiitained with neural stem cells were
described by Li et. al, whereas poly(lactic-co-ghye acid) film was modified only by HFBI
(Li et al., 2009).
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2. AIM OF THE THESIS

The aim of the thesis was the investigation ofittikeience of two hydrophobins from
T. virens on the activity of industrial important enzymessiolution and the ability of their

usage as linkers for enzyme immobilization.
In order to realize this aim the following pointeme established:

> The proof of concept was conducted using the fuprotein HFB4 linked with
glutathione-S-transferase expressed in a bacwyrsiém that was tested with cellulases with
soluble and insoluble substrates, glucose oxidagdéergpsin in solution.

> Use of other hydrophobins from virens expressed ifP. pastoris expression
system for the same enzymes.

> Carrying out the enzyme immobilization with hydropins as linkers to
various polymeric matrices including borosilicateET, biaxially-oriented polyethylene

terephtalate and polyimide.

We were interested to testTif virens hydrophobins can improve the enzyme activity
or increase the binding efficiency of the enzymetsvey on the different carriers and their

activity varies when produced in different hosts.
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3. MATERIALS AND METHODS

The Trichoderma hydrophobins used for the experiments presentéaisnvork, were
heterologously overexpressed as fusion proteiis ooli andP. pastoris.

3.1. HYDROPHOBINS

The HFB4 N-terminally linked to GlutathionetBansferase was overexpressed kn
coli BL21 DE3 transformed with plasmid pGEX-4T-2 prowddeoy GE Healthcare
(Amersham, England).

(4870) Btgl BfuAl - BspMI (62)
(4762) Bsu3sI (lac operator]
| / EcoNI (2568)
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((:333:}} ::ri“ SN 27 pGEX 5' Sequencing Primer (860 .. 891}
5 ——— /
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| EcoRI (340)
|| TspMI - Xmal (945)
||/ smal (947}
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Fig.11.The features of pGEX-4T-2 vector used for the ti@msation.

The pGEX-4T-2 vector is used for the bacterial egpron and contains a chemically
inducible tac promoter activated by IPTG. It consaalso the fusion partner for the gene of
interest, what leads to the facilitation of theippcation process. The protein of interest can be

cleaved from the fusion partner using thrombin.

For the preparation of GST-HFB fusion protein, tp&EX-4T-2 vector was

linearizated using restriction enzymes Bam HI (Fertas) and Xho | (Fermentas), which

32



generate sticky ends. For this purpose, the mixtargaining 8 pul pGEX-4T-2, 1ul enzyme
Bam HI, 1 pl enzyme Xho |, 5ul Buffer G and 35 pdter was prepared. The mixture was
incubated overnight at 37°C. Afterwards the agageeelectrophoresis was carried out to
verify the completion of the digestion and the bamhtaining the linearized vector was
purified using QIAquick Gel Extraction Kit followgn the manufacturer’s protocol. In the
next step, the gene of interest was ligated wighlitearized vector by mixing of 50-200 ng of
the vector with 1-2 pl of purified cDNA and the uale of mixture was filled up to 10 pl with
deionized water. The mixture was incubated for iButes at 50°C, and afterwards was put
on ice.(Przylucka, A., 2012)

The transformation oEscherichia coli competent cells was done by adding 5 pl of
ligation product to 100 pl d&. coli competent cells. The mix was gently mixed withzefie
tip. The tubes containing a mix were incubated @nfor 30 minutes and then placed into
thermocycler for 90 seconds at 42°C. Afterwards,ttlibes were put on ice for 2 minutes. In
the next step, 400 ul of LB medium was added aadrixture was shaken at 37°C for 1 hour.
After this time, 50, 100 an 200 ul of the mixturerey transferred onto LB plates containing
ampicillin. The plates were incubated overnight3#&C. From each transformation were
picked approximately 10 colonig®rzylucka, A., 2012)

Overexpression of the protein of interest was edriout following a protocol and
purified on Gluthatione Sepharose 4B provided by KBalthcare as decribed in 3.1.2. The
protein of interest was not cleaved from Glutatkidag. The protein concentration after
purification was measured via Bradford method (&&) the purity was checked via SDS —
PAGE (3.3).

The HFB4and HFB7linked c-terminally to a 6xHis tagerexpressed iR. pastoris
were received from Agnieszka Przylucka. (Przyludk&016)

3.1.1. OVEREXPRESSION OF GLUTHATHIONE-S-TRANSFERASE
FUSION PROTEIN

TransformedE. coli with pGEX — 4T — 2 Vector containingfb4 gene linked N-
terminally to Glutathione-S-transferase was plaited.B amp plates (section 8.) and grown
overnight at 37 °C.
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Single, well isolated colonies were picked from ghate and used to inoculate 50 ml
LB amp medium (section 8.) in 0.5 L Erlenmeyer KiasAll flasks containing either GST-
HFB4 or GST only were incubated overnight for 125-hours at 37 °C, 170 rpm. After 12 —
15 hours, the overnight preculture was added tor@2b6f fresh LB amp in 1 L Erlenmeyer
flask to give an Ay= 0.2 — 0.3. After inoculation, all flasks were groat 37 °C, 170 rpm to
an Ago= 0.6 — 0.7. Then the expression of the fusionganotvas induced by the addition of
250 ul of IPTG stock solution (section 8.) to tlaf concentration of 1 mM and cells were

grown for 6 hours, shaking 170 rpm at 37 °C.

After the protein of interest was expressed, thyaidi cultures were transferred into
centrifuge bottles and then centrifuged at 4 °@04(m for 15 minutes. The supernatant was
discarded. Pellets were frozen and stored for stexts at -20 °C.

The frozen pellets were thawed on ice. Then theyewesuspended in10 ml of ice —
cold PBS — Triton X-100 (section 8.) in 50 ml Faldobes. Cell suspension was incubated on

ice for 30 minutes with occasionally vortexing.

The cell suspension was sonificated 10 times fos@fbnds with 1 minute interval.
During the sonification cells were kept on ice. |@gbris was centrifugated for 10000 rpm at

4 °C for 15 minutes. The supernatant was recovearacb0 ml tube.

3.1.2. PURIFICATION OF GLUTHATHIONE-S-TRANSFERASE FUSION
PROTEIN

Preparation of Gluthathione Sepharose 4b

The bottle containing Gluthathione Sepharose 4b geswly shaken to resuspend the
slurry. Using dHO, 8 ml 50% slurry was prepared.

Column preparation

As columns were used 10 ml plastic syringes, whiekre placed upright in
an appropriate rack. Glass wool was placed in tt®in of each syringe. The glass wool was
wet with a little amount of PBS (section 8.). 4@hb50% slurry was transferred to the column.
All air bubbles in the chromatography medium bedenemoved using needles. The bed was

settled for at least 20 minutes. After settlindpetl medium, the column was drained slowly.

34



Equilibration of the column

The Gluthathione Sepharose 4B was washed with 16f PBS-Triton X-100 (section
8.). Then 10 ml of PBS was added to the column wiwas then incubated for 15 minutes

and drained with a flow rate of 0.5ml/min. Thispsteas repeated at least three times.

Binding of the fusion protein

After equilibration of the column, filtered bact@rcell free extract was applied to the
medium in the equilibrated Gluthathione Sephar@®edlumn. The filtrate was kept for 15
minutes at the column and then drained. After angiof the first volume of the filtrate, the
remaining sample was added and let to flow throldpe. column was subsequently washed 5
times with 10 ml of PBS Triton X — 100 (section.8.)

