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1 Introduction

All living cells are surrounded by membranes wharle two dimensional solutions of oriented
lipids and globular proteins (Singer & Nicolsor@72). The membrane lipids form permeability
barriers that shield functional compartments anel ¢ells from their immediate environment,
whereas proteins that span the membrane mediatéy radaother membrane functions such as
communication with the environment. Thus, plasmantmr@nes with the help of numerous proteins
serve as selective gates which control the movemfemiolecules into and out of the cell, thereby
acting as communication units between the cells thedt environments. Proteins spanning the
plasma membranes are involved in several biosyinth@tocesses and signal transduction.
Numerous pathogenic reactions occur at the cefaser As a whole, the plasma membrane, the
proteins spanning the membranes and the glycakedito the proteins play vital roles in these
pathogenic reactions.

Due to the tight defence mechanism offered by péasmembranes, intracellular parasites which
cannot disseminate their genetic information indejgatly have evolved distinct strategies to
utilize the host machinery. These strategies ireoitlity of host membrane proteins and
manipulation of the host signal transduction patysvarhe infection of T cells by the human
immunodeficiency virus for example, involves théenplay between cell surface proteins such as
CD4, chemokine receptors and several other proteudved in the activation of T cells, such as
the archetypal member of the prolyl oligopeptiddamily, namely Dipeptidyl Peptidase IV.
Studying the interaction of membrane proteins witioteins of parasites and the mechanisms
underlying this interaction will shed light on umsianding the exact roles played by specific
proteins on the cell surface in various diseaskas [research on these host-pathogen interacgons i

indispensable for drug design and the fight agalissgases.

1.1 The Prolyl Oligo-Peptidase family

The prolyl oligo-peptidase family (POP; EC 3.4.&).2omprises a family of aminopeptidases and
endopeptidases which are involved in several biokdgorocesses, owing on one part to their
locations on the cell membrane and on the othed,htantheir ability to hydrolyse the post-prolyl
bond of polypeptides. The Dipeptidyl Peptidase (PBene family is distinguished from other
members of the POP family by a pair of glutamasiduges that are distant from the catalytic serine
in the primary structure (Ajangt al., 2003), but within the catalytic pocket in thetity structure
(Rasmussest al., 2003). These glutamate residues on position Bd=286 in DPPIV are essential
for dipeptidyl peptidase activity (Abbot#t al., 1999). The DPP gene family has six members,
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including FAP (fibroblast activation protein), DRRIDPP8, DPP9 and the two non-enzymatic
DPP-Like proteins, DPPL-1 and DPPL-2.

Dipeptidyl peptidase IV, (DPPIV) is the archetypaémber of the six-member gene family. Only
four of the six members of the DPP family, DPPIVig&ptidyl peptidase 1V), FA® DPP8 and
DPP9 constitute the subset of proteinases capdlikaving the prolyl bond two positions from
the N-terminus (Leitingt al., 2003).

Domains: |Cytoplasmic Trans- Hydrolase Propeller Hydrolase
: membrane
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Figure 1.1: Schematic presentation of the proteinsf the DPP gene family
The arrangements of structural domains as welhasapproximate positions of N-glycosylation, cystei
residues and some residues required for enzymetaaind ADA or antibody binding are depicted. The

diagram is not to scale. The Diagram is modifiearf{Gorrell, 2005).

DPPIV (EC 3.4.14.5) was the first identified membéthe heterogeneous gene family. Before the
discovery of other members of the gene family, DP®R&s considered the only membrane-bound
enzyme specific for the cleavage of polypeptideshwil-terminal proline at the penultimate

position. Later on a 68% homology in primary stawet of fibroblast-activation-protein-alpha

(FAP-0) to human-DPPIV was reported (Scanktnal., 1994). FAPe also shares a membrane

bound feature with DPPIV but shows an additionalaygase activity. Although FAR- is
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structurally very similar to DPPIV, its expressianlargely confined to diseased and damaged
tissue. Re-expression of DPPIV rescues the exmressiFAP«e in melanoma cells (Weslegy al.,
1999), suggesting their co-action and/or functiosabstitution. The family members DPP8 and
DPP9 are cytosolic proteins which have been pirtpdim silico to the two human chromosome
loci 15922 and 19p13.3 respectively (Abbetttal., 2000; Olsen & Wagtmann, 2002). Both are
widely distributed and indirectly implicated in inome function. Only full-length expression of the
paralogous genes of DPP8 and DPP9 produce enzwathatictive proteins and the mature proteins
are able to cleave naturally occurring peptidedhef incretin and pancreatic hormone families
(Bjelke et al., 2006). The two DPP-like glycoproteins, DPPL1 &MPL2 lack peptidase activity
and serve as brain-specific potassium channel natmigl Further molecules that share structural,
activity and also membrane bound features with DPRIclude N-acetylatedh-linked acidic
dipeptidase (NAALADase) (Pangaletsal., 1999), and attractin (Duriret al., 2000).

1.2 Dipeptidyl Peptidase IV (DPPIV)

Dipeptidyl peptidase IV (DPPIV) is a Type Il tranembrane glycoprotein which was first
described in 1966 by Hopsu-Havu and Glenner ag@/lgprolyl-naphthylamidase (Hopsu-Havu &
Glenner, 1966). Some years later it was demonsdtréizt the protein possessed an exopeptidase
activity and thus cleaved-terminal dipeptides from polypeptides with prelior alanine in their
penultimate positions. The protein was then namegdeidyl-peptidase IV or Dipeptidyl-
aminopeptidase IV (Callahast al., 1972; Kennyet al., 1976). In 1990 the T cell activation marker
CD26 was identified as DPPIV (Hegehal., 1990) and investigations on the primary structure
proved that the DPPIV enzyme found in animals veesiical with the human T cell activation
marker CD26 (Misumét al., 1992; Tanakat al., 1992).

1.2.1 Occurrence and distribution of DPPIV

The first successful isolation of integral DPPIVsixfeom rat liver and kidney (Hartel-Scheetial .,
1990)and later on from a diverse number of tissues witegeeither constitutively expressed or
strictly regulated. DPPIV is ubiquitously expressed! widely distributed in mammalian tissues.
Remarkably high expressions are found on epithelma endothelial cell surfaces, fibroblasts as
well as activated lymphocytes. In humans, DPPI¥asstitutively expressed on epithelial cells of
liver, intestine, kidney and in a soluble form ier@m. In the liver, it is found mostly on the
epithelial cells lining the lumen of the bile duethereas expression in the lungs is limited to the
alveolar macrophages and interstitial cells (Hagtedl., 1988). In pancreas DPPIV is found in

