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Summary

1 Summary

Neutrophils are key players of the innate immune system and are the most important
effector cells of antibacterial defense. They carry an abundant poolglolfy active
neutrophil serine poteases that are mostly known for their destructive role during
inflammation. In the past, much focus has been placed on proteinase 3 (PR3) and
especially neutrophil elastase (NE) with regard to their destructive rolegdechionic
inflammation. In recent years it has been shown that PR3 and NE are also regulators of
inflammation and can influence the course of the inflammation. To deepen our
understanding of the prioaflammatory function of PR3 and NE, | analyzed theieet$

on chemokines in the first part of my thesis. | focused my work on one class of
chemokines, the scalled ERL CXC chemokines, which attract neutrophil®f
particularlinterest wasMlIP-2 as it is expressed in neutrophils. | was able to show that
recanbinant PR3 and NE can process th&eNninus of MIR2. This trimming enhances

the chemotactic activity of MH2. Extending the N but not the @erminus abolished the
chemotactic properties of MIP. As only active MIF2 can trigger internalization of ¢h
corresponding receptor, CXCR2, | used FACS analysis to determine the CXCR2 binding
properties of MIP2. CXCR2 internalization was not observed on PR3/NE deficient
PMNs when using Merminally extended MIR2. Only wild type PMNs were able to
convert inadve MIP-2 into an active form and to trigger CXCR2 internalization. |
concluded that MIR2 is a substrate of PR3 and NE and processing of2MéRhances
recruitment of neutrophils.

In the second part of my thesis, | focused on an alternative regulatidg attivity. |
discovered that NE cleaves itself near the active site betwé&naad G, thereby
changing its substrate specificity. To compare the-d¢hain form with intact NE, the
exact active amount of each form was determined by titration. WHgléwochain form

of NE was much more slowly inhibited by 1-protease inhibitor ({LPI), the most
important inhibitor of elastase in the plasma, it retained its substrate specificity towards a
certain subset of substrates. Deficiency Wil is associateavith a higher risk of
emphysema. In view of the pathogenicity of NE in several lung diseases, synthetic
elastase inhibitors have been developed in pharmaceutical companies as potential
therapeutic gents. | showed that one of the available small molaahigitors inhibited

the twoechain form of NE only weakly. In conclusion, | detected a proteolytically
modified form of NE that was able to escape inhibitionCf?l. This has been so far
overlooked and was not considered during drug developmenstiMies provided strong
evidence that the twohain form of NE retaimits pathogenicity.

-1-



Zusammenfassung

Zusammenfassung

Neutrophie Granulozyten sind ein wesentlicher Bestandteil des angeborenen
Immursystemsund sind die wichtigsten Effektorzellen fir die bakteriellew&hr. Sie
fuhren groRe Mengen an hochaktiven NeutrophBeninproteasen mit sich. Letztere sind
besonders wegen ihrer destruktiven Rolle bei Entziindungsprozessen bekannt und
bedeutsam geworden. Der Schwerpunkt in der Erforschung von Proteinase (@R 3)
NeutrophilenElastasg NE) war bisher auf ihre pathogene und destruktive Funktion bei
chronischen Entziindungen gerichtet. Erst in den letzten Jahren wurde jedoch deutlich,
dass PR3 und NE Entzindungsprozesse steuern und somit Entzindungsverlaufe
beeinflssen kdnnen. Undie entzindungsforderlichen Effekte von PR3 und NE zu
charakterisierenhabe ich die Wirkung von PR3 und NE auf Chemokine untersucht. In
meiner Arbeit habe ich mich vor allem auf die sogenannten®BLRC-Chemokine
konzentriert, welche haugiichlich Neutrophile anlocken. Mein Interesse galt vor allem
MIP-2, da dieses auch von Neutrophilen produziert wird. Ich wies nach, dass PR3 und
NE gezielt das Merminale Ende von MHW2 prozessieren. Die Verklrzung des
N-Terminus von MIP2 erhoht die cheotaktische Aktivitdt von MIF2. Die
Verlangerung des I\ nicht aber die des -Terminus, hebtdie chemotaktischen
Eigenschaften von M2 auf. Da der entsprechende Rezeptor, CXCR2 genannt, nur nach
Stimulierung mit aktivem MIR2 internalisiert wird, habe licdie Bindung von MIR2 an
CXCR2 mittels Durchflasztometrie bestimmt. Eine CXCRIAternalisierung fand in
Granulozyten mit PR3/Nbefizienz nicht statt, wenn Jd&rminal verlangertes M2
verwendet wurde. Nur Wildtypzellen konnten inaktives MIPin aktves MIR2
umwandeln und damit die CXCR@aternalisierung auslésen. Ich schlussfolgerte daraus,
dass MIP2 von PR3 und NE prozessiert wird und dies die Rekrutierung der Neutrophilen
beschleunigt.

Im zweiten Teil meiner Arbeit, untersuchte ich eine alteweatkegulierung der NE
Aktivitat. Ich entdeckte, dass NE sich in der Nahe des aktiven Zentrums zwistifen A
und G*®° selbst schneidet und dadurch seine Substratspezifitat verandert. Um die intakte
und die zweikettige NEEorm zu vergleichen, wurde die exal¥lenge an aktiver NE fur
beiden Formen mittels Titration ermittelt. Obwohl zweikettige NE viel langsamer von
U-1-Protease Inhibito{ 1Pl), dem wichtigsten Elastaseinhibitor im Plasnajibiert

wird, behélt die zweikettige NE ihre Substratspezifitatdiie Subgruppe von Substraten
bei . Ei ngeschr 2nklPeerhdhn ekabnietmalem das Risiko Hfur U

-2-



Zusammenfassung

Emphysem Aufgrund der pathogenen Rolle von NE bei Lungenkrankheiten und anderen
chronischentziindlichen Erkrankungen wurden synthetisdHastaseinhibitoren von

vielen pharmazeutischen Firmen entwickelt. Ich konnte zeigen, dass ein
niedermolekularer Elastagehibitor, ein bereits in klinischen Studien verwendeter
Wirkstoffkandidat, den uns AstraZeneca zur Verfligung stellte, die zweikaliegeorm

nur sehr schlecht inhibiert. Ich konnte schlie3lich eine proteolytisch modifizierte Form

der NE nachwei sen, d i e 1Pbkpartel entzieht. Didse Formb i er un g
wurde bisher Ubersehen und daher nicht bei der Medikam&ntancklung

berlicksichtigt. Viele Hinweise in meinen Studien weisen darauf hin, dass NE nach

autoproteolytischer Modifikation ihre Pathogenitat beibehalt.
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2 Introduction

2.1 Neutrophil granulocytes

Our body has developed a fine tuned immune system to fight microorgamsatreré

able to cross the physical barriers of our body such as the skin. The first line of defense is
formed by leukocytes of the innate immune defense system with neutrophils as the key
players. A distinctive feature of granulocytes is the lobulatedenacwhich earned them

the name polymorphonuclear cells (PMNs). Neutrophils are the most dominargssubcl

of PMNs. They make up 400% of all peripheral blood leukocytes, while eosinophil and
basophil granuloags only constitute less tha®o5of leukocyts. The importance of
PMNs can be seen in patients with neutropenia, who stmoivcreased risk of infections

with PMN counts considerably reduced and below 1500 per pl. Patients with neutrophils
below 500 per ul have a severe risk of serious infectidaseway et al., 2005; Metcalf,
1991)

Neutrophils are the first cells tarrive at an inflammatory site after residential
macrophages are alerted to local danger signals. They form the majority of leukocytes
within the first hours of inflammation before they are followed by blood derived
macrophageqJaneway et al., 2005; Laemce et al., 2002)Once arrived at the
inflammatory site, they release the contents of their granules and stattt@vitbstruction

of invading micoorganisms. These granules are densely packed stores filled with
proteins like myeloperoxidase, defamsi antibacterial peptides and proteases that enable
the PMNs to react fast to immediate dang@®srregaard et al., 2007There are three
different kinds of granules, primary (azurophilic), secondary dffipe and tertiary
(gelatinase) granules. They are formed during different stages of granulocyte
development and thus differ in their conterfBorregaard, 2010)PMNSs internalize
pathogens via phagocytosis, where phagosomes fuse with lysosomes to so called
phagolysosome¢Janeway et al., 2005)rhe neutral pH of phagolysosomes activates
neutral proteases like threeutrophil serine proteased$P9, which are kept inactive by

the low pH and binding to proteoglycans in the primary granulasging theso called
respiratory burst PMNs produce reactive oxygen species (ROS) which together with other
antimicrobial proteins from the lysosomes, kill the engulfed bac{Brade et al., 2008;

Janeway et al., 2005AIthough killing microorganisms is an important functionisinot

-4-
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the only function of PMNs. PMNs are alswolvedin wound healing and regulation of

the immune response during inflammat{@ppelberg, 2007; Nathan, 2006)

2.2 Neutrophil serine proteases

Neutrophil serine proteases (NSPs) are a family of structurally related proteases that

consiss of four active members: neutrophil elastase (NE), cathepsin G (CG), proteinase 3
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Fig 2.1: Mechanism of serine protease catalysig¢A) features the initial state of active center. T
hydroxyl group of Sér°is polarized to a highly nucleophilic state with the help of Asand His’
and attacks the main chain of the substrate. The resulting tetrahedal intermediate is kept stab
oxyanion hole (grey circle) and His The tetrahedal intermediate is split into the amytyme
complex B) and the amino group of thet€rminal frayment after receiving a proton from FfisThe
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(PR3), and neutrophil serine protease 4 (NSP#)era et al., 2012; Pham, 2006hey
are chymotrypsiike serine proteases, whose active center features the catalytic triad
His>’, Asp®?and Ser*.

The reaction canédivided into twaosteps the acylation and deacylatiatep(Fig 2.1)
(Berget al., 2003; Hedstrom, 200ZJhe carboxylate group @sp™°?forms a hydrogen
bond with the imidazole ring from isf’, which in turn forms a hydrogen bond with
Ser'®. Because of these interactighg oxyge of Sel'® becomes strongly nucleophilic.
During the acylatiomeactionthe hydroxyl group of &' attacks the main chain of the
substrate and forms a tetrahedal intermedfat# shown) which is stabilized by the
oxyanion hole. Once the amine group receives a proton from i81é tHe tetrahedl
intermediate collapses intthe acylenzyme complexand the Germinal part of the
substrate and(Berg et al., 2003; Hedstrom, 2002)uring the deacylation step a water
molecule attacks the aeghzyme complex and protonatesH The resulting tetrahedal
complex(not shown)s kept stable by the oxyanion hole beforepiits into a carboxylic
acid product and the restored catalytic t({Bdrget al., 2003; Hedstrom, 2002)

A large proportionof the NSPs are active in the phagolysosome, where they degrade
ingested microorganisms. Their microbicidal ability is crucial for the defense against
bacteria and fung{Belaaouaj et al., 2000; de Haar et al., 200R¢eves et al., 2002)
NSPs are also known to degrade the extracellular matrix (ECM) which is useful for
extravasation, but uncontrollexkcessiveactivity can also lead to serious tissue damage
(Chua and Laurent, 2006; Pham, 20@#sides their destructive role, emerging evidence
indicates that NSPs can also regulate the inflammatory progésssenbrock et al., 2011;
Pham, 2006)

2.2.1 Regulatory functions of NSPs

The small fraction of NSPs that is released into the extracellular space upon activation is
thought to have aegulatory function. Externalized NSPs are bound to the membrane and
to neutrophil extracellular trap@NET9 (Brinkmann et al., 2004; Campbell et al., 2000;
Kessenbrock et al., 2009; Owen et al., 1986dther factor contributing to a prolonged
activity, is the local level of active lmbitors. These can be inactivated through oxidation

or proteolysigLiu et al., 2000; Owen and Campbell, 1999F5Fs are probably involved

in immune complex (IGmediated inflammation, since d@ediated inflammation is
impaired in NSRleficient mice(Kessenbrock et al., 2008; Raptis et al., 2005)

-6-
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Recently, it was shown that the amtiflammatory protein progranulin is degraded by NE
and PR3 (Kessenbrock et al., 2008Progranulininhibits tumor necrosis factot)
(TNF-U-induced immune responses, thereby reducing the respiratory burst and
degranulation(Zhu et al.,, 2002) Lack of PR3 and NHeads to an accumulation of

progranulin resulting in decreased inflammatjessenbrock et al., 2008)

Phamet al. showed that CG indirectly enhanced integrin clustering by an asigabwn
mechanism. Consequence of this effect is the reduced secretianacfophage
inflammatory protein 2 NIIP-2) from neutrophils. MIP2 belongs to the family of
chemokines and is crucial for recruiting PMNs. Indirect regulation of chemokine levels

are probably not the only way NSPs can modify chemokine activity.