Elution of the fusion protein

2 ml of elution buffer(section 8.) was added to dwdumn. The elution buffer was
incubated on the column at room temperature fom8tutes, then the GST — tagged protein

was eluted. The protein sample was stored at -20 °C

3.1.3. SODIUM DODECYL SULFATE POLYACRYLAMIDE
ELEKTROPHORESIS

Gel preparation

The 15% (v/v) monomer solution was prepared by ngxddHO and 30% (v/v)
acrylamide/bisacrylamide solution (1,125 ml forckiag gel and 7,5 ml for separating gel),
gel buffer ( 3,75 ml 1.5M TRIS-HCI pH 8.8 for septaing gel and 1,875 ml 0.5 M TRIS-HCI
pH6.8 for stacking gel). The mixture was degassed.5 minutes. To the monomer solution,
10% (w/v) APS (50 ul for stacking gel and 150 nmi $eparating gel) and (15 pl for stacking
gel and 9 pl for separating gel) TEMED were adadeachédiately prior to pouring the gel.

Sample preparation

A 10 pl protein sample was diluted by an additio®,6ul of 2x SDS — PAGE sample
buffer. As a reducing agent, 0,5 ulfmercaptoethanol was added. Afterwards, the diluted
sample was heated at 90 — 95°C for 5 minutes iheromixer and centrifuged at 14000

rpm for 1 minute.
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Electrophoretic run

After pipetting, the adjusted volume of the sampteo the gel (20ul), the
electrophoresis was run under denaturating comditemd constant voltage of 200V as long
as the blue dye front reached the bottom.

Visualisation of SDS PAGEreults

The gel was removed from plates and placed indlieidal Coomassie G250 staining
solution (section 8.) The staining was performeeéroight, and after this step the gel was
washed several times with g8l until the background was transparent.

3.1.4. SPECIFIC DETECTION OF GLUTATHIONE-S-TRANSFERASE
FUSION PROTEIN VIA WESTERN BLOT

The specific detection of Gluthathione-S-transferass done by Western Blotting.
For this purpose, we separated proteins via SDSHPA&described in 3.1.3. The separated
proteins were transferred overnight from the geklactroblotting using a constant current of
10 mA onto a nitrocellulose membrane which was thiexked using 20 ml of 3% bovine
serum albumin in 1x PBS buffer to prevent the mmtéons between the membrane and
antibodies. After this step, the membrane withdfamed proteins was incubated with 15 ml
of the diluted 1:5000 primary antibodies Anti GS1der gentle agitation for 1 hour. Then the
membrane was rinsed three times for 5minutes wikhPBS buffer to remove unbound
primary antibody, and then we incubated the men®véth 15 ml of the secondary antibody
IgG against Anti GST antibodies diluted1:10000 wahis linked to a alkaline phosphatase.
This step was also performed for 1 hour. The men&weas washed three times using 20 ml
of solution containing 1x PBS and 0.1% Tween (&ftgr the incubation with the secondary
antibody and the enzymatic reaction using Biord@lale phosphatase kit (containing 25x
AP color development buffer, AP color reagent A, édor reagent B) (section 8.) was done
to visualize the overexpressed fusion protein. s purpose, 12,5 ml of 1x AP were
prepared from 25x color development buffer (secBan Then immediately before the use,
125 ul of AP color reagent A (section 8.) and 129fyAP color reagent B (section 8.) were
added to the diluted color development buffer. Thia nitrocellulose membrane was

incubated at RT with gentle agitation until cologvdlopment was completed. The color
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development was stopped via washing the membratieddHO for 10 minutes with gentle

agitation. The membrane was dried.

3.1.5. PROTEIN CONCENTRATION DETERMINATION VIA
BRADFORD ASSAY

In order to determine the protein concentratiorg ttye binding assay (Bradford,
1976) was used. For this purpose, firstly the dyagent was diluted by mixing 1:4 with
dH,O, then 20 ul of the protein sample was dilutedhwit ml dye reagent containing
methanol and phosphoric acid (Biorad). The mixtuas incubated with 1x dye for 5 minutes
at room temperature to allow the dye to bind toidband aromatic amino acid protein
residues. At the same time, different concentratioh bovine serum albumin (BSA) were
prepared in the same way as the samples to gereestéadard curve. The mixture of water
with the dye was used as the blank. The absorbaasemeasured in a Microreader at 595

nm.

3.2. CELLULASES ACTIVITY ASSAYS

To test the influence offrichoderma hydrophobins on the activity of the three
industrial relevant enzymes, we investigated agtitgsts in the presence of the protein. The
cellulase activity assay was performed using ifdeland soluble substrates. As insoluble
substrate we used cellulose filter paper from Wilaatrfl cm x 0.5 cm). 4-nitrophenfb-
lacto-pyranoside and 4-nitropherfdb-cellobioside were used as soluble substrates for

cellulases.

3.2.1. CELLULASE ACTIVITY ASSAY WITH PNPL AS SOLUBLE
SUBSTRATE

For the assay for free enzyme incubated with GSBH®e used 20 ul of enzyme
diluted 1:200 in 50 mM citrate buffer pH 4.8 40qfI3mM PNPL in the same buffer. HFB4
in 50 mM phosphate buffer pH 7.6 (to the end cotregion of HFB4 in the reaction of: 5, 10,
20, 35 and 50 pg/ml) was added and the reactiotuneixvas filled up with 50 mM citrate
buffer pH 4.8 to a total volume of 250 pl. The te@Twas performed at 50°C for 30 minutes
and stopped with 25@1 of 1M N&COs. The absorbance of released p-nitrophenol was

measured in Microreader against the reaction nmexithout enzyme at 410nm.
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3.2.2. CELLULASE ACTIVITY ASSAY WITH NON-SOLUBLE
SUBSTRATE

Filter papers were cut into small pieces (1 cm3dn) and then incubated with 160
pl of different concentrations of GST-HFB4 (5, 20, 35 and 5@Qg/ml) for 16 hours. After

incubation the activity assay was carried out asdleed below.

Filter papers preincubated with different GST-HFB4GST concentrations were put
to the deep well plate. Then 88,3ul of 50 mM cératiffer pH 4.8 and 41,7 ul of enzyme in 2
different concentrations (13;/ml and 5,4ug/ml) were added. The reaction was performed
for 30 minutes at 50°C. All was done in triplicatédterwards the reaction was stopped by
using 250 pl of 40 mM DNS solution and heating @@°C for 5 minutes. Then the deep well
plate was put on ice to cool down. The absorbare® measured at 540 nm in Microreader.
For the measurement each sample was diluted irogrop 1:16 with dHO.

3.2.3. IMMOBILIZED CELLULASES ACTIVITY ASSAYS

PRETREATMENT OF POROUS GLASS BEADS

Glass beads were put into a 250 ml beaker and edweith 25 ml of 10 M HN@
The glass beads were put under the hood for 24shemuat from time to time mixed using a
glass rod. After incubation, glass beads were dedaand nitric acid was poured out.
Afterwards glass beads were washed with 100 ml KfCdthree times and put into a
graduated cylinder and washed with 100 ml of gdidntil pH value about 5.4 was reached.

IMMOBILIZATION OF ENZYMES ONTO NON-ACTIVATED GLASSBEADS

100 mg of pretreated porous glass beads were vegigit the analytical balance and
put into an eppi. Glass beads were incubated vthpd of 0.02 mg/ml or 0.2 mg/ml GST or
GST-HFB4 solution in 100 mM TRIS — HCI pH 7.6 fd hours. Afterwards the supernatant
was removed and the glass beads were washed itneewith dHO. Then glass beads were
incubated with 1 ml of enzyme solution (0.5 mg/Mfdy 18 hours with shaking. After
incubation with the enzyme the glass beads werdéedhwith dHO and centrifuged at 18000

rpm as long as the absorbance was near 0.02 atr2@80
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In order to test if hydrophobins can bind enzymesgarefficiently onto a matrix of
non-activated glass beads the enzyme solution wdsda. The reaction was performed in
800ul of 50 mM citrate buffer pH 4.8 and 200 uBahM PNPL dissolved in the same buffer
were added. The reaction was stopped after 30 esnusing 1 ml of 1 M N&Os;.The

absorbance of released p-nitrophenol was measur€ibam.