theA-cells in secretory granules (Gronetral., 1999).
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Similar to other ectopeptidases, DPPIV is involwedeveral immunologically relevant functions.
Due to this, its expression undergoes strict omioegical control during T cell maturation (Fetx
al., 1984; Micouin & Bauvois, 1997). The expressidrD&PIV on hematopoietic cells is strictly
regulated depending on the activation status ofctks. On lymphocytes, DPPIV expression is
found mostly on the T cell population. On a fraotaf resting lymphocytes low levels of DPPIV is
expressed which is strongly up-regulated after T asivation (Mentleinet al., 1986; Fleischer,
1994). In resting peripheral blood mononuclearscé@®BMC), a small subpopulation of T cells
express high levels of surface DPPIV (CE8B ', which belong to the CD45R@opulation of
memory T cells (Vanhar al., 1993).The number of CD28%"cells and CD26 antigen density is
higher during the active phase of autoimmune desasuch as rheumatoid arthritis (Getlal.,
1996), multiple sclerosis, Grave’s disease, Hastoradhyroiditis and sarcoidosis (De Meesger
al., 1999), and decreased during immune suppressds,the case in AIDS (Blazquetzal., 1992;
Vanhamet al., 1993), Down’s syndrome (Bertottet al., 1994) and common variable hypo-
gammaglobulinemia (De Meestetral., 1999). A more detailed analysis of the T cell ylapions
revealed a correlation of DPPIV expression with Theelper subsets. The Thl and ThO cells
display higher expressions than Th2 cells (Willhesimal., 1997). Amongst human and murine
thymocytes, CD26 is differentially expressed andobeesup-regulated as thymocytes mature
(Ruizet al., 1998). In the ovary, the expression of DPPIVasiqdically regulated (Fujiwaret al.,
1992), so that very high levels are expressedangpita which decrease with the onset of pregnancy
in humans (Nauscé# al., 1990).

Besides the integral membrane form, a soluble fofMPPIV deficient of the intracellular tail and
transmembrane regions, was characterized basets @nzyme activity, immuno-reactivity and
binding to ADA (Duke-Cohamt al., 1995; Durinxet al., 2000). This soluble DPPIV is thought to
result from membrane bound DPPIV by proteolyticagkge. It is highly active and is responsible
for the inactivation of several bioactive peptideggh concentrations are found in seminal plasma
(Wilson et al., 1998), whereas moderate and low levels are aetantplasma, cerebrospinal fluid
and urine respectively (lwaki-Egavenal., 1998). The concentration of soluble DPPIV in seiig
altered in several diseases (Hargtlkal., 1986; van Westt al., 2000). Interestingly, CD26 has the
ability to enter into an endocytosis / exocytosyEle, which involves re-entry into the Golgi
apparatus and results to glycosylation changestangroduction of heterogenic forms of DPPIV
(Kahneet al., 1996).

1.2.2 Structure of DPPIV

The human-DPPIV gene is located on the long arrmhodbmosome 2 (2g24.3) and spans 70 kb
approximately. The protein is encoded by 26 exanging in size from 45 bp to 1.4 kb (Abbett
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al., 1994). In human and mouse, specific exons enclaigical functional domains (Bernagetlal.,
1994). Based on the presence of a single uniqueNDRIRNA, DPPIV can be considered a
housekeeping protein (Horeg al., 1989). The 5 flanking region of the gene contano TATA
box nor a CAAT box like the ones commonly foundhimusekeeping genes, but rather a 300 bp
sequence that is rich in C and G and possessestipbteinding sites for NkB, AP2 or Spl
(Bohmet al., 1995).

Rat-DPPIV consists of 767 amino acid residues, adeehuman and mouse-DPPIV constitute 766
and 760 amino acid residues respectively (Ogath., 1989; Marguett al., 1992; Misumiet al.,
1992). There is a 92% homology between the ratnamgise and about 85% homology between rat
and human DPPIV cDNA sequence. The N-terminus amntashort cytoplasmic domain of only 6
amino acid residues, and a 22 amino acid-long tpjdybic transmembrane domain. Both domains
serve as a signal peptide and a membrane anchatg@aal., 1989). The extracellular region of
DPPIV consists of 732 (mouse) — 738/739 (humanratjdamino acid residues and can be divided
into 3 distinct regions of approximately same swéh reference to specific characteristics. The
primary amino acid sequence of DPPIV contains &t) (or 9- (human) of the specific N-
glycosylation consensus sequence - Asn-Xaa-Ser/T{lranakaet al., 1992). Directly next to the
membrane anchor is a large glycan-rich region whanttains 5 of the total N-glycosylation sites in
both speciesThese N-glycans are partly responsible for thedgickl stability and processing of
the protein (Faret al., 1997). Sialylation of DPPIV also takes place ba glycan-rich region and
increases significantly with age, whereas extremgpetsialylation is found in HIV-infected
individuals (Smithet al., 1998). A cysteine rich domain comprising 10 of ftiecysteine residues
found in DPPIV separates the glycan-rich and theer@inal region. The cysteine residues build
disulfide bridges which are responsible for tharfation of the functional conformation of DPPIV
(Lambeiret al., 1997; Doberst al., 2000). Homodimerization induced by this domaiuaritical for
enzyme activity of the protein (Puscleehl., 1982; Walborgt al., 1985).

The C-terminal region of DPPIV contains the resglwehich make up the catalytic centre. In
human, the active site serine-630 of DPPIV is surded by Gly-Trp-Ser630-Tyr-Gly-Gly-Tyr-
Val, which corresponds to the motif Gly-X-Ser-X-Gbyoposed for serine-type peptidasése
catalytic triad of human-DPPIV is composed of tesidues Ser630, Asp708, and His740, which
are located within the last 140 residues of the@inal region (Ogatet al., 1992). The catalytic
triad composes of Ser631, Asp709 and His741 iffQghataet al., 1989) and Ser624, Asp702 and
His734 in mouse (Daviet al., 1993) respectively.

At physiological conditions DPPIV is found on thellcsurface as a non-covalently linked
homodimer composed of two identical subunits (Kakist al., 1982). The unglycosylated
monomeric protein backbone has a molecular weifjBd&kDa (Petelkt al., 1987). The molecular
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weight of DPPIV homodimer depends on organ- andiepdan question and ranges between 210
and 280 kDa (Kenngt al., 1976) due to different levels in glycosylatiorugehelet al., 1982).

The crystal structure of DPPIV from various mammaduding human-DPPIV was solved (Engel
et al., 2003; Hiramatswet al., 2003; Rasmussest al., 2003; Aertgeertgt al., 2004). The crystal
structures revealed a homodimer in human and tetram porcine-DPPIV. Each monomer is
composed of two domains: an N-terminal 8-blaflqutopeller domain (residues 61-495) and a C-
terminalo/p-hydrolase domain (residues 39-55 and 497-766). Cis&eine- and N-glycan-rich
domains are packed within tBepropeller domain. The catalytic triad (S630, D788d H740) is at
the interface of the two domains. Two openings, ionghe 3-propeller domain and a side opening
formed at the interface of th@-propeller and hydrolase domains provide accessutustrates
(Aertgeertset al., 2004). The propeller opening is formed by fheropeller domain, which is
composed of an unusual eightfold repeat of bladesch blade comprises four-strands of
antiparallel3-sheets. The3-propeller domain defines a funnel shaped, solfidatt tunnel that
extends from the lower face of tBepropeller to the active site. The lower face & thnnel, distal

to the hydrolase domain, has a diameter of appratéiyn 15 A. The size of the distal and side
openings reveals why the substrates and inhibatbBPPIV must possess a limited chain length of

about 80 amino acid residues.
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Figure 1.2: Crystal structure of human-DPPIV in conplex with bovine adenosine deaminase (ADA)
and two Trp2-TAT-(1-9) peptides (Weihoferet al., 2005).