2.2.2 Pathophysiological functions of NSPs

Despite the importa roleof NSPsin immune defense, a tight regulationtéir activity

IS necessary, as an imbalance between proteases and inhibitors often leads to disease.
NSPs are especially involved in chronic inflammatory diseases like emphysema and
chronic inflamméory lung diseases, which will be discusseddetail later (Roghanian

and Sallenave, 2008bJhe following diseases are examples that emphasize the need to
control the timing, localization and intensity of NSP activity. In addition, NSPs also play

an important role in granulomatosis with polyangiitis, an autoimmune djsease

independent of themctivity (Korkmaz et al., 2010)

2.2.2.1 Hereditary neutropenias

One example that demonstrates the importance of timing and sorting of NSPs can be seen
in cyclic and severe congenital neutropenidis disease iften associated with
mutations of ELANEthe gene encoding NE, resulting in a misplacement o{Ddte et

al., 2002; Klein, 2009) The function of NE in pathogenesis is not known yet. However,
several observations indicate that mislocalization and/or misfolding of NE is one
important factor that either induces apoptosis or inhibits differentiation of myeloblasts
into neutrophilg{Horwitz et al., 2007)

2.2.2.2 Papillon-Lefevre-syndrome

The ativity of NSPs needs to be tightly controlled. Too high or too little activity can
result in disease, as can be seen in patients suffering from Pdgmfievre syndrome
(PLS).In these patintsthe dipeptidyl peptidase | (DPPi#3 missing( Dal géc et al
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which is essential for the activation of NSPs. Because DPPI is missing, NSPs stay in their
pro-protease or zymogen form, thus PLS patients have nead¢EPs. In fact, even the
protein level of zymogen NSPs is redudee Haar et al., 2004, 2006Jhese patients
often have severe periodontal disease (periodontitis) as well as palmoplanter

hyperkeratosis, thickened skin on paimsand qolesal gec et al ., 2011)

2.2.2.3 Granulomatosis with polyangiitis

Granulomatosis with polyangiitis (GPA) is an autoimmune disadefned by the
presence of antineutrophil cytoplasmic autoantibodies (ANCA) and necrotizing vasculitis
(Korkmaz et al., 2010)These antibody recognize mainly PRE&allenberg et al., 2006)
Although inflammation can take place in every organ, the upper and lower respiratory

tract as well as the kidneyseathe most affecte@Korkmaz et al., 2010)

2.2.3 Chemokines as substrates of NSPs

Chemokines are a family of chemoattractant cytokines that bind pootgéincoupled
receptors expressed on leukocyfdaneway et al., 2005)The conserved f{erminal
cysteines of chemokines are used to divide the chemokines into four classes: CXC, CC,
XC and CX3C(Baggiolini, 2001) The C stands for cysteine and the X for any amino
acid residue. The receptors were named according to which chemokine class they bind.
The CXC class is further subdivided intbetnokines that feature an ELR motif before

the CXC motif or not(Baggiolini, 2001) In this study we focus on CXC chemokines
containing the ELR motif (ELRCXC chemokines), batise they bind to the CXCR2
receptor, which is expressed on neutroptBlaggiolini, 2001; Janeway et al., 2005)

2.2.3.1 Interleukin -8

The most important and best studied ECRC chemokine in humans is CXCLS8, also
known as interleuki8 (IL-8). InterestinglyIL-8 is also expressed byeutrophils at
relatively high levels(Scapini et al., 2000)Various naturally occurringl -8 isoforms
have been identified with different posttranslational modificatidnsrtier et al., 2008;
Proost et al., 2008)0One example is the citrullination of Arg5. It does not change the
chemotactic and angiogenic propertiedlo in vitro, but improves the stability df -8

in vivo (Proost et al., 2008)The most common modification tif-8 is the trimming of

the Nterminus(Mortier et al., 2008; Wolf et al., 2008)yhe amineterminal domain with

its ELR motif is essential for receptor activati@lark-Lewis et al., 1991)thus changing
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its length influences the chemotactic activitylof8. Several proteasés vitro are able to
procesdL -8 that can either enhance or inactivéte8 activity (Fig 2.2) (Mortier et al.,
2008; Wolf et al., 2008)For example matrix metallopi@inase 1ZMMP-12) inactivates
IL-8 by destroying the ELR motifDean et al., 2008)n contrast, cleavage ¢f -8 after
Ala’ by PR3 convertdL-8 to a more chemotactic form(Nourshargh et al., 1992;
Padrines et al., 1994)

MMP-12

AVLPR*TSTATKE LLRCQCIKTN

MMP-8 | PR3
MMP-9

* citrullination site
T chemotactic enhancing cleavage site
¢ inactivation cleavage site

Fig 2.2: Naturally occurring modifications of IL -8 at the N-terminus. This figureshows
the Nterminal sequence ¢f -8 from Ala' to Thr’. MMP-12 cleavesithin the ELR motif
of IL-8, thereby inactivatingt. Trimming of the Nterminus by MMP8, MMP-9 and PR3
enhances chemotactic activitylaf8. Citrullination ofIL-8 has no influence on chemotact

activity, but enhances stability tf-8 in vivo.

2.2.3.2 Murine CXCELR *

While there are sevehuman ELR+CXC chemokines, only four were found in mice:
MIP-2, LIX, KC, DCIP-1. None of these are true homologuesllof8, but like IL-8
macrophage inflammatory protein (MEPor CXCL2) is very abundantly expressed in
neutrophils and can therefore be nelgal as the appropriate murine equivalentLeB
(Pham, 2006) Very little is known how chemokine processing oceungvo.

2.3 Neutrophil Elastase

Neutrophil elastase, named for its abilitydegrade elastin, is abundantly expressed in
neutrophils. The high NE concentration of ovanBl! in azurophilic granules suggests an
important role for elastasé.iou and Campbell, 1995)As already mentioned NE
influences inflammation by processing and degrading inflammatory regulators
(Kessenbrock et al., 2008; Pham, 2006has also been reported that the clearance of
gramnegative bacteria is impaired in NE knockout mi@&elaaouaj et al., 1998)
Internalized bacteria were not killed and could escape from the phagolysosome

(Belaaouaj et al., 1998Pespite its importance in antimicrobial defense, NE has been
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studied much more, because of its pathogenic role in inflammation. Due to its ability to
degrade elastin and other components of the ECM, NE is often closely contoeitssue
destruction in chronic inflammatory diseag@arroso et al., 2006; Chua and Laurent,
2006; Heinz et al., 2012; Henriksen and Sallenave, 2008; Roghanian and Sallenave,
2008a)

2.3.1 NE inlung diseases

Unopposed NE activity is highly destructive and can lead to disease. Especially in
chronic inflammatory lung diseases, where high NE activity between 0.5 to 5 pM in the
airways can be detected, NE aggrevates the dise@@ing et al., 1995)In the

following the two most relevant lung diseases concerning NE will be introduced.

2.3.1.1 Chronic obstructive pulmonary disease

Chronic obstructive pulmonary disease is a compendium of liseggks that all show an
irreversible airflow reduction, with chronic bronchitis and emphysema as the most
prominent symptomgéBarnes et al., 20035ince injection of human NE (hNE) into the
lung results in emphysema, excess NE activity is regarded as one raljéactor for
emphysema developme(Barnes et al., 2003; Fujita et al., 1990; Senior et al., 1977)
Adding to this line of reasoning, patients lacking the most impoN&ninhibitor alpha

1 protease inhibitor ( U(gFgjitaktalg 1990 Roghdnéam at o p
Sallenave, 2008b)Degradation of ECM, promotion of proinflammatory proteins and
stimulation of mgin production are the most important pathogenic features of NE during
COPD(Roghanian and Salhave, 2008b)

2.3.1.2 Cystic fibrosis

Cystic fibrosis is a hereditary recessive disease. Mutatitimeofene encodintpe cystic
fibrosis transmembrane conductance regulegsults inthickening of the mucus as well
as severe and chronic inflammation of the lung \witkssive neutrophil infiltratio(Kelly

et al., 2008; Voynow et al., 2008}ligh levels of NSPs are reported to increase mucus
secretion(Voynow et al., 2008) Additionally, high NE activity leasl to epithelial
disruption and prolongs inflammatiofiKelly et al., 2008; Roghanian and Sallenave,
2008b; Voynow et al., 2008Bimilar to COPD, disruption of the proteamdiprotease
balance in favofor the protease gives rise to diseékelly et al., 2008; Voynow et al.,
2008)
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2.3.2 Regulation of NE activity

The previous chapters showed how important it is to keep a tight grip on the activity of
NSPs. While the activity of other proteins can batolled by up or downregulation of
the expression ahoseprotein, NSPs are only expressed during neutrophil development
in the bone marrow and stored in azurophilic gran@®&sam, 2006) Therefore other
mechanism e.g. the lowering of the pH, biosynthesis of zymogen precurands

inhibitors are used to maintain control over NSP activities.