3.2.4. CELLULASES ACTIVITY ON DIFFERENT POLYMERS AS
SUPPORTS

Borosilicate, PET, biaxially-oriented polyethyleterephtalate and polyimide (0,57
cnt) were prepared in triplicates and coated with O0KMLPOspH 6.6 buffer containing 5
UM of HFBs overnight at 50 °C. All membranes werashed three times with the same
buffer using gentle shaking. 1 ml of Tex Cellulagese incubated for 1 hour at 1000 rpm.
Afterwards, membranes were washed again, sincestipernatant shows no enzymatic
activity. Cellulases were tested using 200ul of 21 rd-nitrophenyl B-D-cellobioside
dissolved in 50 mM citrate buffer pH 4.8 at 45°C 3 minutes. The reaction was stopped

using 200 pl of 200 MM N&Os. The absorbance was measured at 410 nm.

3.3. GLUCOSE OXIDASE ACTIVITY ASSAYS

The free GOx Assay was performed according to thenufacturer’'s protocol,

however the used volume of each component wasdsdalen to the end volume of 250 pl.

3.3.1. FREE ENZYME ACTIVITY TEST

The glucose oxidase assay was performed in discmuwst system. For the reaction
we used 178.4 ul of reaction cocktail containin/OnM o — DND, 1.72% (w/v) of glucose
and 50 mM sodium acetate buffer pH 5.1 and 6 [ @0Purpurogallin U/ml of POD and 6ul
of 0.8 U/ml GOXx. In the assay for glucose oxidastvay in the presence of GST-HFB4 we
used 0, 5, 10, 15, 35 and 50 pg/ml concentratidrfsiston protein to test the differences.
Additionally, we stopped the reaction after 30 m@suusing 25@l of 6 M sulfuric acid, what
stabilized the product of the reaction. The reactMas performed at 37 °C in the darkness
due to the sensibility of the substrates and prtsdatthe complex reaction. The absorbance
of oxidized and stabilized by sulfuric acid o- d&dine was measured in Microreader at 540

nm.
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3.3.2. [MMOBILIZED GOX ACTIVITY ASSAY

For the immobilized GOx Activity Assay we prepargidss beads and immobilized
enzyme as described in 3.2..For the assay we filfethe eppi with 50 mM sodium acetate
buffer pH 5.1 and added the reaction cocktail amdopmed as described in 3.2.2.1. After 30
minutes the reaction was stopped with 6 M sulfadd and the absorbance was measured as

described above.

3.3.3. GOX ACTIVITY ON DIFFERENT MEMBRANES AS CARRIERS

The membranes were prepared as described in 3e2m&mbranes were incubated for
20 minutes at 35°C with the substrate solution plomtaining p-hydroxybenzoic acid,
peroxidase and D-glucose. The formation of thetr@agroduct quinoneimine was measured

spectrophotometrically at 510 nm.

3.4. TRYPSIN ACTIVITY ASSAYS

3.4.1. FREE ENZYME ACTIVITY ASSAY

The enzyme was dissolved in 1 mM HCI and stored2@fC. Then, the enzyme
solution containing 500 U/ ml was prepared in cbldhM HCI. 30 ul of prepared enzyme
solution was preincubated with different concemtreg (0, 5, 10, 20, 35, 50 pug/ml — end
concentrations) of GST-HFB4 or GST for 30 minutaserwards 60 pl of cold 1 mM HCI
was added, filled up with the 67mM sodium phosphatéer pH 7.6 buffer up to 300 pl.
Finally 900 ul of 0.31 mM BAEE was added. The absoce of free N Benzoyl — L-

arginine was measured every 30 seconds at 253 nm.

3.4.2. TRYPSIN ACTIVITY ASSAY ON PoROUS GLASS BEADS

To the test of the immobilized trypsin, we used hiiof glass bead with
immobilized enzyme as described in 3.2.4. We filipdan eppi with 28,33 pl of ImM HCI
and 850 ul of 0.31 mM BAEE. The reaction was penked for 10 minutes in an eppi and
after 10 minutes, the solution was transferred sntmivette. The changes of absorbance were

monitored at 253 nm every 1 minute.
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3.4.3. TRYPSIN ACTIVITY ASSAY ON DIFFERENT SUPPORTS

All support membranes were prepared as describ8dbif.3 and immobilized trypsin
was tested using 200 pl of azocasein (4% (w/v)g fEaction was performed at 40 °C for 20
minutes and then stopped using 1,2 ml of 5% TCAe ixture was centrifugated for 5 min

at 3000 rpm. The determination of released azowhgemeasured at 440 nm.
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4. RESULTS

4.1. HYDROPHOBINS AND THEIR SUCCESSFUL OVEREXPRESSION
NON-SPECIFIC DETECTION OF HYDROPHOBIN

Prior to the use of the HFBs for e intended experiments, their succes

overexpression and purification was confirmed bys-PAGE (Fig. 12 and Fic13).
1 2 3 4 5 6 7 8 9 10
= T
e St

-

Fig. 12. Gel after SDFPAGE separation for Gluthathic-S-transferase. Rrotein Ladder, - bacterial
crude (0.013 mg) , 3-dl through (0.06 mg) ,- purified GST (0.038 mg) , 5 - 1@vashing repetition ste

(0.065 mg, 0.052 mg, 0.04mg, 0.023 mg, 0.26 mgadtl mg respective.
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Fig. 13.Stained Gel after SDS PAGE separation for H-Glutathione-S¥ansferase- Protein Ladder,
2- bacterial crude (0.008 mg), B8ew through (0.08 mg), - purified HFB4Gluthathion-S-transferase fusion
protein (0.034 mg) , 5- 10washing repetition steps (0.01 mg, 0.006 mg, 0.0@9 0.018 mg, 0.015 mg a
0.011 mg respectively)

Although, he SDS PAGE results showed that the overexpressidrpurification ste|

were successfuthere are still somdegradation products visible.

SPECIFIC PROTEIN DETECTION BY WESTERN BLOT VISUALAS ION

To prove specific that the band seen in -PAGE was ideed the overexpress
GSTHFB4, Western Blotting was performed. The resuima in Fig. 13 and 14. prese

the obtained gel visualizatio
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25kDa

Fig. 13. Western blotingfor overexpressed Gluthathic-S-transferase. . 1Protein Ladder, - crude extract
(0.013), 3-collected supernatant (0.09 mg- flow through (0.06), 5- purified HFB&luthathion-S-transferase
(0.05 mg), 6-9washing steps (0.1 mg, 0.62 mg, 0.08 mg, 0.009asgectively’