The membrane and membrane anchor (not seen inettteom density) are drawn schematically. The view
normal to the pseudo-2-fold axis (vertical arrohattrelates the two hDPPIVbADA in []2. The domaofs
hDPPIV are colored dark blue and light blue for the/drolase and -propeller domains, respectivehd
two tetrasaccharides (stick modeled) covalentlgchied to hDPPIV bind to bADA (green, with Zn2+ (red
sphere) in the active site) bound to the outer dhthe —propeller domain of each hDPPIV. Six rasm of
the nonapeptide Trp2-Tat-(1-9) in orange bind &aétive site of each hDPPIV. On the right, theanpart
(N terminus) of the peptide is located in the axthite between the /-hydrolase and -propeller dosnaf
hDPPIV, and the lower part is located in the sigering that points toward the viewer. On the lgfe

peptide enters the active site from the back.

1.2.3 Biological functions of DPPIV

1.2.3.1 DPPIV as a serine protease

Almost all biochemical reactions in biological sysis are catalyzed by enzymes. These are capable
of increasing the reaction speed td 10’° times faster compared to non-catalyzed reactiohs. T
catalytic activity of many enzymes can be reguldigdnany different factors. DPPIV as a model
example of a biological enzyme is involved in masigchemical reactions. DPPIV is highly
specific to a broad range of substrates as wethasreaction in question. As an exopeptidase,
DPPIV selectively cleaves dipeptides from the Nwi@us of specific peptides with a proline or
alanine in the penultimate position, thereby maddytheir functions (Callahaet al., 1972; Kenny

et al., 1976). Although a wide range of polypeptides wite sequence Xaa-Proare substrates of
DPPIV, it must be noted that not all polypeptideshvihis sequence are substrates for DPPIV.
Examples of such exceptions are intact Interleikiand G-CSF (Hoffmanet al., 1993). The
peptide-length plays a great role in the selegtiat substrates by DPPIV. Peptides up to 80
residues in length fall in the range of substréte<DPPIV, whereas such peptides longer than 80
residues are unlikely to be proteolytically proeesby DPPIV (Nauschkt al., 1990). Furthermore,
the rate of DPPIV catalyzed proteolysis is invers@lated to the chain length of the substrate
(Lambeiret al., 2001). The crystal structure of DPPIV revealed twpenings leading to the active
centre (referenced under section 1.2.2). A closaesideration of the side openings revealed that the
B-propeller domain defines a funnel shaped, solfi#att tunnel that extends from the lower face
of the3-propeller to the active site. The nature of thgsenings seems to determine the length and
nature of substrates that can reach the active eiq@laining the high selectivity of DPPIV to
substrates with a maximum of 80 residues of legértgeertset al., 2004).
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Evolutionally, the possession of proline residuesvigles unique structural properties to peptide
chains because it is the only cyclic amino acidoktaffects the susceptibility/resistance of peptide
bonds to cleavage (Yaron & Naider, 1993; Vanheoél., 1995). This unique proline residue
serves as a regulatory element in proteolytic msiog and is quite conserved in a wide range of
biologically active peptides. The ability of DPP&nhd other molecules of the DPP gene family to
cleave such peptides make them important modulatobsological processes. With effect to this,
natural substrates of DPPIV include Neuropeptitheptide hormones, cytokines and chemokines
(Yaron & Naider, 1993; De Meestetral., 1999; Mentlein, 1999; Lambest al., 2003). A long list

of possible substrates of DPPIV has been put tegetiased on the sequence of peptides as well as
bothin vitro andin vivo catalytic assays. However, in accordance witkivo- catalysis not all of
the substrates can be considered physiologic substof DPPIV. The peptide hormones glucose
dependent insulinotropic polypeptide (GIP), glugatjke peptide 1 and 2 (GLP1 and GLP-2) and
peptide-histidine-methionine (PHM) (Mentleghal., 1993; Lambeiet al., 2002), growth hormone
releasing hormone (GRH) (Frohmeinal., 1989; Bongerst al., 1992), and enterostatin (Bourts
al., 1995) are physiological substrates of DPPIV. @ifel GLP1 are the most important insulin-
stimulating hormones (Efendic & Portwood, 2004)otlB peptides are released from the
gastrointestinal tract in response to ingestiorcarbbohydrate rich meals and stimulate glucose-
dependent insulin secretion from the pancreaseltyeregulating the overall glucose homeostasis.
The actions of GIP and GLP1 depend on glucose atrat®n in serum, and their function ceases
when serum glucose level is less than 55 mg/dL ¢keruet al., 1987). Cleavage by DPPIV
inactivates GIP and GLP1 and abolishes their instidopic activity. Patients with diabetes mellitus
type-2 exhibit an attenuated insulinotropic actadrGIP but not GLP1 and a significant reduction
in meal-stimulated levels of GLP1 (Nauetkal., 1993; Toft-Nielseret al., 2001).

Further peptides involved in neurological and psyosbdulatory processes such as Peptide YY and
Neuropeptide Y (Mentleinet al., 1993), Substance P (Heymann & Mentlein, 1978k a
Endomorphin 2 (Shanet al., 1999) are physiologic substrates of DPPWhereas cleavage of
GLP1 by DPPIV causes inactivation, cleavage of R¥gYyields thelong C-terminal fragment
PYY3_35 with modified PYY receptor specificity (Grandt al., 1993). Specifically, cleavage by
DPPIV converts the non-subtype-selective agoRMY ;.3 into a selective agonist P¥Y¥s at Y2
and Y5 receptor@Michel et al., 1998). Substance P is a short substrate that,sbgpwise release of
Arg-Pro and Lys-Pro, is cleaved into the activetapeptide substance 2 which modulates T cell
function (Covast al., 1997).

Peptides involved in signal transduction and immiurections also make up a subset of natural
occurring substrates for DPPIV. These include cHenas such as regulated on activation, normal

T cell expressed and secreted, (RANTES)yaveczet al., 1997), stromal cell-derived factor 1
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(SDF-10) (Proostet al., 1998; Shioda&t al., 1998), macrophage-derived chemokine (MDC), (Struy
et al.,, 1998), LD78 (Proostet al., 2000), macrophage inflammatory protefh-{MIP-1p),
monocyte chemotactic protein-2 (MCP-2) and intenfieinducible protein-10 (IP-10) amongst
others (De Meesteet al., 1999; Lambeiret al., 2001). Whereas cleavage of the chemokines
Eotaxin, MDC and SDF+l by DPPIV lead to their inactivation, cleavage GANRTES by DPPIV
leads to receptor selectivity, whereby the signgllthrough CCR1 and CCR3 are reduced and
binding to CCRS5 is improved thereby contributingtgoanti-HIV activity.