2.3.2.1 pH

As NSPs are toxic to the neutrophil, they are kept inactive in the azurophilic granules
througha low pH. During the catalysisis$l’ acts as a base and accepts the proton of
Ser*®® (Fig2.1) (Hedstrom, 2002) At a low pH Hs’’ (pKa = 6.08) is protonated and thus

is unable to act as a base anygen Furthermore, NSPs are bound to proteoglycans
(Pham, 2008) The presence of superoxide anion triggers thefli into the
phagolysosomeg(Reeves et al., 2002)The K-influx increases the osmolarity and
solubilizes the NSPs in the phagolysosome. The oxygen radicals neutralize the pH,
thereby activatinghe NSPgReeves et al., 2002)

2.3.2.2 Proteolysis

It is a common principle of nature to regulate protease activity by other proteases. The
most prominent examples are the clotting cascade and the complement system, where the
components of these cascades are available in their zymoge(Jtoreway et al., 2005)

Each protease activates a zymogen, which in turn activates another z\(Jagmnay et

al., 2005) Some proteases can even activate themselves by autoprocessing as can be seen
with MMP-9 and trypsin(Brodrick et al., 1978; Kay and Kassell, 1971; Makowski and
Ramsby, 2005)

2.3.2.2.1 Processingoy other proteases

In general, proteses are expressed as zymogens and are activated by the removal of the
propeptide with the help of another protease. As already mentidghedprotease
responsible for converting RPMSPs into mature NSPs is DP@ham, 2008) DPPI
removesa two amino acidong peptide, thereby freeing the-terminus I1é%-Vval'’
(Hedstrom, 2002; Pham, 2006)he literated 11€° builds a salt bridge with the ASH,

-11-



Introduction

inducing a conformational change in the protease, which results in the formation of the

oxyanion hole as well as the S1 site pocigedstrom, 2002)

2.3.2.2.2 Self-cleavage

There are actually several examples for -aetfvating proteases. Sedttivation is
probably an enhancing mechanism to accelerate conversion of the zymogen. Besides
selfactivation, seHlcleavagealso can lead to inactivation or change of specificity.
Trypsin is a very good exampfer different modalitiesof influencing the activity of a

protease by selfleavage

Trypsin belongs to the family of serine proteases and is active as a digestive ehzyme a
neutral pH in the duodenurfChen et al., 2001; Hedstrom, 2002)rypsinogen, the
zymogen oftrypsin, is expressed in the pancreas and then secreted to the duodenum,
where enterokinase starts its conversion to tryg€hen et al., 2001; Rinderknecht,
1986) Active trypsin then in turn activegeother digestive proteaséRinderknecht,

1986)

Interestingly, enterokinase only initiates trypsin activation. The newly formed, active
trypsin actually converts trypsinogen to trypgBrodrick et al., 1978; Chen et al., 2001,
Kay and Kassell, 1971 his reaction is largely dependent on pH ané’@ancentration
(Brodrick et al., 1978; Kay and Kassell, 1971; McDonald and Kunitz, 194%)
previously described for NSPcleavage of the L¥Zlle'® bond enables If8 to interact

with Asp™** (Bode, 1979; Bode et al., 1978)

Although trypsin is active in the duodenum, deregulated trypsin activity actuallyteeads
pancredtis (Chen et al., 2001; Whitcomb et al., 199Bjemature activation of trypsin in
the pancreas itsad of the duodenum triggers the disg@®en et al., 2001Whitcomb

et al. were the first to report that mutation of the Afin the cationic trypsinogen causes
pancreatis. The mutation eliminasen internal autolysis site, through which trypsin can
inactivate itself. Since themany other mutations have been reported that all have the
same effect of eliminating the autolysis sj&hen et al., 2001)Removal of this self
regulating mechanism of trypsin can lead to pandrsatirhis finding once again

underlines the importance of seleavage as a regulatory mechanism.

It has been reportethat trypsin features an additional seléavage site between
Lys*®/Asp'® (Smith and Shaw, 1969 leavage of this bond changes the specificity of
trypsin to a chymotrypsiike specificity (Keil-Dlouha et al., 1971)The S1 pocket is
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formed by the residues 189192, 214216 and 22428 (Hedstrom, 2002)Theresidue
Asp*®is very important for the Arg and Lys specificity of trypsin and lies at the bottom
of the S1 pockefHedstrom, 2002)Cleavage between L¥$ and Asp® changes the
conformation of the S1 pocket whitmads to the chymotrypsirke specificity. Although

the biological function of this cleavage has not been elucidated yet, its existence is
important for trypsin production. Commercially available trypsin is methylated to avoid
this particular seitleavage and treated with tosyl phenylalanyl chloromethyl ketone
(TPCK) to suppress chymotrypslike activity from already nicked trypsin

2.3.2.3 Inhibition with s erpins

Normally, large amounts of inhibitors are expressed to keep protease activity under
control. For srine proteases the most important inhibitors are the serpins. As the name
indicates most members of the serpin superfamilganae proteasanhibitors, although

this family also includes nemhibitory members like ovalbumin. There are 36 members
known in humans that are involved in inflammation, coagulation and fibrinolysis
(Huntington, 2011)

Ser pins hisheets, @ hhbliees andl a reactive den loop (RCL)(Gettins,

2002) In its native conformation the 24 residue long RCL is a flexible loop that lies
outside of the main structure and therefore is freely accessible by the protease
(Huntington, 2011) Curiously, the native conformation of the serpins is not the most
stabl e conf or mat i onisheet A consists of fave sndsyGettins,t at e,
2002; Gooptu and Lomas, 2009)he sepins switch to a hyperstable conformation by
inserting theéeshRClt iAM,t owhihdebet Bt inoto a sompgletee b
ant i p dshee(Getank, 20D2; Gooptu and Lomas, 2009)

Covalent inhibition of proteases by serpins occurs in two consecutive steps. First, the
protease is reversibly inhibitday the brmation of a Michaelis comple{Gettins, 2002;

Gooptu and Lomas, 20Q9)n the second step an ester bond is formed between the
protease and serpin, resulting in an irreversible inhibi{@attins, 2002; Gooptu and
Lomas, 2009) | ncor por at i on isbdet Atishavore® @pon cleavage oft h e
the RCL by the proteaséGettins, 2002; Gooptu and Lomas, 2009he classical
orientation of serpins féares the RCL on top of the serpin, so in a canonical complex the
protease sits above the sergluntington, 2011) After the acylenzyme complex is
formedt he RCL i n sisheet Aand thetpmteasenisereldzated to the bottom of
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the serpin(Gettins, 2002; Huntington, 2011The structural change distorts the active
center of the protease and destroys the oxyanion(Batins, 2002; Huntington, 2011)

That is why the deacylation cannot occur and the protease is trapped with a covalent bond
to serpin. If the deacylation is faster than the esagement of the serpin, the serpin will

merely serve as a substrate and the protease will not be inl{iba#ahs, 2002)

2.3.2.3.1 U-1 protease inhibitor (ULPI)

A very important member of serpins is the plasma prdiein pr ot ease i nhi bi tc
Plasma protease inhibitors make up 10 % of all plasma prdiEiagis et al., 1988)Out

of these -lipnrhoitbeiatsoer si,nhU bi t or ( UBRUM)isthei t h a ¢
most abundant one in plasrftaortin et al., 2008; Stoller and Aboussouan, 2012; Travis

et al., 1988)While it has been first recognized for its ability to inhibit pancreatic trypsin

and has thus been calle-IkAni t rypsin formerly, U1PIl is t|
inhibitor for NE (Travis and Salvesen, 1983) As an acute phase prote

increased during inflammatigfiravis et al., 1988)

Lack of U1PI is associated with emphysema al
are currently treated Wwi(Gdoptuendlr2809@eneoal s appl i
mut ations have been found to cause U1PI de
mutation isthe so called Zar i ant of U1lP| **isZzchathgdPtd bys wher e
(Carrell et al., 1994; Gooptu et al., 2008IL*** is located at the hinge region between

t heshtkeet and the RCL and (Carelheval,el994;Gaoptt pol ym
et al., 2009; Hopkins etal., 1993) U1 Pl pl asma | evels of indivi
for ZU 1 mhave only10-15% of a normal level(Carrell et al., 1994; Gooptu et al.,

2009) Addi tionall vy, pat i e mthave livax diseasésnbgcausen e zZ U
hepatocytes are the main producers of U1PI
retainedin inclusion bodies and damages the hepatodygesccumulatior{Gooptu et al.,

2009)

2.3.2.3.2 MNEI

Monocyte neutrophil elastase inhibitor (MNEI), also known as SERPINBL1, belongs to the
clade of OVtserpins(Benarafa etl., 2002) OV-serpins lack a secretory signalpeptide
and are primarily active in the cytoplag®enarafa et al., 2002MNEI is very efficient
against all three NSPs, but its activity against CG seespecially esential for

neutrophil surviva(Cooley et al., 2001; Zhou et al., 2001)
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3 Material and methods

3.1 Nucleic acidmethods

3.1.1 Polymerasechain reaction (PCR)

Using a heat resistantONA polymerase a defined DNA fragment can beasily
multiplied. The PCR was used to obtain sufficient amoafDNA necessary for further
cloning steps. A typical PCR cycle consists of a denaturation, annealing and elongation
step. The conditions used are described in the tables b&mmvPhusion Higtridelity

DNA polymerase from Finnzyméslew England Biolabsyas used for the PCR.

PCR-mix

400 nM primer 1
400 nM primer 2
5-10 ng templateplasmid
200uM  dNTPs
1 x HF-buffer (Finnzymes)
1.25U DNA polymerase
PCR program

temperature time
initial denaturation 94°C 30 sec
denaturation 94°C 15sec
annealing dependenon primers 1 min 25 cycles
elongation 72°C 1 min/kb of produ
final elongation 72°C 10 min

3.1.2 Restriction digest

For each digest we used &3imes excess of enzyn{8-5 units/ ug DNA)with the
recommended buffer and temperatunegenerall-5 pg DNA was digestedAll enzymes
besides AbsINovosibirsk, Russiawere pursued frolew England BiolahslTo remove
the enzymes and undigested vectbg cleaved products weran on a 1% agarose gel
(see below) and QIAquick gel extracti&it (QIAGEN) was used to purify the DNA from
the gel.
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3.1.3 DNA gel electrophoresis

Running DNA fragments on agarose géhs an electrical fieldseparates the DNA
fragments by sizeTo the 26 agarose gels (w/v) 1 pg/ml ethidium bromide was added to
visualizethe DNA. The agarose gels were prepared with TAE buffer, which was also
used as a running buffer for the gels. To identify the size of the fragments the Gene Ruler

1 kb marker (Ferments, Thermo Fisher Scientific) was used.

50 x TAE .
242 g Tris

57.1 ml acetic acid
100 ml 0.5M EDTA, pH 8.8
Fill up to 1 L with H,0
10 x sample buffer
0.25% bromphenoblue
0.25% xylene cyanol

50% glycerol

3.1.4 Dephosphorylation

The digested vector is dephosphorylatedorevent the religation of the vector. Only the
phosphorylatedragmentcan then close the plasmid again. For the dephosphorylation
alkaline phosphatasé&léw England BiolabBswas used according to the manufaatige

instruction.

3.1.5 Ligation

Ligasejoinstoge her t he 306hydroxyl fragmentSréspltmgis p hat e e
a covalent di phosphoester bond. A phosphory
(ATP) are necessary for this reaction.

During a common reaction 50 ng vector, 5 times molar exdesagmentand 1 ul T4

DNA ligase are incubated in 50 mM T#Cl, 10 mM MgC}, 1 mM ATP, 10 mM

dithiothreitol, pH 7.5 for two hours at room temperature.

3.1.6 Transformation

For eacHigation reaction 100 ul competent bacteria were than ice. After adding the
DNA (5 pl ligation preparation or 10 ng plasmid DNthe bacteria were incubated on ice
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for 20 min, followed by a heat shock at 42f& 1 min. The sample was shortly cooled
on ice again before 1 ml dfuria-Bertani (LB) medum was added The bacteriavere
incubatedo recoverat 37°Cfor one hour For the selection 100 of the suspension were
plated on agar plates with #@motics (ampicillin 100 pg/m) and incubated at 37°C
overnight.