1 2 3 4 5 6 7 8

Fig. 14. Results from Western kting for overexpressed HFI-Gluthathione-Sransferase fusion protein-
Protein Ladder, 2erude extract (0.013 mg)- collected supernatant (0.07 mg) flbw through (0.055), -
purified HFB4-Gluthathione-&ansferase fusion protein (0.005 mg-8- washing steps (0.081 mg, 0.049 r
0.009 mg respectively).
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The specific detection of heterological overexpedsgusion protein proves tt

presence of this protein.
4.2. IMPACT OF HYDROPHOBINS ON CELLULASES

4.2.1. CELLULASES ACTIVITY WITH PNPL IN THE PRESENCE
OF GLUTATHIONE-S-TRANSFERASE OR FUSION PROTEIN
The plots 1 and 2 show the results ofactivity test for cellulases with 3mM PNFin
the presence of GSHIFB4 and GST. For the testing of a hypothesis, ktyalrophobin cal
enhance the enzyme activity, we istigatedthe cellulases activity tests without any ot

protein, with GST as a control and a fusion prat

Impact of Glutathione-S-transferase on
cellulases activity with soluble substrate

1200,000

1000,000

800,000

600,000 T
400,000
200,000 i
0,000 T T T . .
0 5 10 20 35 50

Protein concentration [ug/ml]

Activity [U/mg]

Plot 1. Impact of the presence of the Glutathi- S-transferase on the cellulases acti
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Impact of the presence of Glutathione-
S-transferase-HFB4 fusion protein on
cellulases activity with soluble substrate

1200,000
= 1000,000

§ 800,000

E 600,000 1

.% 400,000 -

< 200,000 -

0,000 - : . . . .
0 5 10 20 35 50

Protein concentration [pug/ml]

Plot 2. Influence on the Cellulase activity HFB4 - Glutathione-Sransferas.

In case of GSTHFB4, we observed a little increase of the actiatythe lowes
concentration of proteins, howewvthen thedecrease of the activity occurred at higprotein
concentrations. Interestingly, for GST, wbserved a little increase and the highest act
was observed at the highest concentration of GSkreas at this point we obtained

lowest activity for GSTHFBA4.

4.2.2. CELLULASES ACTIVITY WITH NON-SOLUBLE
SUBSTRATE COATED BY PROTEINS

Because of intra-mecular and intr-strand hydrogen bond formed between hydrt
groups and oxygen in a @lucopyranose units, cellulose shows a hydrophahidace.
However, enzymes may need a hydrophilic surfacetifersurface binding. Therefore, 1
tested the hypothesiff due to an amphiphilic character the hydrophobins, they can al
enhance the efficiency of cellulose degradation¢ct®ating of a hydrophobic surface by
coating, enabling a better binding of an enzyméhwo cellulose, on the example of a r

paper as the solid surface.
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Impact of the presence of glutathione-S-
transferase on cellulases activity with

filter paper as non-soluble substrate
25

20

15

10

Activity [FPU/mg]

0 1,6 3,2 6,4 11,2 16

[ug of Protein/cm2]

Plot 3. Impact of the filter paper coating with Glutathi-S-transferase on the cellulases acti

Cellulase activity on FPA coated by GST-

14,000
g 12,000
S~
2 10,000
=
> 8,000
=
S 6,000
<

4,000
2,000
0,000
0 1,6 3,2 6,4 11,2 16

[ug of Protein/cm2]

Plot 4. Impact of the filter paper coating with HF-Glutathione-Sransferas

In this case we observed higher activif the cellulase at higher concentrations
Glutathione-S¥ansferase, whereas in case of FPA coated by tGiota- S-transferase-HFB4
fusion protein there ialmos no improvement of the enzymatic activity. We obséenonly
higher activity at the highe:concentration of GSHFB4, however it is much lower as 1
GST.
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4.2.3. IMMOBILIZED CELLULASES ACTIVITY ON POROUS
GLASS BEADS

Based on the results from tests with a solid satesttoated by hydrophobins befor
reaction, we tested, this fungal proteins canind more enzyme, what should result i
higher activity in comparison to a carrnon<oated by hydrophobins. In this case we te
the activity of the cellulasesith 3 mM PNPLon glass beads without the fusion prc with
only GST or with the fusiomprotein using PNPL as a substraidée plots7 and 8, shov
below, represent all data obtained in this expemnis

Impact of the coating by glutathione-S-
transferase on the immobilization of
cellulases

Activity recovery [%]
O FRLP N WS Uuloo N ©
]

0 0,02 0,2

Protein concentration [mg/ml]

Plot 5. Impact of the glass beads coating by Gluthatt-S-transferase on tteetivity binding
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Impact of the coating by glutathione-S-
transferase - HFB4 fusion protein on
immobilization of cellulases

Activity recovery [%]
O R N WP UuUoo N
]

0 0,02 0,2

Protein concentration [mg/ml]

Plot 6. Impact of the glass beads cing by HFB4-Gluthathione-S-transferasethe enzyme bindin

We observed the different activity on the glassdbefcellulases. For only GST t
highest advity is obtained, when we added 0.ug/ml of GST to the glass bead. At 1
higher concentratiorthe reduction of cellulase activity is observed.cbmparison only t
GST, the fusion protein shows an increase of dgtati higher concentration of added fus
protein. However, in both cases we observed inorgasctinity at the lowest concentrati of

GST or GSTHFB4, when compared to cellulases immobilized amyporous glass bea

4.2.4. BINDING CELLULASES ONTO DIFFERENT
CARRIERS USING HFB4-(HiSs) AND HFB7-(Hise) AS
LINKERS

Tab.2. Cellulasesactivity recovery [%)] after immobilization or different polymeraising HFB+Hisg and
HFB7-His from P. pastoris. A-PET, E - kapton, C - mylar.

Polymer HFB4-Hisg HFB7-Hisg
PET 0.33+0.003 0.32+00¢
kapton 0.31+0.003 0.32+004
mylar 0.32+0.011 0.35+00¢
Quarzglass 0.33+0.020 0.30+001
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The activity recover obtained for cellulases immobilized onto diffarpolymers ha:

shown, that cellulases activity was not efficieribund onto any polyme

4.3. IMPACT OF HYDROPHOBINS ON GLUCOSE OXIDASE

Because of the growing interest in glucose oxidmse its possible plications in
industry, we decided to test this enzyme and iticin the presence of thTrichoderma

hydrophobins.

4.3.1. GLUCOSE OXIDASE ACTIVITY IN THE PRESENCE OF GST-
HFB4
Firstly, as in the case of cellulases, we testedchypothesi concerning that
hydrophobin can enhance the activity of the glucosédase. For this purpose, \
investigated the activity tests, where the glucosielase was preincubated for 30 mint
with the hydrophobin solution and afterwawe performed the adcfity test withp-D-glucose

as a substrate. The plot shown below representiatiaereceived from this experimer

Impact of the presence of glutathione-S-
transferase on glucose oxidase activity

250

200

150
100
50
0 5 10 15 20 35 50

Protein Concentration [pug/ml]

Activity [U/mg]

Plot 8. Impact of the enzyme preincubation with Glutath-S-+ransferase on the activity 0.8 pg/ml GOx.
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Impact of the presence of glutathione-S-

Transferase-HFB4 fusion protein on
Jeo . . .

200

— glucose oxidase activity
150
100
50 i
0 5 10 15 20 35 50

Protein Concentration [ug/ml]

Activity [U/mg]

Plot 9. Impact of the enzme preincubation with HFB4-Glutathionet@&nsferase on the activity
0.8 pg/ml GOx

Plots 8 and 9 show the activity of GOx after 30 u@s of preincubation wit
different concentrations of GST and C-HFB4 fusion protein. In both cases, we observ
strong decrease of the activity at two lowest conegioins of proteins and an increase
activity at higher concentrations. Moreqg, at concentration of 2@g/ml of protein we
observed, that the activity of GOx is significantiigher for GS-HFB4 fusion protein as fc
GST alone.