Due to the possession of a proline or alanine enstiicond position of their amino termini, many
peptides can be considered substrates of DPPIV.eflmless, most of them such as the
interleukins IL-Tn, IL-1B, IL-2, IL-6, the tumor necrosis factors TNE-TNF{3 and the chemokines
CXCL2, CCL2 and CCL7 and G-CSF are not hydrolyze®PPIVin vivo (Hoffmannet al., 1993;
Oraveczet al., 1997). InTable 1.1a summary of the physiologic substrates of DPPdgeld orn

vitro andin vivo proteolysis by DPPIV is presented.

Table 1.1: Natural Peptides with known physiologichactivity that serve as substrates of DPPIV

Substrate  families and| Peptide | Catalytic Biological effect Species (in vitro/in vivo)
Peptides length efficiency (M
! Sech
Incretins and gastrointestinal hormones
GLP1 30 0.43x 10 Inactivation Human (in vivo)
Possible Dog (in vivo)
cardiovascular role
of the product
GLP-2 34 Inactivation Human (in vivo)
GIP 42 0.22x 10 Inactivation Human (in vivo)
GRH (1-44) 44 2.0 x 10 Inactivation
GRH (1-29) 29 2.0 x 10 Inactivation Human (in vitro)
PHM 27 0.19x 10 Inactivation Human (in vitro)
GRP 27 Not known Human (in vitro)
Product in dogs
Peptide YY 36 Change in receptorHuman (in vivo), Rat (in
preference Vvivo, vasoactive action)
Vasoactive peptides
VIP 28 Inactivation Human (in vitro)
BNP? 32 Change in receptorHuman (in vitro)
preference Product in dogs
or Inactivation
Neuropeptides
NPY® 36 12.0x 10 Change in receptgr Human (in vivo, indirectly)
preference Rat (in vivo)
[3-casomorphin 7 3.1x10 Inactivation Human (in vivo, indirectly)
Rat (in vivo)
Endomorphin-2 4 Change in recepioRat (in vivo)
preference Mouse (in vivo)
Substance P 11 0.91x10 Inactivation Rat (in vivo)
Pig (in vivo)
Human (in vitro)
Chemokines
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CCL3 (MIP-1a, LD78) 70 0.003+ 0.002 X Enhanced activity Human (in vivo, indirectly)
10° Change in receptor

preference

CCL4 (MIP-1B) 69 Change in receptorHuman (in vivo, indirectly)
preference

CCL5 (RANTES) 68 0.04 +£0.01 x 10| Change in receptdr Human (in vitro, indirectly)
preference

CCL11 (Eotaxin) 74 0.08+ 0.01 x40 | Inactivation Human (in vitro), Rat (in

Vivo)

CCL22 (MDC) 69 4+ 1 x 10 Change in receptagr Human (in vitro)
preference

MDC67 67 0.5+0.1x 10 Change in receptgr Human (in vitro)
preference

CXCL6 (GCP-2) 73 No changes Human (in vitro)

CXCL9 (MIG) 125 Low Inactivation Human (in vifyo

CXCL10 (IP-10) 77 0.5+1x fo Inactivation, CXCR3 Human (in vivo, indirectly)
antagonist

CXCL11 (I-TAC) 73 Inactivation, CXCR3 Human (in vivo, indirectly)
antagonist

CXCL12 (SDF-hn) 68 5+2x 16 Inactivation, CXCR4 Human (in vivo)
antagonist

The information contained in this table is modifiedaccording to Mentleinet al., 1993, Mentlein, 1999.
De Meesteret al., 1999; Hildebrandt et al., 2000; Boonacker and Van Noorden 2002.

Biological effect in italics refers to hypothes&pecies (in vivo/in vitro) refers to: In vivo, tlexistence of
studies in humans or other species with inhibiewswvell as the existence of the product and wedlakm
biological effects of peptidesndirectly refers to the lack of in vivo studies with inhibio® Peptides belong
also to the neuropeptide groub,Peptides belong also to the vasoactive groMgbreviations: VIP,
vasoactive intestinal polypeptid8NP, brain natriuretic peptidé€>CP-2, granulocyte chemotactic protein 2;
MCP, monocyte chemotactic protei@iP, glucose-dependent insulinotropic polypepti@&P1, glucagon-
like peptide 1;GRF, growth hormone-releasing fact@&RH, growth hormone-releasing hormone; 10,
interferon-inducible protein 10DC, macrophage-derived chemokifdiM, peptide histidine methionine;
SDF-1, stromal cell-derived factor IRANTES, regulated on activation normal T cell expressed a

secretedMIP , macrophage inflammatory protelBRP, gastrin-releasing peptide.

1.2.3.2 DPPIV in the immune system

Repeated evidence associate DPPIV with the funatfon cells (Morimoto & Schlossman, 1998;
Augustynset al., 1999). DPPIV is highly expressed on activatedaied B-lymphocytes and at
lower concentrations on macrophages as well. Apprately 56% of activated CD4and 35% of
CD8'-T-lymphocytes express the enzyme, respectivelyx @al., 1984), whereas resting T cells
show very low expression (Schast al., 1986; Danget al., 1990). A detailed analysis of
lymphocytes revealed that only the T-Helper subjaipn expressing CD4, CD45R0O and CD29
also express DPPIV (that is CIBD45ROCD29" cells) (Morimoto & Schlossman, 1998). The
high expression of DPPIV on particular T cell subs#nd its association as well as binding with
further important molecules of the immune systerohsas CD45, ADA and components of the
extra-cellular-matrix (ECM), reveal the co-stimaigt role of DPPIV in T cell activation.



Introduction | 11

Furthermore, the proteolytic processing of sevelamokines makes DPPIV a regulator of

chemokine function.

1.2.3.2.1 DPPIV as a co-stimulator in T cell activation

The stimulation of the CD3/T cell receptor (TCR)mguex by specific peptide-MHC contacts
provide one signal and play a central role in T aetivation and function. However, this alone is
not sufficient to fully induce the activation of dells. A second signal often provided by co-
stimulatory surface molecules such as CD28 and DWiihdispensable.