LB -medium

1% tryptone

0.5% yeast extract

1% NacCl

1.5% agar (only for plates)

3.1.7 Competent cells

A single colony of theE. coli strain DH3Jis grown in 50 ml LB mediumat 37°C over
night With 4 ml of this culture new 200 mtultureis set up Upon reachin@n ODsgg of
0,3750.6the bacteria areooledon icefor ten minutes in precooled 15 ml falcons. After
centrifugng the cells at 4°C and 3000 rgfor 7 min,the pellet is resuspended in 10 ml
ice cold CaCl solution. This step is repeated to ensure the complete removal of media.
After 30 minof incubation on icethe bacteria are centrifugdtend are resuspended in
2ml ice cold CaCl solution.Aliguots (100 ul) of the cells areshock frozerusinga mix
of dry ice and isopropanol. The competent cells are store@0&€C. It is crucial to
precod all buffers and centrifuges for the whole procedure.
CaCly-Losung

60 mM CaCb

15% glycerol
10 mM PIPES pH7

3.1.8 DNA purification

Transformed bacteria arstored as glycerol stocks (1%5glycerol) at-80°C after

verification For DNA isolationan overnight culture (mipreps 2-5 ml, maxpreps:200

ml) is needed. The DNA is then isolated using the QIAprep Spin Miniprep Kit
(QIAGEN)orP|l asmi d Maxi Prep (QlI AGEN) or PureYiel

(Promega) respectively according to the maciuii@iGs instruction.
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3.2 Protein methods

3.2.1 Antibody list

antigen species dilution manufacturer Cat. No.
murine MIR2 rabbit 1:5000 Preprotech 500P130
HumanNE rabbit 1:1000 Abcam ab68672
HumanNE mouse  For IP QED 13203
His-tag, 3D5 mouse  1:2500 E. Kremmer -

human haptoglobin rabbit 1:1000 Dako A0030
Gr-1/ Ly-6G (mouse) rat 1:200 BD Pharmingen 553126
CXCR2, 242216 rat 1:200 R&D Systems MAB2164
lgG, FITC* rat 1:200 BD Pharmingen 553988
murine IgG+IgM, HRP*  goat 1:2500 Pierce 31444
rabbit I9G, HRP* goat 1:5000 Jackson ImmunoResearc¢ 111-035006

AFluorescein isothiocyanate (FITC), * horseradish peroxidase (HRP)

3.2.2 Affinity chromatography

All recombinant proteins were expressed witB-germinal histag, which binds to Nf
ions. The proteins were purified using nickel columns that mainly differ in their matrix
material and have varying binding capacities. The protein is eluted with imidazole, which

competes with the pratefor the nickel binding sites.

3221 Hi sTrapE HP QGH Heatncare)

The matrix of these columns is sepharose and these columns are compatible with
AktaPrime Plus (GE Healthcare) that was used for the purification. Before loading, the
supernatant was dialyzed against weshingbuffer (20 mM TrisHCI pH74, 300 mM

NaCl). A continuous imidazole gradient wapplied to elute bound proteinBor this
washing buffer and elution buffer (20 mM THKCI pH7.4, 300 mM NaCl, 1M
imidazole) were mixed continuouslyhe maximum capacity of a column is 40 nod,
His-tagged protein. These columns wer® fpurify 256600 ml supernatant of mNE and
MIP-2. Z-ULPI was always purified with these columns as this protein did not bind to the

PrepEase Histidineagged Protein Purification columns (Affymetrix).
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3.2.2.2 PrepEase Histidine-tagged Protein Purification - High Specificity
(Aff ymetrix)

The NF* ions are bound to the dry siliteased resin via the chelating group -tris
carboxymethyl ethylene diamine. Purification was performed according to the
manufacture sdinstructia. If aTris-based buffer was neededsubsequent steps, then all
buffers afterthe first wash weraeplacedby Tris-based buffersThese columnare good

for fast purifications. The Histidineagged PrepEase Protein Purification columns MIDI
(Affymetrix) were used to purify 5@50 ml supernatant as the maximum binding

capacity of Histagged proteins is 2.5 mg.

3.2.2.3 Ni-NTA Spin Kit (QIAGEN)

Ni-NTA spin columns are especially good for small sample volumbs. PrepEase
Ni-NTA uses a silicdbased resin, but hasdéferent chelatarnitrilotriacetic acid (NTA)
Compared to the PrepEaseNITA binds the proteins stronger and higher concentrations
of imidazoleare requiredo elute the proteinslhe 300 pg binding capacity however, is
the lowest of all three column3he columns were usddr supernatants below 50 ml

according to the manufactuées i nstructi on.

3.2.3 Activation of NSPsby enterokinasecleavage

Active NSPsmay exerta toxic effectto the hostcells and are therefore expressed in an
inactive zymogen form. Tdeepthem inactive an Nterminal artificial propeptidas
fusedto the mature protein via an enterokinase cleavage sifi€).(0he salt bridge
betweerthe Niterminuslle®® andAsp™®* is necessary faanactive NSP and can only form
upon removaby propeptide with the enterokinadeor optimal enterokinase activity the
reaction was always performed in 20 mM Tris and 300 mM NaCl at neutral pH (pH 7.4).
Two different enterokinases were usalthen the enterokinase from New England
Biolabs was used mM CaCl, is added to the normal enterokinase buffer to gairfute
activity. The target protein should have a concentration of 0DBmg/ml.Theratio target
protein to enterokinase(2 pg/ml) was always 1:14000After the addition of the
enterokinase (NB) the digest was incubated &7°C for two hours.The enterokinase
from Roche did not need the addition of CaClhe target protein should have a
concentration between 0:3.0 mg/ml. The enterokinase is than added at a ratio of 1:40

and incubated fomto hours at 37°C.
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3.2.4 Spectrophotometric quantification of proteins

The amino acid tryptophan, and to some extgmbsine andcystine bondsabsorb
UV-light a t a wa v 280am. ghehumkzerand extinction coefficientof these
amino acidresiduesn each protein is therefore very important footein quantification
and expressed by thmolar extinction coefficient() [M*cm?]. After measuring the
absorbance (A) the concentration (c) can be catledl using the LambeBeer law
(EQ. 1). The pathlength (I) is normally 1 cm when using standard cuvefié® free
program ProtParam ExpasysIB Swiss Institute of Bioinformatigswas used to
determineJfrom the amino acid sequence.
Eqg.1

5
Z

C =

concentration

absorbance

molar extinction coefficient
pathway length

— ' >0

3.2.5 Quantification of proteins with bicinchoninic acid (BCA) assay

Peptide bonds in proteins reduce “Gions to Ci-ions. CU in turn forms a chelate
complex with two BCAmo | ecul es whi ch abAaessapof§Uptinta a= 562

was used according to the manufactureros 1ins

3.2.6 Enzymelinked immunosorbent assay (ELISA)

ELISAs areused to detect and quantify specificgetproteins in complex solutions with

the help of specific antibodies. There ae r e c t andwi ofELIBAselcda fAsand
sandwich ELISAa targetspecific antibody is coated on the plate to capture the desired

protein from thesample A second horseradish peroxidase (HRP) coupled antibody which

is also directed against the specific protein is used for tilmtedhe HRP oxidizes the

substrate 2,2azinobis(3-ethylbenzothiazoling-sulphonic acid) (ABTS) The product of

this reaction absorbs at &= 405 nm.

MIP-2 Standard ELISA Development Kit (Preprotech) was used according to the
manuf act ur e rbécausei MIRR toesunotthave any tryptophanedich are

necessary foreliablequantification through absorbance.
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3.2.7 Discontinuous gel electrophoresis

Similar to agarose gels, polyacrylamid gels are used to separate proteins by size and
charge.Because pratns, unlike DNA, do not have a common charge, sodium dodecyl
sulfate (SDS) is used to charge all proteins negatively. To avoid an influence of the
protein structure on the separatidhe proteins are denatured and disulfide bonds are

r educ e d-mexcptbethandd. This method is called SDS polyacrylamide gel
electrophoresis (SDBAGE)under reducing conditions

Most of the time 1% Tris-glycine gels weremployed but for the separation of small
fragments (5L0 kDa) 18%Tris-tricine SDSpolyacrylamidegels with 5% crosslinkr

were used. Gels were always poubetiween twaylass plates with 1 mm spacer (Biorad).
The resolving gel is always poured first and then overlayed with water to get an even
edge. After the gel lsacompleted thgoolymerizationreacton, the stacking gel isqured

and the combs for pocketse inseted. Tristricine gels were always run with different
cathode and anode buffer (200 mM TiHEI, pH 8.8). The 10 x cathode buffer was
purchased from Sigmaldrich (T1165.

15% Tris-tricine SDS gel

stacking gel resolving gel
H20 25 ml -
40% acrylamide/bisacrylamide (29:1) 0.5 ml -
40% acrylamide/bisacrylamide (19:1) - 3.6 ml
3 M Tris-HCI, pH 8,45; 0,4% SDS 1 ml 2ml
10% APS 16 ul 32 ul
TEMED 16 pl 12 pl
bromophenol blue - 0,2% (w/v)
Tris-glycine running buffer
50 mM Tris,
384 mM glycine
0,2% SDS
pH 8.6
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Tris-glycine SDS gel

stacking gel resolving gel
H>O 9.4 ml 136 ml
40% acrylamide/bisacrylamide (37,5:1) 20 ml 3.32 ml
1 M Tris-HCI, pH 6,8 10 ml -
1,5 M TrisHCI, pH 8,8 - 2.56 ml
20% SDS 200 ul 100 pl
10% APS 400 pl 200 pl
TEMED 18 ul 16 pl
bromophenol blue - 0,2% (w/v)

4x loading dye

200 mM Tris-HCI, pH 6,8
10% SDS
40% glycerol
30% Dbi mercaptoethanol
0,2% bromophenol blue

3.2.8 Staining of protein gels

To stopdiffusion of proteins from the gelafter electrophoresiq fixation buffer with
high organic solventontent isusedat low pH These conditiongause theroteinsto
unfold and their exposed hydrophobic pamteract and mediate the formationfofming

insoluble complexes.

3.2.9 Coomassieblue staining

Directly after the discontinous gel electrophoresis the gel was incubated in the staining
solution at room temperature for 1 hour. Afterwards the gel was incubated in the
destaining solution at room tempena&wntil the gel was destained to satisfaction and the
bands clearly visible.

Staining solution

0.25% Coomassie Brilliant Blue 250
45% methanol

10% acetic acid
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Destaining ®lution:
45% methanol

10% acetic acid

3.2.10 Silver staining

The gel isfirst fixated at room temperatufer an hour. After threevashes of20-min
duration in 50% ethanol, the gel is incubated in a thiosulfate solution (0.2 g/l
NaxS,0:x5H,0) for one minute The gelsare washedhree timedefore and after putting
the gel in the silver solutio stop solution is added when the staining is satisfying. For
long term storage keep the gel in 50% methanol.

Fixation solution

500 ml methanol

120 ml acetic acid

0,5ml 37% formaldehyde
Fill up to 1 L with H,0

Silver staining solution

0,2g silver nitrate
75 ul  37% formaldehyde
Fill up to 100 ml with HO

Developing solution

60 g sodium carbonate
4 mg sodium sulfate
0.05ml 37% formaldehyde
Fill up to1 L with H;0

Stop solution

500 ml methanol
120 ml acetic acid
Fill up to 1 L with B0

3.2.11 Western blot

After SDSPAGE protein bandsare blotted on a membrane. A vertical electrical field

causes the proteins toigrate out othe gelontothe membrane. The membrane is made
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out of polyvinylidene fluoride (PVDF)which binds protein via hydrophobic interactions.
Before use the membrane has to be activated with 100% methanol. There are two
different types of blotting: sendry and tankblot.