4.3.2. IMMOBILIZED GLUCOSE OXIDASE ACTIVITY

In order to tests with immobilized cellulases, wstéd also the activity of GOx wh
immobilized on glass bead with GST and HI- GST fusion protein as linkers. In the p
below we can see the influence of the presenceSat &d HFB- GST fusion protein on th
efficiency ofglucose oxidase activity bindir
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Impact of glutathione-S- transferase on
Yhe immobilization of Glucose Oxidase
on porous glass beads

80

60 -

40 -

Activity recovery [%]

20 A

0 0,02 0,2
Protein concentration [pug/ml]

Plot 10.Impact of the coating (porous glass beads by Glutathionér&isferase on the binding of G.

Impact of the glutathione-S-transferase-
HFB4 fusion protein on immobilization
of Glucose oxidase on porous glass
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50
40
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20
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Activity recovery [%]]

0 0,02 0,2
Protein concentration [pug/ml]

Plot 11.Impact of the coating of porous glass beads by t-Gluthathione -Stransferase fusion protein on t
binding of GOx

We observed a little increase of the activity af #n:iyme at ahigherconcentration of

both proteins as well asa comparison to the activity of the GOx immobilizen the glas
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beads without any proteidt lower concentration of added proteins, the digtivecovery is

decreased than for glucose oxidase obilized on glass beads without any lin

4.3.3. IMMOBILIZED GOX ACTIVITY ASSAY ON

DIFFERENT CARRIERS USING HYDROPHOBINS AS
LINKERS

Impact of HFB4-His6 and HFB7-His6 on
the immobilization of GOx

120
X 100
>
S 80
>
S 60
o i HFB4-His6
>
g 40 W HFB7-His6
2 20
0 -

A B C Borosilicate

Polymers

Plot 12. Activity recovery after immobilization of GOx onftérent polymers using HFE-Hiss and HFB7-Hig
from P. pastoris as linkers. A PET, E - kapton, C - mylar.

The plot 12. shown above depicts the activit GOx immobilized on four differer
nonporous carriers. The activity of the enzyme isingtd but it is visible that there a
differences both in the case of u carrier and used hydrophobin. In caskapton (Polymer
B) we observed a significant binding of glucosedase in both cases in comparison to o
carriers. Fomall cariers, the HFE-Hisg shows higher binding of enzyme, when compare
HFB4-(His;). Inspite of the differences in binding affinities oFB4-Hiss and HFB’-Hisg, the
results have shown that the type of the carrieeyspk vital role in the binding proce

Borosilicate and kaptohave achieved better results when compared to RETnglar
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4.4. IMPACT OF HYDROPHOBINS ON TRYPSIN

4.4.1. TRYPSIN ACTIVITY IN THE PRESENCE OF HFB4

As in the earlier tests with cellulases and GOxested our hypothesis using the r

enzyme — trypsin.

Impact of the presence of Glutathione-
S-transferase on the activity of trypsin
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Plot 13.Impact of the preincubation of 0.05 mg/ml trypsiithaGlutattione-Stransferase on its activi
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Impact of Glutathione-S-transferase-
HFB4 fusion protein on the activity of
trypsin
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Activity [U/mg]

50

Plot 14.Impact of the preincubation of 0.05mg/trypsin with Glutathione-$ransferas-HFB4 fusion protein
on its activity

Plots 13 and 14 show the activity of trypsin af8é minutes of preincubation wi
GST and GSTHFBA4. Here, wedid not observe angnhancement of the trypsin activity in

presence of the fusion protein. For GST the agtsétems to be concentrat-depending.

4.4.2. ACTIVITY OF TRYPSIN IMMOBILIZED ON POROUS
GLASS BEADS

To test the hypothesis, wiher trypsin can better bind to the glass bead when
coated by GSHFB4, what we could observed based on the act
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Impact of the presence of Glutathione-
S-transferase on trypsin activity binding

onto porous glass beads
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Plot 15.Impact of the coating by Glutathic-S-transferase on the binding of trypsin onto pordasgbead

Impact of the presence of Glutathione-
S-transferase -HFB4 fusion protein on

£  trypsin activity binding onto porous
>
g glass beads
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g
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Plot 16.Impact ofthe coating by HFB-Gluthathione-Sransferase fusion protein on the binding of trgpmito
porous glass beads

For both GST and GSHFB4, we observed an increase activity recoverjoaer
protein concentration and its decrease at highecexttration f added proteins in comparis
to the activity of trypsin immobilized on the onpyetreated glass bead for C and GST-
HFB4, whereas at digher concentration of GST, the decrease is sagmfly higher.
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However, Glutathione-&ansferase fusion protehas shown better enzyme activity bindi
when compared to thelutathion+-S-transferase.

4.4.3. IMMOBILIZED TRYPSIN ACTIVITY ON DIFFERENT
POLYMERS WITH HFB4-(His¢) AND HFB7-(His¢) AS LINKERS

Impact of HFB4-His6 and HFB7-His6 on
the immobilization of trypsin

16
_ 14
J
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=
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.% 4 - H HFB7-His6
<

2 4

0 4

A B C Borosilicate
Polymers

Plot 17 Trypsin activity recovergn different polymers using HFI-Hiss and HFB7-Hig from P. pastoris as
linkers. A - PET, B - kapton, Cmylar.

On the plot 17. is shown the activity recovery tud trypsin immobilized on differel
membranes. In all cases, the enzyme activity wsned, however in this case HF-Hisg
coated polymers have shown lower enzyme activitydibig, when compared to carrie
coated by HFB7. There are no significant differenlbetween used polymers for HF-Hisg
in the activity recovery, however, in the case &B1-Hisg, these differencesre observed.
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5. DISCUSSION

The results of this master thesis present expetahebservations of the influence of the
heterologously overexpressed HFB4 and HFB7 as rupioteins fromT. virens on the
activity of some important industrial enzymes sastcellulases, glucose oxidase and trypsin,
which were used for the experiments. The methodnohobilization of enzymes using
hydrophobins as a linker for non-covalent bindiag been proposed.

The outcome of activity test of cellulases preirateld with GST-HFB4 have
demonstrated that hydrophobins have a concentradepending impact on cellulases
activity. Only at two concentrations (5 and 35mbly/is the activity higher, when compared
to the activity of cellulases in the presence ef @ST. In this case, we can suppose that the
fusion protein, despite the higher solubility dwethe presence of the fusion partner, can
create multimers (Szilvay et al., 2006), which ¢tdmck the enzyme active site due to their
size. We cannot also reject the possibility of gatiee interaction between monomers and the
enzyme active site.

Although, HFB2 and HFBL1 fronT. reesei are identified as some of substrate binding
proteins acting via cell adhesion (Adav et al., 201n case of cellulases activity with filter
paper as non-soluble substrate, the results didphie hypothesis that hydrophobin GST-
HFB4 can enable a better cellulases binding to dpfubic cellulose surfaces. A reason for
this observation could lie in the presence of th&dn partner, however, the cleavage of the
tag was not done, because of the loss of the pratethe interest. (Espino-Rammer et al.,
2013)

The immobilization of cellulases on porous glasadseusing GST-HFB4 as linker
showed a slightly enhancement of enzyme bindingielver, the activity recovery is too low,
when compared to the recovered activity of celkesabounded on porous glass beads via
covalent binding (Rogalski et al., 1985). As thas@n for so slight activity recovery could be
a influence of the enzyme orientation in the spacmass transport limitations due to the size
of the fusion protein. If enzyme is bounded in tivaly, that active site is not available to the
substrate, or enzyme unfolding upon immobilizatieroccurred then the activity would be
lower. (Liu et al., 2013).