The primary structure of DPPIV reveals a very slegtbplasmic region consisting of only 6 amino-
acid residues. Therefore, signal transduction fancof DPPIV by this cytoplasmic tail seems
unlikely. It is evident that DPPIV interacts withD@5, a protein tyrosine phosphatase and
adenosine deaminase (De Meesteal., 1994; Donget al., 1997), which are involved in signal
transduction processes associated with T cell @obw. It has been established that T cell
activation involves lipid rafts. DPPIV engagemerdrpotes aggregation of lipid rafts and facilitates
co-localization of CD45 to TCR and its signallingolecules p56¢ and ZAP-70, thereby
enhancing protein tyrosine-phosphorylation of vasicsignalling molecules (Ishat al., 2001).
Recently the signalling, caveolae structural protéaveolin-1, (Cav-1) was identified as the ligand
of DPPIV in T cell signalling (Ohnumat al., 2004). Precisely, the interaction of CD26 with
caveolin-1 on antigen-loaded monocytes resulte€D86 up-regulation, thereby enhancing the
subsequent interaction of CD86 and CD28 on T cehss inducing antigen-specific T cell
proliferation and activation (Ohnumet al., 2007). The cytoplasmic tail of DPPIV seems to be
involved in this signalling in T cells, through amteraction with CARMAL. Ligation of Cavl
recruits a complex of DPPIV, CARMAL, Bcl-10 and IRKo lipid rafts.

It was established earlier, that only CDéells that express DPPIV are able to provide helpe
functions in the activation of cytotoxic T cellsgbget al., 1990) and induction of immunoglobulin
synthesis by B-cells (Grubet al., 1988). Furthermore, anti-CD26 monoclonal antibediave co-
stimulatory activities in anti-CD3-driven activatioof purified T cell subsets (De Meestral.,
1995; Hegenet al., 1997; von Boninet al., 1998). Cross-linking of CD26 by antibody causes
tyrosine-phosphorylation of several intracellulaotgins involved in TCR/CD3-mediated signal
transduction, including the tyrosine kinase '§5659"", ZAP-70, mitogen-activated protein kinase
(MAPK), c-Cb1 and phospholipase (Hegenet al., 1997). Effective CD26 signalling on the other
hand depends on the surface expression of the TBR&OmMplex (Fleischer, 1994). Whether the
enzymatic activity of DPPIV is important in its fotion in T cell activation still remains to be
clarified. Whereas one research work demonstrated a high& pkeduction in Jurkat cells

expressing wild type CD26 than in those expressimgymatically inactive mutants upon CD26-
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mediated co-stimulation (Morimoto & Schlossman989 another work demonstrated by using a
mouse TCRT cell hybridoma, that DPPIV enzyme activity is metjuired for its co-stimulatory
function (von Boniret al., 1998). Furthermore, inhibiting the enzyme acyiat DPPIV by specific
inhibitors suppress T cell proliferation in vitr&€inholdet al., 1993) and leads to a decrease in
antibody production in mice immunized with bovirexiam albumin (Kubotat al., 1992). Several
other studies demonstrate alterations in variogsading pathways upon use of DPPIV inhibitors
(Arndt et al., 2000; Vetteret al., 2000). The inhibition of the enzymatic activity DPPIV also
abrogates acute rejection, resulting in prolongémyieaft survival in a rat cardiac transplantation
model (Koromet al., 1997). Using a series of related competitivebitbrs in pokeweed mitogen
stimulated T cells, significant suppression of IL{R-10, IL-12 and IFNy production and an
increase of TGK (transforming growth factor-beta) were demonsttdieinholdet al., 1997).

Taken together, the co-stimulatory role of DPPIVTigell activation is quite evident, yet the exact
role of its enzymatic activity in T cell activatiois still unclear. Nevertheless, a discrepancy
between these researches maybe just a result afitbesity of DPPIV action under healthy and
diseased conditions. The injection of the DPPIV ibithr Ala-boroPro and Pro-boroPro
significantly reduced antibody production in BSAmunized mice (Kubotat al., 1992), and the
inhibitors TMC-2a und TSL-225 showed anti-inflamorgteffects on an arthritis-model (Tanadta
al., 1997).

These results suggest that the enzymatic activitpBPIV might contribute to, but is not a
prerequisite for signal transduction or T cell aation.

1.2.3.2.2 DPPIV as a regulator of chemokine function

Haematopoiesis is the process by which pluripdtematopoietic stem cells differentiate and move
from the bone marrow to become mature cell compisneh blood. This is a tightly regulated
process which on a large part is controlled byradtgons between specific cytokines/chemokines
(produced and released from accessory cells),dreceptors which are found on hematopoietic
stem (HSC) and -progenitor cells (HPC) as well aesasory cells (Broxmeyer & Carow, 1993).
These ligand- receptamteractions trigger intracellular signalling effechat mediate proliferation,
self-renewal, survival, andhigration of HSC and HPC. Although single cytokireschemokines
can influence functions of HSC amtPC, combinations of cytokines are likely more uefhtial in
enhancing or suppressing them.

Chemotactic cytokines, (chemokines) constitutecurof secreted bioactive peptides (8—-10 kDa)
which are expressed constitutively (homeostaticnadienes) and also in an inducible manner
(inflammatory chemokines) (Cyster, 1999; Cys#eal., 1999). Their main functions are to attract

leukocytes to sites of infection and inflammatiord do contribute to the homeostatic circulation of
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leukocytes through tissue (Luster, 1998). They dimwe the capacity to directly activate
leukocytes, e.g., to release granular contentspanduce cytokines. Recruitment and activation of
leukocytes are important for elimination of micrebéncluding viruses, from infected areas. All
chemokines except lymphotactin possess two disulbddges and the super family has been
divided into several subfamilies, depending onditmal, functional and genetic differences. For
example the classes CC, CXC and CX3C, are clagsifgpending upon the separation between the
first two cysteine residuegBaggiolini, 2001). While the subfamily of CXC chehkines
predominantly target neutrophils and also lymphesyto a lesser degree, the CC chemokines
mainly attract monocytes, but also lymphocytes,ophis, eosinophils, dendritic cells and NK
cells. The N-terminal domain of chemokines togethigh an exposed loop between their second
and third cysteine, is involved in receptor bindifyoteolytic cleavage by DPPIV removes a
dipeptide from the N-terminus and either activatesnactivates the chemokines. This leads to
important alterations in chemokine activities aedeaptor specificity, thereby contributing to the
regulation of target cells and consequently toffedintial cell recruitment (Orave&t al., 1997).

The chemokines, CCL3 (macrophage inflammatory preteisoform LD7§), MIP1, RANTES,
eotaxin, MDC, CXCL9 (MIG: monokine induced by IR)- IP-10, CXCL11 (I-TAC: IFN-
inducible T cell chemo attractant) and SDkahd B are natural substrates of DPPIV (see details
under 1.2.3.1). Amongst them, LD78, RANTES, CCLMDC and SDF1 exhibit altered
chemotactic activities following DPPIV-mediated rioation, whereas neither CXCL6 nor IP-10
exhibit any alterations in chemotactic function. dduble truncation of macrophage-derived
chemokine (MDC) was observed (Proestal., 1999). MDC loses not only Glyl-Pro2 but also
Tyr3-Gly4, suggesting that the substrate specgfficit DPPIV might be less restricted than is
generally accepted. Compared with the intact chemeokMDGs g9 has a reduced chemotactic
activity for lymphocytes and monocyte-derived détnzcells, but remains as chemotactic as intact
MDC;_go for monocytes.