While the gel and the membrane is totaltymersed in buffer during tank blotting, the
membrane and gel are only wetted with buffer &imdd between two graphit plates
during semi dry blotting. It is very importarib removeair bubbles betweenthe
membr ane and gel |, b e cferreda@osspair theé memhbrane wasg n 6 t
blocked with 836 (w/v) NonFat Dry Milk Blocker (Bio-Rad in PBST at room
temperaturdor one hour. The first antibody was incubated overnight at 4°C. Before and
after incubatiorwith the second antibody (room temperature, 1 hour)ntieenbrane was
washed three timesith PBST for ten minutes. For the development WestPico (pierce)
was used according to the manufactureros
When more than one antibody was used for one membtia@manembranes shortly
washedwith PBST after developing. Then the membrasécubated in stripping buffer

at room temperature for 30 minutes. Afterwards the memhsameashed thrice with
PBST for 5 minutes to remove the stripping buffer. The membnaas therblocked

with 5% (w/v) NontFat Dry Milk Blocker (Bio-Rad at room temperature for 1 hour,

before the new antibody was added.

Western transfer buffer
150mM glycine
35mM Tris
pH 8.3
PBST

140 mM NacCl
2.7mM KCI
3.2mM NaHPO, x 12 HO
1.5mM KH.PO,
0.05% (v/v) Tween 20
pH 7.4
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Stripping buffer
200 mM glycine
0.1% (w/v) SDS
pH 2.2

3.2.12 Activity assay

A typical substrate for activity measurements always features a short peptide sequence
linked to a chromophor or fluorophor, which cha only detected afteits release by
proteolytic cleavage via absorbance or fluorescenoeasurementAll quantifications

were performed in activity buffer at room temperature.

Activity buffer
50 mM Tris-HCI, pH 7,4
150 mM NacCl
0.01% Tween20

3.2.12.1Absorbance

In this work pnitroanilide (pNA) and thiobenzyl ester (SBzl) were the only chromophors
used. Only when the amide bond between pNA and tientthus of the peptide is
cleaved a change ithe absorbance at 405 nmccurs Therefore there is onlyone
possible cleavage site that results in a detectable sifimalcleavage of the thiobenzyl
ester(1 mM) cannot be detected directlyo monitorthe reaction at 405 nm, you add
5,5"dithiobis-(2-nitrobenzoic acid) (DTNBO0.5 mM), which is hydrolised tthe 2-nitro-
5-thiobenzoate anion in the presence of free thidie working concentration for pNA is
0.5mM.

3.2.12.2Fluorescence

Forster resonance energy trangfeRET)substrate consist always of a fluorescence and
guencher groupThe fluorochrome, 2-aminoberzoyl (Abz) or 4-methylcoumariny7-
amide (Mca) is linked to a quencher, 2dnitrophenyl (Dnp) or N2,4
dinitrophenyl)ethylenediamine (EDDnp) viashortpeptide. Once the p#de is cleaved
internally in thefluorochrome and quencher groups aeparatechnd the fluorescence
can be measurg@xcitation: 320 nm, emission: 405 nm). In this case the cleavage is not

clearlyrestricted to a single peptide bond within the given peptide sequence.
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The fluorochrone 7-amido-4-methylcoumarin (AMC) is attaeu to he Gterminal sie of
a peptideOnly whenthis amide bonds cleaved,7-amina4 methylcoumarins released,
which canthenbe detected (excitation: 350 nm, emission: 450 Ainis means that only
one possible cleavage sérists.

3.2.13 Immunoprecipitati on of MIP -2

PMNs were stimulated witth0 ng/mlI TNF-U (Biosource; PMC3016)200 ng/mliphorbol
myristate acetat€PMA) (Sigma; P1585and 40 ng murine MH2 (Preprotech250-15)

and incubated at 37°C for four hours. The suspension was centrifuged (600 g, 15 min)
and the supernatant take for further analysis. After the addition of 10 piyldh@
anitbody (Preprotectb00-P130 to the supernatant, the reaction was incubated@t 4
over night. To purify the MIR2-antibody complexes 30 pl of pweashed dynabeads
Protein G (life technologied,0004D were added and incubated &C4for four hours.

The beads were washed twice with PB&nd then boiled in reducing sample buffer for
SDS-PAGE.

3.2.14 Preparation of PMNs lysate

The cells were resuspended in RIPA buffer (3*délis/ul) to lyse them. After incubation

on ice for 15 min, the cells were put thrice into an ultrasonic bath for 5 min. In between
the sonification, the cells are cooled on ice for 5 min. In the end the cells are centrifuged
at 20000 g for 5 min to remove cell disband DNA.

RIPA buffer

50 mM Tris-HCI pH 8.0
150 mM NacCl
0.5M EDTA
1mM PMSF
0.5% (w/v) Deoxycholic acid
0.1% (w/v) SDS
0.5% (v/v) Nonodet P40
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3.3 Kinetic methods

3.3.1 Burst titration

During burst titration the substrate reacts in a suicrechanism with the protease
molecule therebyinhibiting the protease in the process. Each substnaleculereacs
only with one proteasemolecule Trypsin was titrated with mitrophenyip-
guanidinobenzoate. The amount ehp t r o p h e n o fcm’) réleasetegualghe M
amount of trypsin and can be calculated by measuring the absorbance at 410 nm.

3.3.2 Titration

Titrated trypsin was used to det sastakem e
to determine concentration of scand temNE. To fulfill the requirements, He
concentration of the proteased to beat least 10@imes higher than the dissociation
constantKof t he pr o tTepmsia was alwags uséd 20 nM (K = 0,63 nM,
(Hopkins et al., 1993) K; from mNE is not yet known, but judging frothe K; of hNE
and antitrypsin (K= 330 pM,(Beatty et al., 1984) used a concentration of ) uM for

mNE. In all experiments,inhibitor concentration was variedwhile the protease

concentration was kept constant. Remaining protease concentration activity was

measured afteincubation for one hour at 3Z. Plotting theinhibitor concentration
against the relative velocity renders a linear regressibe.iftersection with the-»axis
canbe obtained byextrapolaibn. The xaxis inteceptindicatesthe concentration of the

protease in the sample.

3.3.3 KM and kcat

The reactionof an enzyme E converting a substrate S to a product P can be described

with equation2 (Berg et al., 2003)The reaction is divided into two partsirst the
substrate(S) and enzyme(E) form a reversible compleXES), then the substrate is
cleavedwhich leads to the produ(®).

Eq.2

K K,
E+S k:l ES — E+P

E enzyme

S substrate

ES enzymesubstrate complex
P product
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This reaction is described by tMichaelisMenten equatioEq. 4) (Berg et al., 2003)
The Michaelis Menten (l4) concentratioris the concentration of the substrate at which
the haltmaximum velocityis reachedTogether with the catalytic constgft,) this isan
important parameter to judge, how well a substratelféeenzymeWhen all enzymes are
binding a substrate thenskcan be calculated witEq. 3: kea=Vma[E]. [E] is the total

enzyme oncentration.

Eq. 4
l‘) z
% velocity
Vimax maximum velocity
[S] concentration of substrate at any time
Kwm MichaelisMenten constant

In this study we always use@®3 nM sc-mNE or 231 nM tc-mNE respectively for the
determination of Ify. Substrate concentratisfS] were varied from 80 yuM and plotted

against the reaction rafe) and fitted to the Michael®lentenequation using GraphPad
Prism(GraphPad Software, Ind.a Jollg.

3.3.4 Competitive inhibition

In this kind of inhibition, the ihibitor competes with the substrate for the enzyme. So
enhancing the substrate concentration influences the inhibition. The omaxigiocity
Vmax can still be reached, givef8] is high enough, but § increases with higher
inhibition concentratioril] (Berg et al., 2003)For competitive inhibitors the inhibitor
constant Kis the same as the dissociation constant K

Eqg.5

E+=E{(—E+

+
I
E
E enzyme
S substrate
ES enzymesubstrate complex, reversible
P product
I inhibitor
El enzymeinhibitor complex, reversible
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The relation between [I] and\Kcan be described as folloBerg et al., 2003)
Eqg.6

PP+ ) P
& 5 © P ¥ 73

v velocity

Vinax maximum velocity

[S] concentration of substrate at any time
Km MichaelisMenten constant

Through different MichaedtMenten curvesind byvarying inhibitor concentratian one
can calculate the inhibitor constant K

3.3.5 lIrreversible inhibition

An irreversible inhibitor first forms a reversible complex with the enzyksesoon ashe
proteasehas cleavel the inhibitor an irreversible complex is formed. The substrate
concentration only influences the first reaction, but not the second. So higher substrate
concentratios can delay the inhibition but cannot completelyrogateit as seen in
competitive inhibition. In anrreversible inhibitiorV naxis changedwhile Ky remains the

same

Eq.7

Ky

E+] =— El — EI*
K,

E enzyme

I inhibitor

El reversible enzymnbhibitor complex
EI* irreversible enzyménhibitor complex

The reaction of fastfoPdonventonal Kheferminationt Therefore
different concentrations (5800 nM) of inhibitor were mixed with 100 uM substrate
before adding the protease. The resulting curve can be described with eduation
(Duranton andBieth, 2003)
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Eq. 8
5
0 — A
E p

Vo velocity at time point zero
Kobs observed rate constant
[P] concentration of product at any time
Kicapp) apparent inhibitor constant
ko first-order rate constant
Mo concentration of inhibitor at time point zero

The substrate concentration was five times higher thand€ no substrate depletion
occurred. To ensure that inhibitor concentration was not significantly changeasat le
five times higher inhibitothan enzyme concentration was used. rittthe curves in
GrapHPad Prism to equation provided us withthe observed rate constakts). Then
kobs Valueswere plotted against inhibitor concentration and the resultingeouas fitted

to following equation 8 and @uranton and Bieth, 2003)

Eqg. 9
e
Kobs observed rate constant
Kiapp) apparent inhibitor constant
ko first-order rate constant
Mo concentration of inhibitor at time point zero
Eqg. 10
+ ‘ 3
N
Kicapp) apparentnhibitor concentration
[S] concentration of substrate at any time
Ki equilibrium dissociation constant
Km MichaelisMenten constant

El* does not accumulate significantlgt inhibitor concentration well below the
equilibrium dissociatioronstant kK (Ki*= k.1/k;) . In this case th@ahibition behaves like
a simple Dbi mol ecul (urantoreand Biethp2002dEequationl 10 Y

applies. This reaction is governed by a seeoitter association constangk
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Eqg. 10
'rQ —
Kass secondorder association constant
ks first-order rate constant
Ki equilibrium dissociation constant

3.4 Cell biological methods

3.4.1 Cell culture

Expression was done in HEEBNA cell lines. This cell line is derived from primary
humanembryonickidney cells that were transformed with adenovirus tyda addition

this cell lines has a codon optimized fusion protein EBNA1, which consists of a truncated

nuclear protein of the EpsteBarr virus EBNALlc and a protein from the Her@siplex

virus VP16. EBNAL1 enables the replication of plasmids that possess an oriP in
mammalian cells. For expression the pTT5 expression system was used.

HEK 293 EBNAcells were cultured n serum free media (GibcoE
Expression Medium, (Lifdaechnologies) to reduce the amount of undesired pmotein

Foam reducing agent PluronicéB (0,1%) and geniticin selective antibiotic (G418

sulfate, 251g/ml) werealso added tthe medum.