In case of immobilization of cellulases on differenembranes using HFB4-(Hgsand

HFB7-(His), the obtained results show that neither type ombrane nor type of used
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hydrophobin has any impact on the immobilizatiorihef cellulases and therefore we assume
that the immobilization of cellulases using thigtbéliss-tagged HFBins seems to be not
possible. As for immobilization of cellulases oagg beads, the reason can lie in the enzyme
inactivation upon immobilization process or in #reyme orientation on the membrane.

Activity test of glucose oxidase in the presenc&&T-HFB4 has shown no significant
enhancement of the enzyme activity. As in the aaiséree cellulases, we suppose that
monomers or created multimers (Szilvay et al., 206 block the enzyme active site and
thus make the enzymatic catalysis not possible.

Although, hydrophobin SC3 fromchizophyllum commune belonging to class |
hydrophobins has shown its possibility to succdssiiuding of GOx on the glassy carbon
electrode (Corvis et al., 2005), the immobilizatmhGOx on the non-activated porous glass
beads has shown that the usage of GST-HFB4 fusairip as a linker between a carrier and
enzyme is insufficient. In this instance, it is paped that the size of fusion partner can play a
crucial role causing increase of mass transpoitdilons. We also cannot exclude the impact
of the enzyme’s space orientation after immobii@aton the layer created by GST-HFBA4.
(Liu et al., 2013).

Different enzyme activity binding is presented lie experiments using hydrophobins c-
terminally linked to His overexpressed iR. pastoris. Here, the kind of hydrophobin and
membrane has an impact of the glucose oxidaseitgictecovery, however, HFB7-(Hig)
shows better possibility to bind enzyme activityadhnon porous carriers, when compared to
HFB4-(His)k. Thus, we can conclude that enzyme can be immzebliliHowever, the type of
membrane and used hydrophobin plays a role imptioisess.

As for cellulases and glucose oxidase, the resilitained for the third enzyme, namely
trypsin, has shown loss of enzyme activity in thespnce of GST-HFB4 fusion protein. Also
in this case, we cannot exclude the impact of maremor multimers, formed by
hydrophobins in a free solution, which can blook é€mzyme active site.

Despite the fact that trypsin undergoes an inatitimaupon adsorption on hydrophobic
surface, it has been recently shown that trypsm lm&a successfully immobilized in active
form on Teflon coated by hydrophobin SC3 fr&tommune (Harm et al., 2002). It approved
the ability of hydrophobins to modulate the surfabgdrophobicity. Moreover, the
immobilized enzyme activity and its stability wemsintained for 1 month at 4°C. (Harm,

2002) Hydrophobin-mediated immobilization of trypsdin porous glass beads has shown
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successful enzyme binding compared to GST. Ourlteesudicates, that HFB4 is able to
modulate a hydrophobic surface into hydrophilic #ng enable enzyme biding.

The findings of immobilization of trypsin via hydybobins HFB4 and HFB7 c-
terminally linked to Hisand overexpressed iR. pastoris has shown that membranes bind
more enzyme when layers of HFB7-(Higye used. However the activity recovery is too.low
As the reason could be a small surface of the bgeds membranes, because non-porous
carriers have small specific area compared to @oauriers, what can reflect in smaller
specific activity. Thus, it could be a good reasmna usage of porous, made of e.g. kapton
beads, to test if the activity recovery would bgher. For membranes with layer of HFB4-
(His)s, we could not see any significant differences leetw used for immobilization

membranes.
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6. CONCLUSION

Enzymes are widely-used proteins catalyzing mamgnobtal reactions. Since, they
have found applications in medicine, pharmacy amtustry, it is needed to search for
methods of their activity improvement or lifetimeofonging. So far, there have been reported
many methods of enzyme immobilization, which causieeir reusability and prolonged
action.

In this thesis, we tested the impact of hydrophsldiom T. virens on the enzyme
activity and enzyme immobilization for cellulasghjcose oxidase and trypsin. The obtained
results have shown, that there is no enzyme actanhancement of all used free enzymes.
However, the hydrophobin-mediated immobilizatiorghfcose oxidase has shown significant
differences between used supports and used hydophavhen we used non-porous
membranes.

Nevertheless, we do not deny the application of régkdobins as linkers for
immobilization, however, these results can be usedurther investigations, because of a
need for research, how they interact with enzyrhes; alter the conformation of the enzyme
after the immobilization an how exactly the presené the fusion partner influences the
interaction between hydrophobin and enzyme andhd& homologously overexpressed

hydrophobins could have better properties for pligpose.
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8. CHEMICALS

CHEMICAL LIST

The table below shows all chemicals in an alphabktrder, we used during the

procedures under section 3.

Name Formula MW | Purity/Concen | Supplier | Comm
[g/m tration ents
ol]
acetic acid (glacial C,H40, 62'0 100% p.a. Roth diﬂier
I 71.0 highly
Acrylamide CsHsNO 3 Roth {OXIC
agar agar n/a n/a n/a n/a n/a
. _— 154. highly
Bis acrylamide C7H1002N> 10 n/a Roth {OXIC
Bovine serum n/a 69,0 98% Roth n/a
albumine 00
Colloidal staining n/a n/a n/a n/a n/a
solution
D-glucose CsH1206 1f((3) ' n/a Roth n/a
dipotassium 174
hydrogen KoHPO, ' n/a Roth n/a
20
phosphate
disodium hydrogen 141.
phosphate N&HPQ, 96
Distilled water dHO 1?'0 n/a n/a n/a
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Double destilled

18.0

water ddH,O 1 n/a n/a n/a
Gluthathione n/a n/a n/a GELifesci n/a
Sepharose 4B ences

Hydrochloric acid HCI 32'4 37%
238. 0 . Storage

IPTG CoH180sS 3 99.0% Fermentas at 4°C

60.1
Isopropanol CH3CH(OH)CH; 0 99.0%
L-Gluthathione 307. 0 Sigma
reduced n/a 32 98% Aldrich | na
Nitric acid HNO; 63.0 67% Roth df‘)ﬂger

L 244, Sigma | Soluble
o-dianisidine C14H16N>0O> 29 Aldrich in acid
pepgggee)i:]rom n/a n/a n/a Roth n/a

Phenol CeHsO 94;.1 n/a n/a toxic

74.5 0
Potassium chloride KCl 6 99.995% Roth n/a
Potassium 136
dihydrogen KH.PO, ' 99.9%
09
phosphate
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Protein ladder

Storage

prestained PAGE n/a n/a n/a STcri](SthTi]f(i)c at -
Ruler 20°C
. 82.0 Sigma
sodium acetate CH3COONa 3 99.0% Aldrich
. 105.
Sodium carbonate NaCOs 99 99.5% Roth
Sodium 288
dodecylsulfate Ci2H2sNaO,S 38 ' 99.0% Roth
(SDS)
. . 58.4
Sodium chloride NacCl 4 99.0% Roth
Sodium hydroxide NaOH 40.0 99.0% Roth
SOd“:;?tgro;f‘eSS'“m KOCOCH(OH)CH(O | 282.
tetrahydrate H)COONa - 4HO 22
sodium sulfate NaSOy léf
. . 98.0 Sigma | danger-
Sulfuric acid H,SO, 3 99.999% Aldrich 0US
Tetramethylethylen 121. 0
ediamine C4H11INO5 14 99.9% Roth n/a
Triton X-100 C14H2.0(CH40), n/a
yeast extract n/a n/a n/a Roth
78.1 .
B-mercaptoethano C,HsOS 3 99.0% Merck Toxic
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Phosphate buffered saline (PBS)

Contain
1x dye reagent for S
Bradford methan
n/a n/a n/a Biorad | ol and
phosph
oric
acid
. White
e | ciion | 46| 990% | Sima | powder
by 1871257118 39 aldrich | storage
at -
Ammonium .
228. 0 Sigma
persulfate (NH4)2S,0s 20 98.0% Aldrich n/a
ampicillin Ci16H18N3NaO,S 337;[ 99.0% Roth n/a
Dinitrosalicylic (O2N)2CgH2-2- 228. 0 Sigma ,
acid (OH)COH 12 98% Aldrich | X
N-Benzoyl-L- .
. 342. Sigma | Storage
arginine C15H2oN403-HCI 82 n/a Aldrich at 4°C
hydrochloride
BUFFERS

For 1 liter of buffer weigh 8.0 g of NaCl, 0.2 g€l, 1.44 g NaHPO, and 0.24 g of
KH,PQ,. Dissolve all compounds in 800 ml of gb} adjust to pH 7.4 with HCI or NaOH.
Bring then the volume with deionized water until. Bterilize the buffer by autoclaving at 15

psi, at 121°C for 15 minutes. Store the sterilédyudt 4°C.