SDF-In is an unusual chemokine with only 20-25% sequeadeatity to the CXC- and CC-
chemokine family members (Crumg al., 1997). SDF-& has chemo-attractant activity for
lymphocytes and monocytes, plays an important mol&afficking, export and homing of bone
marrow cells, inhibits infection by T-tropic strairof HIV-1, and is involved in the spread of
leukaemia to multiple marrow sites and in regultmetastasis of a number of solid tumours,
including sarcomas and prostate can@elarez & Bendall, 2004; Kuci al., 2004). Following
proteolytic processing by DPPIV, SD-becomes inactive and loses its binding and sigwall
activity at the CXCR4 receptor. This enhances imdecof T cells by T-tropic viral strains which
use CXCR4 as co-receptor. However, processed SRkslcan still desensitize SDFal ¢
induced C&' responses through CXCRA4.
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RANTES, a CC chemokine with chemo-attractant a#isi for monocytes, macrophages and
eosinophils becomes active following cleavage by The processed RANTESs has a more
than ten times lower chemotactic potency for mortexyand eosinophils and impaired binding and
signalling properties through CCR1 and CCR3, bataias fully active on CCR5, which serves as
co-receptor for M-tropic viruses. Thus, truncat@hRANTES by DPPIV regulates its receptor
selectivity (Oravecazt al., 1997; Proostt al., 1998) and inhibits the infection of macrophagegs b
M-tropic viral strains.

Another CC chemokine, eotaxin, attracts eosinoptulsites of parasitic infection and allergic
inflammation. Its chemotactic potency for bloodiaophils and signalling capacity through CCR3
are reduced 30 times upon truncation by DPPIV (&&ual., 1999).

Taken together the signalling effects of DPPIV-gs8ed chemokines are poorly studied and
deserve a lot of attention. Notwithstanding, thgorés available show that truncation by CD26/DPP
IV often has drastic effects on the biological wtyi of individual chemokines and confirm the
importance of their N-terminal residues for receptctivation and also expose the potential role of

DPPIV in the modulation of T cell and monocyte axttgation and migratiam vivo.

1.2.4 DPPIV interaction and binding partners

Besides its enzymatic activity the signalling aityivof DPPIV seem to be more dependent on its
association with other proteins of the host celiswaell as proteins of many pathogens such as
microbes and viruses. Through these interactiodsoarding, DPPIV is involved in a wide range of
biologically relevant processes in the host orgasisits association with adenosine deaminase,
CD45, caveolin-1 and CARMA-1 is involved in theigation of T cells, whereas its association
with fibronectin, collagen, plasminogen-2 and ma@ibinding protein may play roles in cancer

biology.

1.2.4.1 Adenosine deaminase (ADA)

Adenosine deaminase (ADA, EC. 3.5.4.4) is a cyiosazyme also found on the cell surface. In
peripheral nucleated blood cells for example, ABAfaund as an ectoenzyme in the majority of
monocytes and B cells and in some T cells (Asiaa., 1991). The main role for ecto-ADA is the
degradation of extracellular adenosine and 2" -dadegyosine which are toxic to lymphocytes, to
inosine and 2’-deoxyinosine (Doray al., 1996). Through this degradation the concentratibn
extracellular adenosine is tightly regulated. Héesy ADA-deficiency in human causes
impairment of T and B cell function which leadssevere combined immune-deficiency disease
(SCID) (Magnuson & Perryman, 1986; Blaesteal., 1995). The presence of ADA on the cell

surface is facilitated by its direct binding tolcglrface proteins such as DPPIV andadlenosine
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receptors (AR) (Francoet al., 1998). A direct association of ADA with DPPIV wdsmonstrated,
which revealed that DPPIV is identical to ADA-bindiprotein (Kameokat al., 1993). This co-
association only occurs on the cell surface (Deing., 1997), and is found in human, cattle and
rabbits, but not in rats and mice (Goretlal., 2001).

The crystal structure of DPPIV in complex with AD@vealed that eadbpropeller domain of the
DPPIV dimer binds one ADA, and two hydrophobic leguotruding from th@-propeller domain

of DPPIV interact with two hydrophilic and heavithargeda-helices of ADA at the binding
interface (see Figure 1.2). Furthermore, four ghjdes linked to Asn229 of DPPIV bind to ADA
(Weihofenet al., 2004).The tetramer formation observed in the crystalcstme of porcine-DPPIV
was suggested to mediate epithelial and lymphocgtecell adhesion. ADA binding to DPPIV
probably regulates this adhesion, since it wouldliab tetramerization (Enget al., 2003).

Through its binding to cell surface DPPIV, ADA ught to have a co-stimulatory effect in TCR-
mediated T cell activation, which results in anr@ased proliferation and IL-2 production in Jurkat
cells upon stimulation. In the presence of extlat@ adenosine, transfectants with binding site
mutated DPPIV are much more sensitive to the itdipieffect of adenosine and produce less IL-2
than transfectants with wild type DPPIV. Furthermosimilar amounts of IL-2 production are
found in the absence of extracellular adenosirteamsfectants with mutated and wild type DPPIV.
Moreover, adenosine is known to induce DNA-fragragah in T cells and selectively deplete the
CD4'CD8" double-positive immature thymocytes subpopulatiopressing a higher level of CD3
TCR (Szondy, 1994). This suggests that the CD26-Addmplex may be involved in thymus
differentiation and maturation and prevention obgtpsis (Morimoto & Schlossman, 1998).
However, ADA from a healthy adult who expressedyatie enzyme with a R142Q mutation
showed markedly reduced binding to CD26 (Santistebal., 1995), suggesting that like in mice,
binding of ADA to CD26 is not essential for immufugction in humans since it is compensable by
other unknown pathways.

1.2.4.2 Collagen and Fibronectin

Collagen and fibronectin are components of theageifular matrix. Due to the ability of DPPIV to
bind via the cysteine-rich region to collagen (levst al., 1995) and fibronectin, (Hanskt al.,
1985; Piazzeaet al., 1989), DPPIV probably plays a role in cell adbasidifferentiation and
migration. Consistent with this, anti-DPPIV specifintibodies inhibit hepatocyte spreading on
native collagen (Hanslet al., 1988). It was established that various collaggres have varying
affinities to DPPIV. Whereas collagen | and Ill bathe strongest binding ability, collagen I, 1V
and V have only weak binding affinities and collagél binds DPPIV with the lowest affinity
(Losteret al., 1995). The strong binding of DPPIV to collageis mediated by thel (i)-chain of
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collagen I. Binding of collagen to DPPIV is indepgent of the enzyme activity of DPPIV. This is
evident in the fact that neither substrates noibitdrs of DPPIV can affect the binding of soluble
DPPIV to collagen | in vitro (Hanslet al., 1985; Hansket al., 1988). However, the regulation of
collagen metabolism seems to be partly mediate@RiyIV enzyme activity. As a result, the use of
DPPIV specific inhibitors in rats led to the accdatwn of amyloid peptides of collagen origin
(Jostet al., 2009).