3.4.2 Transfection

The proteins were expressed in the HEK 293 EBNAlllline. The cells were cultured in
FreestyleTM 293 Expression Medium (Invitrogemih 0.1% (v/v) Pluroni® F-68 and
25 &g/ ml ® GAS @etlsiaridiluted to a concentration of 1*1gells per ml
before transfectianThe amount of DNA used for aatisfection is proportional to the
amount of transfected cells (for x ml cells, x pug DidAd 2 x ul plyethylenimine(PEI)

is used). First DNA and PEWNfng/ml) are diluted separately in an equalume of
OptiPro (Life technologies)7Q ul OptiPro perneml cell suspension). After mixing the
OptiPrePEI and OptiPrdDNA solutions together complexes are famg at room
temperaturavithin the next 20 min. The transfection solution is than added drop by drop
to the cels. To stabilize theecombinanproteinsin the supernatarit.5% (v/v)Bacto TC
Lactalbunin Hydrolysate (BD Biosciencesy added after 24 hours.
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3.4.3 Isolation of granulocytes

3.4.3.1 Human granulocytes

Human granulocytes were isolated frevhole blood on a discontinuoug-icoll gradient.

To avoid coagulatin of the blood ethylenediaminetetraacetic acid (EDTA) covered
syringes were used. EDTAlood was diluted to a final volum& 40 ml with PBS and
carefully underlayed witHhO mlPanc o | | (=1, 077 g/ Bapcoll The
ensures that only erythrgies and granulocytes can cross through this layer during
centrifugation $00 g, at RT, without brakir 30 min). After removing the supernatant
containing PBMCs the erythrocytes are remowedwo steps. First, we used dextran
sedimentation for 30 minutes (1% dextran), to roughly separate the cells, as erythrocytes
settle down fastefThe supernatant is then centrifuged (1200 rpm, at RT for 15 min). To
remove the remaining erythrocyteletpellet is resuspended in 5 ml 0.2% NacCl solution

for one minute, before 5 naf 1.6% NaCl solution is added and everything is incubated
again for a minuteThe cell suspension is filled with PBS to 50ml and then centrifuged
(1350 rpm, at RT for 5 min)A washing step with PB%ollows (centrifugel350 rpmat

4°C, for 5 min). If necessarthe lysis can be repeated.

3.4.3.2 Murine granulocytes

The small size of a mouse and the corresponding small blood volums thalsolation
of murine PMNs(mPMNg difficult. Better sources for mPMNs are bone marrow cells.

Both femurs are flushed with PBS and the suspension centrifuged at 126@r Gmin.

Cells were resuspended in 10 ml PBS and send through a cell strainer (BD biosciences).

On the bottom of the discontinuous gead isa 62% percoll slution (5.69ml 10x HBSS

+ 9.32 ml percoll) and on top is the cell suspension. After centrifugation (30 min, 300 g,
RT, without brake) the granulocytes and erythrocytes are in the cell, pelide the
PBMCs are left in the supenaat The supernatant is carefully removed and a hypotonic
lysis performed by resuspension of the cells in lysis buffer (9 ml 0NB%CI, 1 ml Tris-

HCI pH 7,4). The cells are finally washed with PBS.

3.4.4 Identification of sc- and tc-NE in biological samples

Identification of umanNE in humarsamples was done in two stefife lysate oB*10°
hPMNs (100 pl lysate) was inhibited with20 nmol biotinylated NEspecific AAPV-
chloromethyl ketone inhibitor (CMK) at 37°for 30 min.The inhibitor reacts covalently
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with NE. Then4,4 pgantrhNE antibody (QB, Cat.No0.12303) was added and incubated
ovemight at 4°C. HNEantibody complexes were captured with Protein G dynabeads
(Life sciences). For analysis on a SPSGE the beads were boiled at 95°C in reducing
sample bffer for 5 min. Because of the biotin, the inhibited hNE could be detected with
HRP-coupled streptavidin after SBFFAGE. In murine samples mNE could be detected
directly by western blot analysis, using an anlNE antibody(Abcam Cat.No.ab68672

that cioss reacts with mNE.

3.4.5 Chemotaxis assay

For a comparison of two chemokines the undgagaroseassay is the method of chojice
because it allows a direct comparison of different chemokines in one experinent
agarose layer is pured into a 35 mm didgtoleswith a distance betweenf£mm are
punched intothe agarose lagr for cells and chemokineghe dishes are incubated at
37°C and 5% CQ prior to the experimentThe cells areplaced between the two
chemokinereservoirs In each experiment 7 pl of Orhg/ml chemokine were put into a
well and 7 pl of PMNSs suspension (2.4 *1¢ells/ml). The experiment has tme done at
37°C andn an atmosphere &% CQ, because the agarose is buffered with bicarbonate.
The cells can sense the chemokine gradient artl tst wander under the agarose. This
can be mondred with an optical microscog20 x magnificationsand after 46 hoursa

picture is taken.

Fig 3.1: Under agarose assayn an agarose layer of a petri dish with 35 mm diamletées for the
PMNs and chemokines are punched. After the PMNs and the chemokines are filled in, the PM
crawling between the agarolsger and the bottom of the petri disdlwards the chemokine. A pictur
with an optical microscope is taken and tedisarecounted. The grey boxes mark the fields in whi

the cells are counted.
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Agarose layer
5ml 2 x HBSS Gibco®, life sciences)
10 ml RPMI + 20%FCS (Gibco®, life sciences)
0.2 g Agarose LE (Biozym)
10 ml H,O

3.4.6 Flow cytometry

The cell suspension is focused itiquid stream that only one cell at a time passes the
laser beam By means of light scatter, density and size of a cell cadetermined
Expression of different markers can be identified by staining the cells wittesicetly
labeled antibodies.

For each staining*10° cells were used. The first antibody is diluted to a concentration of
2 pg/mlin PBS + 1% BSA and incubated at 4€ 30 min. Afterthreewashesthe cells
with PBS the second antibod®.5 pg/ml)was aded to the cells andcubated at 4°C in

the darkfor 30 min Cells were washed thrice again with PB&dium iodide is added

in the last washing stdpefore analysisAt last cellsvereresuspended in 200 ul PBS.
Phosphate buffeed saline (PBS)

136,89mM NacCl
2,68 mM KCI
9,47 mM NaHPO,
1,76 mM KH;PO,
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4 Results

4.1 NSP regulate inflammation by processing of chemokines

4.1.1 N-terminal processing of MIR2 by NE and PR3in-vitro
4.1.1.1 Production of recombinant mPR3 and mNE

Murine PR3 and NE (mPR3 and mNE) were expressed in HEK293 EBNA cells using the
pTTS5 expression vector. As secretion of the proteases in the supernatant was desired, an
N-t er mi mpsigrial pépgde was adde#ig 4.1 A). Using aC-terminal Hs-tag, the

A EK
1/ €LELLELLLELEEE |
Igk signal peptide  mm His-tag
propeptide KX protease
B C
Pro-mPR3 Pro-mNE
EK - + EK - M 4
kDa kDa
123 — | & <l 50— X
77 =3 58 — o
n— 46 — -
_ «—4
30— b 3 - 3
25 — -
25 — 6
=
17 — 17 — o

Fig 4.1: Production of recombinant mPR3 and mNE (A) Both proteases (black, loosely hatch
bar) were expressed in HEK293 cells with @e@ninal Histag (black box) for purification. To
prevent premature activation of these proteases, which would be toxic tellhean artificial
propeptide (black, tightly hatched box) was added to tierdinus. For removal of the propeptic
an enterokinase (EK) cleavage siteertical line, labeled EK was inserted before the mature
N-terminus of the NSPs. The exact sequerare be found in the appendi&.2.1and8.2.2. (B) 600
ng pro-mPR3 before (left lane) and after (right lane) the addition of enterokinase, were compar¢
silver stainedyel. Although po-mPR3 (band 2) was purified still some unknown proteins caedre ¢
Besides mature mPR3 (bang BK was detected (band 1) as EK has not been remo@gdrie pg
purified po-mNE (band 4) before enterokinase was added were loaded on the left lane
Coomassie stained gel. Three pg of mNE after EK digest and rewolz& were loaded on the righ
lane. The middle lane contains the prestained protein marker (NEB, P#v@aéylitionto the mature
mNE (band 5) two smaller bands appeared (band 6,7). These bands are fragments of mNE an

discussed lateBoth gelswere 15% SDS gels.
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NSPs were purified with Ntcolumns from the supernatamepending on the amount of
supernatant different columns were used (bepter 3.2.9. To protect the cells from the
toxicity of the NSPs an artificial propeptide followed ag enterokinase cleavage site
(DDDDK) keeps the protease inactive. Just like natural occurring zymogens, the artificial
propeptide prevents the formation of the active conformation, the opening of the S1
pocket and generation of the oxyanion hole. Pwift;n of NSPs from the supernatant
yielded very clean fractionsFig 4.1 B, C). The removal of the propeptide with
enterokinase results in a size shift that is visible in a reducing 15%P30%&. The
conversion of the zymogens was successful and complgtégr mNE | had three bands
instead of one bandere observedfter the conversion. Band 1 is the mature intact form
of mNE. The two lower bands 3,are product®f the selfcleavage of mNE as will be
shown and discussed in detail later (4.2).

4.1.1.2 N-terminal processing of MIR2 by neutrophil proteases

Murine MIP-2 with a concentration of 0.2 mg/nfPreprotech) (mMIR2) was incubated

with either recombinant mPR3 or mNE9 pg/ml)at 37°C for one hour in PBS. In the
core facility of the MPI Biochemistry, Ebbeth Weykr examined the mixture using
mass spectrometry analysis. Both mPR3 and mNE were able to cleave 2réfiiet
alanine at position fourHg 4.2 A), which is similar to the cleavage site of hPR3 in
human. As previously mentioned, processing of hutta8 by hPR3 as well as by
MMP-8 and MMR9, enhances the chemotactic ability Iof8 (Mortier et al., 2008;
Padrines et al., 1994MMP-12, which is found predominantly macrophages, destroys

the ELRmotif of hIL-8, which is essential for its CXCR2 binding capacity. This results

in the inactivation of humaiL-8. Given that K-8 can also be processed by MMPs, |
used the fluorescence substrate ADXVVASELR-Y(NO2)-D that features the N
terminal sequence of MIR to test processing of mMIP by other endoproteases of
PMNs Fig 4.2 B). Cleavage at any position of the peptide results in the generation of a
fluorescence signal. The negative control consists only of substichteuéfer, while hNE

was added as a positive control. As expected, PMN lysate from wt mice was able to
cleave the substrate, because it contains mPR3 and mNE. PMN lysate from PR3/NE
deficient mice was no longer able to generate a signal, thus the onlpretedses

capable of processing mMVHPin neutrophils are mPR3 and mNE.
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Fig 4.2: mNE and mPR3 are the only endoproteasgzocessing MIP-2. (A) Chemotactic property
of IL-8 is enhanced after the processing by MBIRMMP-9 and hPR3n-vitro. By contrastcleavage
of MMP-12 inactivates l.-8. | incubated mMIF2 (0.2 mg/ml) with mPR3 or mNE (19 pg/ml) an
gave the digest for mass spectrometry analysis to E. Wehyer (MPI Biochemistry). A cleavage
Ala* was found, which is comparable to the cleavage wihere hPR3 processesLk8. (B) A

substrate covering the Nterminal sequence of mMHP (AbzGAVVASELR-Y(NO2)-D) was

incubated with the lysate dfom 1.5*10° wt (filled, black squares) and PR3/NE deficient mPMI
(hollowed, black squares). Once thabstrate is cleaved the quencher and fluorescent gavep
separatedthe fluorescence waseasuredexcitation: 320 nm, emission: 405 hnOnly wt (black

squareshut not PR3/NE deficien(ivhite squaresinPMNs were able to cleave the substrate, mear
other proteases of mMPMNs were not able to cléheél-terminal sequence of mMIR. The negative
control (grey dots) consisted of substrate alone. For a positive control (grey squares) hNE wa
to the substrate. Data (mean + SD) are representaténdiependent experiments each conductet

triplicate. The y-axis shows the fluorescence in relative fluorescence (RiRS).