PBS — Triton X — 100

For PBS — Triton X — 100 buffer mix 200 ml of PB8ffier with 10 ml of 20% (v/v)

Triton X — 100 in deionized water.
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100 mM TRIS — HCI pH 7.6

Prepare 12.11 g of TRIS and dissolve it with 80®hdH,O. Adjust using HCI to pH
7.6. Complete with dpO until 1L.

1.5M TRIS — HCI pH 8.8

Dissolve 90.75g of TRIS and 2g of SDS in 350 milbtO. Adjust pH to 8.8 with 6N
HCI and Bring the volume to 500 ml.

0.5M TRIS — HCI pH 6.8

For 0.5 liter of the buffer dissolve 30.25 g of BRAnd 2 g of SDS in 350 ml of d@.
Adjust pH to 6.8 and bring the volume to 0.5 L.
50 mM TRIS — HCI pH 8.0

Weigh 6.055 g of TRIS and dissolve it with 800 ridé1,O, Adjust with HCI to pH
8.0. Bring the volume with d}© up to 1 L.
Elution buffer

For preparing the elution buffer weigh 30 mg ofueeldd Glutathione and dissolve it in
10 ml of 50 mM TRIS — HCI pH 8.

50 mM citrate buffer pH 4.8

Dissolve 19.21 g of citric acid in 800 ml of digidl water. Dissolve NaOH pellets in
citric acid solution until you get pH 4.5. Complétee volume until 1L. Take 500 ml of 100
mM sodium citrate buffer pH 4.5 and bring the votummtil 800 ml. Adjust pH with 1M
NaOH to 4.8. Complete the volume until.1L

67 mM potassium phosphate buffer pH 7.6

Prepare 0.5 liter of 67mM potassium phosphate buffel 7.6 by dissolving
4.02 g of anhydrous potassium diphosphate andgtafedipotassium phosphate in 400 ml of
distilled water. Adjust pH with NaOH up to pH 7.8dfill the solution up to 500 ml.

50 mM sodium citrate buffer pH 5.1
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Weigh out 3.4 g of sodium acetate (trihydrate) dissolve it in 400 ml of dpO.
Bring the pH down using glacial acetic acid to &l finally adjust the volume to 500 ml.

MEDIA FOR FERMENTATIONS

LB Plates with Amp

For 1 liter of LB Agar prepare 10 g of peptone froasein, 5 g of yeast extract, 10 g
of NaCl and 15 g of Agar — Agar. To dissolve adaat the mixture until it boils and then
sterilize by autoclaving at 15 psi at 121°C for rbinutes. Afterwards allow the medium
tocool down to about 60°C and then add 1ml of tinep#illin Stock solution (100 mg/ml).
Then pour the medium into petri dishes under steoinditions

LB Medium with Amp

For 1 liter of liquid LB Medium the same amountpaptone, yeast extract and sodium

chloride are needed as described above except-Adgar.

OTHER SOLUTIONS

DNS

Weigh out 182 g of NaKtartarate, 10 g NaOH, 10 g3)R g Phenol and 0.5 g p&O..
Dissolve all ingredients in 600 ml of distilled watBring the volume up to 1 L. Store under

the hood in a brown coloured bottle to avoid ligkposure.

COOMASSIE BRILLIANT BLUE G250 STAINING SOLLUTION

Mix 16 ml of HsPO, with 768 ml of distilled water. To this solution @@0 mg of
ammonium sulfate. Prepare 50 ml of 5% CBB G250 isgalving 2,5 g of CBB G250 in
distilled water. Mix 16 ml of of 5% CBB G250 soloti with solution of ortho-phosphoric
acid containing ammonium sulphate. Immadiately teefthe use, slowly add 200 ml

methanol to the solution.
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ANTIBIOTICS

Ampicillin Stock Solution

Dissolve 5 g of Ampicillin in 30 ml of 50% Ethanahd then fill it up to 50 ml.
Sterilize the solution using 0.22 um filter undiarde conditions. Aliquot and store at -20°C.

ENZYMES
Enzyme Supplier Comments
Cellulases Tex Biosciences Ltd. Store at 4°C
Glucose Oxidase from Sigma Aldrich Store at -20°C
Aspergillusniger

Horseradish Peroxidase Sigma Aldrich Store at -20°C
Trypsin from bovine Sigma Aldrich Store at -20°C

pancreas

EQUIPMENT AND KITS

Name Supplier
Alkaline phosphate conjugate kit Biorad
Analytical balance Sysmatec
Centrifuge Eppendorf

Deep well plates

Glass beads Sigma aldrich

Incubator Heraus

Microreader

Mini-PROTEAN Tetra Cell BIORAD

Pipette tips (0.1-10pul) Eppendorf

Pipette tips (50-1000ul)

Power supply for Mini-PROTEAN Tetra Cel|

BIORAD
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QIAquick Gel Extraction Kit Qiagen
Shaker Type multitron Infors HT
Thermomixer compact Biometra
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10. APPENDIX

CALCULATIONS

Calculation of Cellulases Activity with PNPL as sble substrate

Given: Molar extinction coefficient ofe= 0,078umole*cm*
Calculate: Using the Lambert-Beer’s law

A=¢cl
And the definition of Unit

_umole

min
Substitute Lambert-Beer’s equation into equatiarifoit definition and divide it by mass of
enzyme

U Av

m_g ltw
A- Absorbance

v — total volume of reaction mixture
| — length (1 cm)
t —time

w - weight of used enzyme

Conc. | Average| SD Activity Conc. | Average| SD Activity
Of GST1 [U/mg] Of [U/mg]
GST-
HFB4
0 0,707 0,06 457,06 0 0,707 0,060 | 457,53
5 0,862 0,014 | 564,57 5 0,963 0,055 | 634,16
10 0,889 0,014 | 583,99 10 0,809 0,036 | 528,51
20 0,945 0,016 | 621,44 20 0,800 0,057 | 521,11
35 0,876 0,039 | 570,12 35 1,444 0,109 | 967,08
50 1 0,025 | 657,51 50 0,679 0,013 | 435,57
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Calculation of Cellulases activity with Whatmanillef paper as non-soluble substrate

Given: Standard curve for glucose

Measured enzyme amount: 0,0135 mg

1,2
Standard curve glucose for FPA
1 y=0,177x+ 0,093
R*=0,997
o
3 08
®
Q
£ 06
s /
§ 0,4 -4 Seriel
2 /
0,2
O T T T T 1
0,05 0,1 0,15 0,2 0,25
Glucose amount (mg)
_ A540 sample
FPU/mg 1540/mg standard (5.55 pmole/mg) (1/t) (1/x mg)
t—time
ng/cn® | Average| SD Activity Conc. | Average| SD Activity
[FPU/mq] Of [FPU/mq]
GST-
HFB4
0 0,238 0,036 | 4,12 0 0,707 0,060 12,130
1,6 0,516 0,030 | 8,94 1,6 0,963 0,055 12,249
3,2 0,492 0,017 | 8,52 3,2 0,809 0,036 11,910
11,2 0,489 0,022 | 8,46 11,2 1,444 0,109 13,230
16 0,496 0,013 | 8,60 16 0,679 0,013 15,396
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Activity determination of immobilized cellulases

Given:

for glass beads

Molar extinction coefficients=0.078 pmolécm™

The activity was calculated using formula below:

Av
etl

The activity of the total enzyme solution usedtfor reaction was determined like above.