A direct interaction of rat-DPPIV with fibronectiwas reported and the clinical relevance of this
interaction in lung capillaries of breast cancetiggas was postulated (Chermt al., 1998). In
support of this, administration of soluble DPPN\sukted to about 80% decrease in adhesion of
metastatic breast-cancer cells on lung endoth@f®1V in rats. Binding of DPPIV to fibronectin is
mediated by the consensus sequence T (I/L)TGLX@E(RWV)X (Chenget al., 2003).

Taken together the interaction of DPPIV to fibrameenakes DPPIV a cell-adhesion protein for
circulating metastasing tumor cells (Chesigl., 2003; Kajiyamaet al., 2003).

1.2.4.3 Plasminogen type-2

Following injury of a tissue, coagulation takesgaleas one of the steps involved in repairs. The
thrombus (clot) is rich in fibrin which needs to tEmoved once haemostasis is restored and the
tissue repaired. The removal of the clot is achdeby the fibrinolytic pathway. Fibrinolysis
involves the lyses of fibrin by the enzyme plasniffasmin is able to degrade fibronectin, laminin,
vitronectin and proteoglycans and activate latelagenases (Danet al., 1985). Furthermore,
plasmin mediates the increased availability ofvactiasic fibroblast growth factor (bFGF), as a
result of extracellular matrix (ECM) degradationdadirectly activates the latent transforming
growth factorp (TGF) (Rifkin et al., 1997; Rifkinet al., 1999).

Plasmin is converted from its inactive form, plasagen by plasminogen activators through the so
called plasminogen activation system. The plasnenagctivation system is an enzymatic cascade
involved in the control of fibrin degradation andmatrix turnover and cell invasion. For example,
the development of an aggressive phenotype, conyramsiociated with the invasive behaviour of
many tumours, involves the increased expressi@npymes such as urinary plasminogen activator
(uPA), tissue plasminogen activator (tPA) and aetarof matrix-degrading metalloproteinases
(MMPs), such as MMP-2 and MMP-9 (DeClerck & Lat§96), that can digest components of the
ECM, thus permitting passage of malignant cellsugh basement membranes and stromal barriers
(Nagasest al., 1996). Plasminogen activation is catalyzed bydadier mentioned enzymes uPA
and tPA. Whereas uPA is regarded as the critiaggbdr for plasmin generation during cell
migration and invasion under physiological and phtyical conditions (e.g. cancer metastasis),

tPA plays an important role in the control of imaacular fibrin degradation. The regulation of both
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enzymes is tightly time- and space dependent (Mazei al., 1997; Ramos-DeSimonet al.,
1999).

Human-plasminogen is @91 amino acid long, inactive zymogene which canabgvated to
plasmin by a single proteolytic cleavage of the F&@Val562 peptide bondRlasminogen type-2
(Pg2) has six glycoforms that vary in the sialicddamontents (Pirie-Shepher al., 1995) which
control their activation and regulate their funatitDavidson & Castellino, 1993; Most al.,
1995).

DPPIV has been demonstrated as one of the membeasptors for Pg2 in the highly invasive
human prostate tumour cell line 1-LN. Similar tosebtvations in human rheumatoid synovial
fibroblasts, binding of Pg2 to DPPIV and uPA indiica significant rise in the cytosolic
concentration of free G& (Gonzalez-Gronovet al., 1993), which resulted in the expression of
matrix metalloproteinases and enhanced invasiveofe®e cells (Gonzalez-Gronog al., 1994).
Amongst the six glycoforms of Pg2, DPPIV binds otdythe highly sialylated glycoforms Pg2
Pg2d and Pg2 (Gonzalez-Gronowet al., 2001). This binding was inhibited by increasing
concentrations of L-lactose, suggesting the impaogaof sialic acid components of Pg2 in the
mediation of its binding to DPPIV. Both DPPIV andA associate with Pg2 in a complex that
enhances Pg2 activation (Gonzalez-Grombal., 2004). Furthermore, it has been demonstrated in
the cell line 1-LN that DPPIV in association witlgZe alone can regulate the expression of pro-
matrix-degrading metalloproteinase 9 (proMMP-9) ri@&alez-Gronowet al., 2001). Taken
together, these findings strengthen the role of INR® cell migration of metastasing cancer cells,
as was earlier postulated (Cheetgal., 2003; Kajiyamaet al., 2003). This process is likely co-
regulated by DPPIV and Fabsince they play opposing roles in plasminogen atitw. Whereas
the DPPIV-plasminogen binding mediates plasminogetivation, Fali associates with and
converts the PA-inhibitor, a2-antiplasmin into armactive form which inhibits fibrinolysis and
cell migration (Leest al., 2004).

Plasmin
* Degrades
Fibrinolysis Collagen typelV

Fibronectin
Laminin
Proteoglycan
Activates
MMPs

Extracellular space 1
Cytosol Enhanced ECM degradation

|

Clot/ Scar Resolution

Figure 1.3: Model of the role of DPPIV in fibrinolysis
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As a result of binding of DPPIV and ADA to plasmgem 2 in a complex involving the plasminogen
receptor annexin 2 (AnxA2) and the plasminogenvatirs uPA and tPA (tissue plasminogen activator),

plasminogen-2 (Pg2) activation to plasmin increashs figure was modified according to (Gorrell 02D

1.2.4.4Kidney Na'/H" ion exchanger 3 (NHE3)

Reabsorption of water and filtration of sodium c¢lde (NaCl) and sodium bicarbonate (NaH{O
in the kidney are indispensable processes for coalmination of waste products via excretion.
The majority of NaCl, NaHC®and water filtered by the kidney is reabsorbedhi& proximal
tubule. Absorption of Naand secretion of Hacross the apical membrane of proximal tubulescell
occurs predominantly by Nad™ exchange (Alpern, 1990). It has been demonstrapdatedly,
that NHE3 is the NaH" exchanger isoform responsible for most, if not aflical membrania’’-

H* exchange activity in the proximal tubule of thgohen (Biemesderfest al., 1993; Amemiyaet

al., 1995; Schultheist al., 1998; Wanget al., 1999). The NHE3 isoform, whose activity is
regulated imesponse to a wide variety of acute and chronisiplggic stimuli, plays an important
role in the maintenance tfid and electrolyte balance (Paillard, 1997; Weamet al., 2000). The
expression and regulation of transporters such ldE3Noften involves interactions with other
proteins.Several studies in non-epithelial cells transfedtedover expresf\HE3 revealed the
interaction and binding of NHE3 to numerous pratesuch agalmodulin (Wakabayasket al.,
1995), the NHE regulatory factor (NHERF) (Weinngral., 2000) and its homologue, exchanger-
3-kinase-A regulatory protein (Yuat al., 2002) and the calcineurBihomologous protein (Paret
al., 2002).