To simulate a more in vivbke situation, | isolated mPMNs from the bone marrow and
stimulated them with TN . T h e nMIR-2 aadlirtwbated this at 37°C for 4 hours.
After an immunoprecipitation with armlIP-2 antibodies (Preprotech), | blotted the
purified MIP-2 on a membrane for Edman sequencingas able to detect MI2(5-73)
only with wt, but not with PR3/NE deficiermPMNs The experiment was repeated

thrice.
4.1.2 Chemotactic properties of MIP-2

4.1.2.1 Comparison of processed and intact mMIP2

As already mentioned, PR3 processéd-& is a more chemotactic form oflh8, so
processed mMIR2 might also change its chemotacpooperties. The undexgarose
assay enabled me to compare unprocessed andgserdd mMIF2 in one experimentn a

agarose layer holes were punched for the cells and chemokines. Between the chemokines
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(7 pl with the concentration 0.2 mg/ml) 7 pl of 2.4¥1®@PMNs were placed. After-@
hours a pictures were takevith an optical microscope (20 x magnificatiorss)d the
migratedcells werecounted.The cell count was very heterogenous from experiment to
experiment with 11247 cells migrated mPMNs as the hegh cell numbers-or better
comparison cell count was normalized, with the highest cell count set to 100%. Unaltered
mMIP-2 (MIP-2(1-73)), a mixture of mMPR3 and mMWHP and PR3 alone were tested at
the same time during one experim@fig 4.3 A). Almost naae mPMNs migrated towards
the negative control, mPR3, because mPR3 itself is not chemotacticKef4).3 B). A
moderate amount of cells (&) crawled towards mMH2(1-73), while five times more
PMNs responded to processed MIRMIP-2(5-73)). Murine MIR2 that was processed
by mPR3 is therefore clearly more chemotactic than intact A(1F73).

A B
250+ 100 T
200 = 80 |
5 T =
5150' ‘g 60 1
<]
:100’ = 40
o i)
” 50 . s
] B s
PR3 MIP-2 MIP-2 0 PR3 MIP-2 MIP-2
+PR3 +PR3

Fig 4.3: Processing of MIR2 enhances its chemotactic activityror the comparison of chemokine
7 ul mPMNs (2.4*10 cells/ml) are placed between the chemokines (BgZml) into holes in an
agarose layer. The mPMNs can sense the chemokine gradient and start to crawl under the
towards the chemokine source. Using an optical microscope the migrated cells are cé)niée.

total cell countfor mPR3 (light grey bar)intact MIP-2 (white bar) and processed MPP(dark grey

bar) were compared to each othd@®) As the cell number of migrated cells varied much between
experiments (11:247 PMNs for MIP2+PR3),I normalizedthe cell counto thehighestvalue, which

wasset to 100%. Processed MPPattracted five times more mPMNSs than intact MIFData (mean *
SD) are representative of 3 independent experiments.

4.1.2.2 Production of processed and intact MIP2

Only MIP-2(1-73) is commercial available at present. Therefore it was necessary to
express both forms of mMIR in our lab for further experiments. As described for NSPs,
both mMIR2 forms were expressed in HEK293 EBNA cells. The constructs consisted of
an Isigraalpeptide and a ®@rminal histag Fig 4.4 A). | was able to express and

purify clean MIR2(5-73) with a correct Nerminus Fig 4.4 B), verified by Reinhard
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Mentele (Core facility of MPI of biochemistry) via Edman Sequencing. Expressioiti of
length MIR2(1-73) without a propeptide was unsuccessful, as 30% of21F73) was
shortened by one amino acid residue at tHersinus. To protect the-Mrminus of the
MIP-2(1-73) against exopeptidases, a small propeptide with cleavage sitenforaleby
enterokinase was addedtdrminally to MIR2(1-73). In order to apply equal treatment to
both forms, | also tried to use the same propeptide with-2(B73). Unfortunately, the
propeptide of MIP2(5-73) could not be removeuay enterokinase. This the reason why

| expressed MIR2(5-73) without propeptide, while MH2(1-73) was expressed with a
propeptide. | purified both forms of MiP using either PrepEase MIDI columnsr
HisTrap™ HP columns, depending on the amount of supernasact,was abléo get
clean preparations of MR (B, C). Successful conversion of pro_MB#1-73) with
enterokinase was analyzed by SPAGE and was demonstrated by Edman sequencing

in the Core facility of the MPI Biochemistry (Reinhard Mentele).

B C
7 Pro-
7/ — b2 Mip2

e
Igk signal peptide 46— . 46 —
propeptide 30 — Z
[ MIP-2 (1-73) %l 30—
= MIP-2 (5-73) 25—
El his-tag {
17 — 17—
T p— -
- -

Fig 4.4: Production of processed and intact MIP2. (A) The pTT5/HEK293 expression syste
was used to produce two MIPvariants. Both constructs have aefminal histag (black bar)
for purification. MIR2(1-73) (white bar) has an additional propeptide (black, hatchedtba
protect itagainstexopeptidases from HEK293 cellBhe propeptideended with arenterokinase
cleavage site, so the propetideuld be removedprecisely after purificationThe sequence is
listed in the appendix8(2.3and8.2.4 (B) Purified MIP-2(5-73) (400 ng) wasseparatedn a

15% SDS gel and stained with silveC)(The conversion of purifiegpro-MIP-2(1-73) by

enterokinase was checked after SBSGE and silver staining. 4.5 pg of@MIP-2(1-73)

before and after the digests loaded.

4.1.2.3 CXCRZ2 internalization after stimulation with MIP -2

It is still unclear why MIP2(5-73) is more chemotactic than ME1-73). One reasors

the different receptor binding capabilities of the two MIFRorms. | isolated mPMNs
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from wt mice and incubated*10° mPMNs with 200 ng MIP-2(1-73), 200 ng
MIP-2(5-73) or PBS at 37C for 5 min. After the mMIF2 variants bound to CXCR2, the
MIP-2-CXCR2 complex was internalized, thus the amount of receptors on the surface
was reducedHig 4.5 A). Murine PMNs were then stained wigmt-rCXCR2 receptor
antibody (2 pg/mlto quantify the remaining CXCR2 on the sudaAs this antibody is a

rat antibody, a FIT&oupled antrat antibody (2.5 pug/ml) was used for visualization in
FACS.

Before MIR2 treatment, there were 38+1% CXCR@sitive PMNs Fig4.5B). After
incubation with MIR2(1-73) and MIRP2(5-73), 9+4% and.0+3%, respectively, remained
CXCR2positive. In each experiment 10000 PMNs per population were counted. The data
are mearx SEM of three independent experiments.

A
\: Lﬁﬂﬂ CXCR2
‘\ Jl <71 MIP-2
\f“ D cherry
== antibody
GFP
B
=100 =50 -
% : O 1sotype &
é 80? | [ only PMNs §40' =
A~ 60 - . ] PMNs A 30
S 40/ +MIP-2(1-73) &y 20
g -
§ 71 wa +MIP-2(5-73) &5 i_i_
— 0 N \ \ T
= 10 100 100 100 10¢ SRS
anti-CXCR2-FITC & QWQ &
&F

Fig 4.5: CXCR2 internalization after stimulation with MIP -2. (A) 1*10° Murine PMNSs,
isolated from the bone marrow, were first incubated 20 ngMIP-2 or PBS at 37°C for &
min. After binding of MIR2, receptors were internalized and therefore disappeared fron
surface. Immediately after the incubation PMNs were stained withC¥@R2 (2 ug/ml) to
detect the remaining CXCR2 (second antibody: FED@pled antrat; 2.5 pg/ml). B) The
CXCRZ-PMNs were counted after exposure to MI@-73) (red) and MIF2(5-73) (blue) and
compared to unstimulated PMNs (blackjhe left panel shows an example of such
experiment. The right panel shows a summary of all experin@otl.MIP-2 variants were able
to induce receptor internalization. No significant difference coeldliscerned. Data shown ai
mean = SEM from all experiments with n=3 and always 10000 cells were counted foi

staining.
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4.1.3 Further MIP -2 variants

4.1.3.1 Production of further MIP -2 variants

| produced fusion proteins between M2Rand two different fluorescence protgicherry
and ruby, to visualize mMHI2 processingn-vitro andin-vivo (Fig 4.6 A). As described
above,constructs before, | expressed both fusion proteins in HEK293 EBNA nells
usnga n -s$ignad peptide for secretion and a&minal histag for purfication. In the
first construct the fluorescence protein cherry wageikinally fused to MIF2(1-73)
(Ch_MIP-2). Since the Nerminus is very important for chemotactic activity, | also made
a construct in which the fluorescence protein ruby was insketdeen MIP2(5-73) and

its histag (MIP-2_Ru) at the @erminus. Both proteins were well expressed in HEK293

EBNA cells and could be isolated from the supernatant in highly pure form using

A
(T H
T

Igk signal peptide B his-tag

I cherry CIMIP-2 (1-73)
Hl ruby = MIP-2 (5-73)
C
Ch_MIP-2 MIP-2 Ru
kDa kDa
62 — | 175 —
49 — 80—
38 — 58—
46—
- —]
28 — 30
IV —
(s | D 25 __
17— 17 _
14 —

Fig 4.6: Production of further MIP -2 variants. (A) As with the proteins describeabove the
pTT5/HEK293 expression system was used for recombinant production. Bot@ BiRstructs have
a Gterminal histag (black bar) for purification and anagignal peptide (grey, hatched bdoy
secretionIn the Ch_MIR2(1-73) construct, the fluorescence protein cherry (white, hatched bar
been placed Merminal to MIR2(1-73) (white bar), while for the MH2_Ru construct the
fluorescence protein ruby (dark grey, hatched bar) has béemtihally positioned to MIR2(5-73)
(dark grey bar)The sequence is listed in the appen@»@ (5and8.2.6 (B) 3.3 pg purified Ch_MIP
2 (band 1) was run on a 15% SDS polyacrylamide gel and stained with Cooriassedditional
lower band2 is probablya degradation product resulting from an unwantetéixinal cleavage in
HEK-293. (C) MIP-2_Ru was purified and 560 ng was loaded on a 15% SDS gel that was s

with silver.
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PrepEase MIDI column®r HisTrag™ HP columns(B). Purification of Ch_MIP-2
yielded a second band of approximately 26 kDa. Since this banthaiiidto the Nk
column and cepurified with Ch-MIP-2, | suggest, that Ch_MiP was nicked and
shortened within the fterminal region by endoproteases from HEK293 cells.

4.1.3.2 Processing of Ch_MIR2 with mNE or mPR3

Cherrywaslinked to MIR-2(1-73) and initial cleavage by mPR3 or mNE sepataterry
(28kDa) from MIR-2(5-73) (7 kDa) Fig 4.7 A, B). To see whether the cherry domain
sterically blocks the cleavage site of mMPR3 or mNE, | incuba®epdg Ch_MIP-2 (Fig

4.7, band 1) withl.67 pgactivemPR3 ormNE and ran an SDBAGE to analyze the size
shift. After 10,20,30,60 and 120 mini@liots containing 4 ug Ch_MIR and 222 ng
protease were taken and immediately boilethweducing sample buffer at 95. A band

with the size of cherry appest (Fig 4.7, band2) after 10 minutes of incubatioof
Ch_MIP-2 with mNE After 2 hours Ch_MIFR2 wascompletely cleaved and only cherry
remaired MIP-2(5-73) wastoo small andwas therefore not retained on this gdlhe
reaction with mPR3 was considerably slower, but still mPR3 was able to digest

Ch_MIP-2 almost completely after 120 min.