The activity recovery [%] was calculated using filenula

sample

activity recovery —UU Py 100%

GST | Activit | Activi | SD Activit Conc | Activit | Activit | SD Activity
conc. |y ty y .Of |y y total recovery
[Lg/m | sample | Total recover| | GST-| sample [%]

1 [U] [U] y [%] HFB

4

0 0,479 0,002 | 4,28 0 0,479 0,002 4,28
0,0z | 0,819 11,17| 0,002 7,32 0,02 0,599 | 11,17 | 0,001 5,36
0,2 0,564 0,004| 5,04 0,2 0,756 0,001 6,76
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For membranes

Given: standard curve

Standard curve PNP
0,14
0,12 V= 0,031x-0,0
E o1
3 //
(O]
§ 0,06 / —o—Seriel
g 0,04 / Liniowy (Seriel)
£ 0,02
0 _/ T 1
002 0 12.5 25 50 100
Concentration (uM)
HFB4-(His)
Membrane Activity sample| Activity total SD Activity
[U] [U] recovery [%]
PET 0,018638| 5597133 0,002517 0,332992
Kapton 0,017204 0,002517 0,307377
Mylar 0,017634 0,011269 0,315061
borosilicate 0,018065 0 0,322746
HFB7-(Hiss)
Membrane Activity sample| Activity total SD Activity
[U] [U] recovery [%]
PET 0,017778| 5597133 0,005774 0,317623
Kapton 0,017778 0 0,317623
Mylar 0,019785 0,002828 0,353484
borosilicate 0,016774 0 0,299693
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GLUCOSE OXIDASE
GOx activity determination
Given:

Molar extinction coefficient: 9,6 mdtm™ of oxidized o-dianisidine stabilized by sulfuric
acid

Weight of used enzyme in solution: 0.000048 mg
The activity of the enzyme was calculated usingrentila:

U/mg = (A*1,2)/ (9,6*1*0,000048)

Conc. | Absorbance SD Activity Conc. | Absorbance SD Activity
Of GST | Average [U/mg] Of Average [U/mg]
GST-
HFB4
0 0,049 0,006 | 316 0 0,049 0,006 |316
5 0,0065 7E-04 | 25,5208 5 0,052 0,006 | 27,0833
10 0,0635 7E-04 | 3,3854 1C 0,023 0,005 | 11,7188
20 0,0460 0,01 33,0729 2C 0,063 0,006 | 32,5521
35 0,0713 0,006 | 23,9583 35 0,08 0,004 | 41,4063
50 0,0790 0,009 | 37,1528 5C 0,075 0,006 | 39,2361

Immobilized GOx activity test

The activity [U] and then the activity recovery [4&s calculated as for cellulases on glass
beads and on membranes

GST | Activit | Activi | SD Activit Conc | Activit | Activit | SD Activity
conc. |y ty y .Of |y y total recovery
[Lg/m | sample | Total recover| | GST-| sample [%]
1 [U] [U] y [%] HFB
4

0 2,250E- 0,008 0 2,250E- 0,008

03 3,275E 68,70 03 3,275E- 68,70
0,0z | 2,167E- | o3 0,0z 0,599 |o3 0,001

03 0,0014 | 66,15 68,32
0,2 2,688E- 0,2 0,756 0,001

03 0,002 | 82,06 91,98

79



GOx on membranes

In case of membranes the activity was calculat@tus standard curve for quinoneimine.

GOx standard curve for
guinoneimine

0,7
0,6
0,5
S 04
2 03
< 0 —eo—A510
0,2
0:1 ......... Llnlowy (A510)
0
0 0,02 0,04 0,06
Activity (U/ml)
HFB4-(His)
Membrane Activity sample| Activity total SD Activity
[U] [U] recovery [%0]
PET 0,00159| 0,012326 0,007572 12,90323
Kapton 0,010172 0,041477 82,52688
Mylar 0,000828 0,000577 6,72043
borosilicate 0,005368 0,046669 43,54839
HFB7-(Hiss)
Membrane Activity sample| Activity total SD Activity
[U] [U] recovery [%0]
PET 0,002883| 0,012326 0,009539 23,3871
Kapton 0,012028 0,052144 97,58065
Mylar 0,005799 0,015535 47,04301
borosilicate 0,006262 0,004 50,80645
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TRYPSIN

The activity of the trypsin was calculated usingriala below:

U/mg = (A-(-0.003)/(0.001*0.03*0.05)

Conc. | Average| SD Activity
Of GST [U/mg]

0 0,004 0,001 4740,741
5 0,006 0,001414 6000,000
10 0,006 0,000707 4000,000
20 0,008 0,000707 5333,333
35 0,01 0,001414 6666,667
50 0,01025 | 0,003182 6833,333

Conc. | Average| SD Activity

Of [U/mg]

GST-

HFB4
0 0,004 0,001 4740,741
5 0,0034 0,000 4250,000
10 0,0050 0,003 3333,333
20 0,0054 0,003 3600,000
35 0,0045 0,001 3000,000
50 0,0070 0,002 4688,889

Immobilized trypsin activity test

The activity [U] and then the activity recovery [Whs calculated as for cellulases on glass
beads and on membranes

GST | Activit | Activi | SD Activit Conc | Activit | Activit | SD Activity
conc. |y ty y .Of |y y total recovery
[Lg/m | sample | Total recover| | GST-| sample [%]
1 [U] [U] y [%] HFB
4

0 0,3005 0 49683,3 0,3005

49683,33| 1 ;5700 |2 31,64544 3 2 31,64544
0,0z 0 0,3464 0,0 | 78555,5 | 157000 | 0,4858

97166,67 82 61,8896 6 33 50,03539
0,2 0,6368 0,2 18416,6 0,0318

85111,11 94 54,2109 7 2 11,73036
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In case of trypsin on membranes with his-tagged H&Bd HFB7, the activity [U] was
calculated from a standard curve for asocaseirctegpbelow by multiplication by the
volume of the reaction mixture.

Absorbance at 440 nm

Standard curve for Trypsin from bovine
pancreas with azocasein

0,15

0,1

0,05

0 25 50

75 100

Activity (U/ml)

150 200 300 400

—¢—Seriel

Afterwards, the activity recovery was calculatedasther immobilized enzymes.

HFB4-(Hisg)
Membrane Activity sample| Activity total SD Activity

[U] [U] recovery [%]
PET 0,988665| 8,919459 0,003606 11,08436
Kapton 1,008301 0,008622 11,3041
Mylar 0,986689 0 11,06221
borosilicate 1,005817 0 11,27666)
HFB7-(Hisg)
Membrane Activity sample| Activity total SD Activity

[U] [U] recovery [%]
PET 0,989597| 8,919459 0,009238 11,0948
Kapton 1,338438 0,005132 15,0054
Mylar 1,149372 0,007778 12,8861
borosilicate 1,151628 0 12,91141
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