A Ch_MIP-2 + mPR3 B Ch_MIP-2 + mNE
kDa _ kDa
175—} ' o
-1
80— ; —80
58—6 % —58
46— —46
30— — L& N
75| & —_ — —30
—25
L= =17

0 10 20 40 60 120 time[min] 0 10 20 30 60 120

Fig 4.7: Processing of Ch_MIR2 by mNE and mPR3. (A) For each experimerni67 pgmPR3was
incubatedwith 30 pg Ch_MIP-2 at 37°( ratio of 1:18. At every time point an aliquatas retrieved
and immediatelyboiled at 95°C with sample buffeEach lane contains 4 pg Ch_MPPand 22g
mPR3 Ch_MIPR2 has a size of 35 kDa big (band 1) and is split into cherry (28 kDa) an@ (#F3)
(7 kDa) after cleavage. Only the bigger band of cherry (band 2) can be seerCadhiassiestained
15% SDS polyacrylamidgel. (B) The experiment frorA was repeated with mNE instead of mPR
30 pg Ch_MIR2 was incubated with 1.67 pg mNE and aliquots containing 4 pg Ch-2VéRd 222
ng mNE were retrieved at different time points. Taliguots were loaded on a Coomassigined
15% SDS gelBoth mPR3 and mNE were able to cleave Ch_J2liAto cherry and MIR2(5-73).
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4.1.3.3 CXCR?2 internalization after stimulation with MIP -2 variants

As already mentioned the-tdrminal extension of M2 by cherry may influence its
chemotactic ability. To investigate this, Ch_M2Pand MIR2_Ru, which have about the
same size, were compared to eatier with regard to CXCRiternalization(Fig 4.9). |
incubated and stained wt mPMNs as described in chaptet.3 Murine PMNs (1*16)
were incubated with equal amounts of Ch_M2Rr MIP-2_Ru 860 ng) at 37C for 5
minutes. Immediately afterwards tloells were cooled on ice and stained with -anti
CXCR2 antibody (2 pg/ml). The second antibody, FHdd&upled antrat antibody was
used at a concentration of 2.5 pg/Mfhile 32+9% of wt mPMNs had a high CXCR2
expression, only 5+4% and 6+5% respectivelymamed CXCR2 positive after
incubation with either Ch_MH2 or MIP-2_Ru.

% | O Isotype 550-

& [0 only PMNs 2 401

& ] PMNs Z 301

° +Ch_MIP-2  +' 20

g is >

2 [ PMNs & 10,

= o/ +MIP-2 Ru X

= 0/ : NN “ 0

8 0 1 ‘ 2 3 4 & 9’ >
100 100 10> 10° 10 RN ba

anti-CXCR2-FITC < %

& &
e X

Fig 4.8: Internalization of CXCR2 after exposure to MIP-2 variants. Murine wt PMNs(1*10°)
from the bone marrow were incubated w60 ngCh-MIP-2 (red)or 860 ngMIP-2_Ru (blue)or
PBS (black) at 37°C for 5 min, and then stained with-@xCR2 antibody(2 pg/ml). CXCR2
density was determined blow cytometry The left panel show an example of such an experim
The right panel shows the summary of all experimebD&ta shown @ mean + SEM from all
experiments with n=2. Ch_MIR and MIR2_Ru reduced CXCR2 positive population from 32(x2
to 5(x4)% and 6(+5)% respectively. There was no significant difference betweeviiiga 6 s

MIP-2 Rués ability to iomvoke CXCR2 internal:.

Since | expected Ch_MIP to be inert, | repeated the experiments with PR3/NE
deficient PMNs to exclude the activation of Ch_NMIRand MIR2(1-73) to a more active
form by mPR3 and mNE from wt PMNBi§ 4.9 A).

The PR3/NE deficient mPMNs were incubdtand stained as described ab(vig 4.5
andFig 4.7). It was more difficult to define clear populations of CXCRZPMNSs Fig
4.9 B). | set a gate, so 11.1+0.4% of wt mPMNs were CX@Bd3tive. As expected,
incubation with MIP2_Ru decreased the amounf CXCRZ-cells to 3.2+0.1%.
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Interestingly, Ch_MIP2 did not change the levels of CXCR2 on the surface. | also
repeated the comparison Wween MIR2(1-73) and MIR2(5-73) (Fig4.9 B). There was

A PR3/mNE
i ﬁ[m CXCR2
¥
— I mip-2
mmmm—m [[[[[[[K= [ Cherry
—«% PR3 orNE
B
2 1004 it ) O 1sotype Q\?]S'
Z 804 il . i O only PMNs E
E 60 ‘, |‘ ‘w.\-ﬁ,‘;w‘.‘_. I‘ D PMN’s E 104
s A \ +Ch_MIP-2
= 40:! | \ o] 5
5 [ PMNs o
g 200 | \ + MIP-2 Ru §<)
= 0. \ A © 0= 3
=100 100 100 100 10° & g’ L8
anti-CXCR2-FITC S \&\Q”
O
X
C
5100_: d« b O 1sotype §40-
% 1 8 VY —
é 30 ‘ "Wl‘ -l [ only PMNs 2 304
= 60, ] PMNs =
S | N | d a." 20
S sl I F +MIP2(1-73) 4
5 /o] [] PMNs £ 101
2200 AL + MIP-2(5-73)
5 O\/ G s O
000 100 100 100 10° & QN
anti-CXCR2-FITC < qsvk\ >
N N
xé\ Xé‘

Fig 4.9: Different ability of Ch_MIP -2 and MIP-2_Ru to internalize CXCR2 (A) Wt mPMNSs can

use their own mPR3 and mNE to converti@HP-2 to its active form and wt mPMNs can therefo

also convert MIFP2(1-73) to the more chemotactic form MIE5-73). To avoid this, the experimen
from Fig 4.8 was repeated with PR3/NE deficient mPMNB) Knockout PMNs(1*10°) from the
bone marrow were incubateat 37°C for 5 min wittB60 ngCh-MIP-2 (red) or MIP-2_Ru (blue)
Cells treated only with PBS are depicted black. The PMNs were staitle@ pg/ml ant-CXCR2
antibody(second antibody: FIT€oupled antrat antibody; 2.5 pg/ml)CXCR2 positive cellsvere
counted and compared. Data shown is the meanM B&m all experiments with n=20nly MIP-

2_Ru but not Ch_MIR2 was able to induce CXCR?2 internalization in PR3/NE deficient mP{)s
PR3/NE deficient mPMNs were incubated with 200 M{P-2(1-73) (red)or MIP-2(5-73) (blue)

before they were stained with a@XCR2 antibody as described aboata shown is the mean :

SBEM from all experiments witm=4. There was no significant difference between MIR-73) and

MIP-2(5-73).
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no significant difference between those two MPvariants. Both decreased the
population of CXCR2 cells from 31.3+0.5% to 4.2+2.8% (MHK1-73)) or 3.4+2.0%
(MIP-2(5-73).

4.1.4 Other chemokines as substries

Based on the known-krminal sequences of three other CXC EldRemokines, three
fluorescence substrates were synthesized by EMC microcollections GibAifter the

cleavage of these substrates the fluorescence can be measxgidtion: 320 nm,

A
Chemokines Fluorescence substrate
CXCLI (KC) APIANELRCQCLOTMA  Abz-GAPIANELR-Y (NO2)-D
CXCL2 (MIP-2) AVVASELRCQCLKTLP
Abz-GAVVASELR-Y (NO2) -D
CXCL3 (DCIP-1) AVVASELRCQCLNTLP
CXCL5 (LIX) APSSVIAATELRCVCLTVTP  Abz-GVIAATELR-Y (NO2)-D
B C
LIX : Abz-GVIAATELR-Y(NO2)-D KC: Abz-GAPIANELR-Y(NO2)-D
120 120
100 100
gt
80 {HH - 80
- 60 HE ~ 60
2 4043t 40
2053323330558303300033093808 201
0 1 T T 1 0 1
0 10 20 30 50
time [min] time [min]
¢ PMNs lysate, wt & PMNs lysate, wt
o PN Iysate; PR3/NE - & PMNG Iysate. PR3/NE -/-
g neg control

Fig 4.10: Processing of other chemokines by mNE or mPR@\) There are three other murine CX
ELR" chemokines that may also be processed by mPR3 and mNE. To answer this questi
additional FRET-substrategepresentinghe Nterminus from the other chemokines were order
Cleavage of the substrates by mPR3 or mNE results in fluorescence that can be mézstires.
LIX substrate AbzGVIAATELR-Y(NO2)-D was incubated with lysates from.5*10° wt (black

squares)r PRB/NE deficient PMNg(white squares)The negative control was only substrate a
buffer (grey dots)Data shown is the mean + SEM of 3 independent experiments each condur
triplicates. The LIX substrate is cleaved by the lysate of wt PMNs, but nifteblysate of PR3/NE
deficient PMNs,(C) The KC substrate ABGAPIANELR-Y(NO2)-D is incubated with lysates fron
1.5*10° wt (black squares) or PR3/NE deficient (white squeares) PMINs.negative control wa:
only substrate and buffer (grey dotBlata showris the mean + SEM of 3 independent experime
each conducted in triplicate¥he KGsubstrate is cleaved by lysate of wt and PR3/NE knock
lysate, although cleavage was morkcefnt with lysate of wt PMNSs.
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emisson: 405 nn). The substrates weded to thdysates from 1.510° mPMNs at
room temperatureand the measurement was immediately starfdee LIX substrate
(Abz-GVIAATELR-Y(NO2)-D) showed a similar pattern as the M2Psubstratg§Abz-
GAVVASELR-Y(NO2)-D). It was cleaved by wt lysate, but not by the PR3/NE knockout
lysate. By contrastthe KC substrate (AbZGAPIANELR-Y(NO2)-D) could be cleaved

by lysate of wt and PR3/NHeficient PMNSs, although the cleavage by double knockout

lysate was diminished.
4.2 NE es@pes inhibition by self-cleavage

4.2.1 Self-cleavage of NE

4.2.1.1 Identification of self-cleavage sites

After the removalof the propetide of mNE with enterokinase, the molecular weight
shift was routinely checked on a SIPAGE to ensure complete activation of mNE. In
doing so it was discovered that in addition to the expected mature form of mNE two
smaller bands appeared around 20 kBdman sequencing revealed that both bands
featured the Nerminal sequence of mNE. Thus, at some point during enterokinase

treatment mNE mushave beercleaved in the @erminal region Fig 4.11 A). After

Fig 4.11: Two selfcleavage sites of mNE identified(A) Purified mNE before (1) (left lane; 5 ug)
and after the incubation with enterokinase (right lane; 3 pg3 analyzed by SDBAGE and
Coomassie Blue staininhe middle lane contains the prestained protein marker (NEB, P71708).
additional band¢3, 4), besides the mature mNE) were detecte@fter EK incubation (right lane)
Edman sequencing revealed thlé bands 3 and 4 started with the matNreerminusand were
therefore identified as #&rminal fragmentef mNE. (B) Using a small peptide 18% triscine SDS
gel, the small @erminal fragmentdrom mNE (5 pg loaded) natisible in panelA were separatec
and subjected to Edman sequencitifgman sequencingvealed twaleavage sites at’"#/N'"° and
AG' Edman sequencing was carried out by Reinhard Mentele (Core facility of

Biochemistry).
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