In a study with microvillus membranes isolated froabit renal cortex, Girardi and colleagues
demonstrated the association of DPPIV with the NHE8 showed evidence for the primary
location of the NHE3-DPPIV complex in the microailmicro domain of the kidney brush border
(Girardiet al., 2004). From these findings they suggested tleastinface expression and activity of
NHE3 may be affected by DPPIV. However, the rolayptd by the NHE3-DPPIV association

remains unclear.

1.2.4.5The C-X-C Chemokine Receptor 4 (CXCR4)

CXCR4 is a 42-kDa seven-transmembrane (7-TBViprotein-coupled receptor. It serves the only
receptor for SDF-d (Bleul et al., 1996). The disruption of thexcr4 gene led to hematopoietic,
cardiovascular and cerebellar defects as well abrymic lethality (Nagasawat al., 1996).
Almost identical phenotypes are associated withdiseuption of thesdfla gene suggesting that
CXCRA4 is the only receptor for SDé&1
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In addition to its main role as a chemokine rece@@XCR4 is one of the principal co-receptors for
the infection of human cells by T-tropic HIV strai(Fenget al., 1996; Doranzt al., 1999).

Binding of SDF-k to CXCR4 induces chemotaxis and anti-viral agtiwit Th2 cells but not Thl
subsets, and mediates migration and activatioreolkdcytes during immune and inflammatory
responses (Baggiolini, 1998). Long periods of treait with SDF-&1 lead to a homogeneous
distribution of CXCR4 underneath the plasma memdyrand a clustered localization of DPPIV in
intracellular vesicles. Interestingly, internalioat of CXCR4 and DPPIV require phosphorylation
of serine residues (Orsingt al., 2000) and glycosylated residues (lkushiraal., 2000)
respectively.

DPPIV associated directly and was co-internalizétd ®XCR4 in the T cell line Jurkat J32 and the
B-cell line SKW6.4 (Herrerat al., 2001). These results suggest that CXCR4 and DPPIV may
function together. However, spontaneous, liganeetdent internalization of CXCR4 has been
reported (Tarasovet al., 1998), and the internalization of defective CXCRds hampered upon
binding by SDF-&, but did not affect the SDFatmediated internalization of DPPIV in same cells.
This indicates that the internalization routes @XCR4 and DPPIV are different. As mentioned
earlier, cleavage of SDFalby DPPIV leads to its inactivation and abolisihesinding to CXCRA4,
which results to the exposure of cells to infectlmn X4 HIV variants. Taken together, the co-
association of DPPIV and the regulation of SDFfinction by DPPIV suggest that the CXCR4-
DPPIV complex is part of a functional unit whichretitty modulates SDFtinduced chemotaxis
and antiviral activity of lymphocytes. Thus, themanipulation by viral particles strengthens their

joint role in the infection of humans by HIV.

1.2.4.6 CD45

The leukocyte common antigen, CD45 is a transmenebrglycoprotein expressed on most
hematopoietic cells including all stages of B lyrapytes from pro-B to plasma cells (Charbonneau
& Tonks, 1992). CD45 is involved in the regulatiohsrc-family kinases. Dephosphorylation of
the carboxyl-terminal tyrosine residue of src-famgrotein-tyrosine kinases (PTKs) by CD45
PTPase (protein-tyrosine phosphatase) is the tilggenechanism of their activation (Mustekh
al., 1989; Ostergaarat al., 1989; Trowbridge & Thomas, 1994). Activated famiily PTKs
mediate the downstream signals of several extidaelstimuli, such as growth factors, cytokines
and antigen stimulation, leading to diversificatemd amplification of the initial signals (Corey &
Anderson, 1999).

Due to its PTPase activity, CD45 is required far tlevelopment and activation of T lymphocytes
(Cahir McFarlandet al., 1993) and also for the tolerance induction aritvaiton of B lymphocytes

via antigen receptors (Justement, 2001). IntergistiC D45 can regulate both positive and negative
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cellular signals. For example, it positively regakaT cell activation through the dephosphorylation
of the negative regulatory C-terminal tyrosine-gitamylation sites of the src-kinase molecules
p56% and p59" (Weil & Veillette, 1996; Seavitet al., 1999). As a negative regulator, CD45
dephosphorylates components of the TCR complexvgBeg& Veillette, 1997; D'Oro & Ashwell,
1999) and inhibits the function of integrins (Ro&thl., 1997; Shenodt al., 1999).

Co-association of CD45 with DPPIV was demonstrdfeatimoto et al., 1991). The interaction of
DPPIV and CD45 promotes aggregation of lipid raft&l facilitates co-localization of CD45 to
TCR and its signalling molecules p%6and ZAP-70 (Zeta associated protein tyrosine ldnafs
70,000 Da Mw), thereby enhancing protein tyrosihegphorylation of various signalling
molecules which mediate cell proliferation (Ishiial., 2001). The association and recruitment of
CD45 by DPPIV explains the role of DPPIV in sigimal pathways which induce phosphorylation
although DPPIV does not possess kinase activity.

1.2.4.7 Mannose-6-phosphate / insulin-like growth factor I receptor

The mannose-6-phosphate/insulin-like growth fattoeceptor (M6P/IGF-IIR) is a multifunctional
transmembrane glycoprotein whose major functiotoibind and transport mannose-6-phosphate
(M6P)-bearing glycoproteins from the trans-Golgiwak to the surface of lysosomes (Scott &
Firth, 2004). The receptor gene is considered andidate » tumour suppressor gene. Loss of
function mutations in M6P/IGF-1IR gene could cobtrie to multi-step carcinogenesis (Hebert,
2006).

Binding of DPPIV to MG6P/IGFIIR through residues ots carbohydrate moiety has been
demonstrated, an interaction which seems relevantDPPIV mediated T cell activation and
migration (lkushimaet al., 2000; Ikushimaet al., 2002). The enhanced migration in endothelial
cells expressing M6P/IGFIIR was dependent on tlzgraatic activity of DPPIV. Although DPPIV
has no known motif for endocytosis, mannose-6-phospation of DPPIV increases upon T cell
activation, leading to increased binding to the MGFIIR which in turn results to internalization
of DPPIV. Treatment of DPPIV with glycosidase oopphatase completely abolished its binding
to M6P/IGFIIR, implying that both glycosylation amthosphorylation of DPPIV are required for
binding with M6P/IGFIIR (lkushimaet al., 2000). The CD26—-M6P/IGFIIR interaction and
internalization is mediated by M6P residues on EfPIV carbohydrate moiety and is likely a
recycling or regulation pathway for the oligosacaea chains on DPPIV. In hepatocytes and
intestinal epithelial cells, this recycling seenfdaction in the repair of the oligosaccharide olsai
attached to glycoproteins, or in the regulatioriesminal glycosylation e.g. in response to external
stimuli (Kreisel et al., 1993). Internalization and reprocessing is a erypof all molecules
associated with T cell activation such as the T@R¥@omplex, DPPIV (Hwangt al., 2000;
Hwang & Sprent, 2001; Dietrickt al., 2002; Menneet al., 2002). The DPPIV-M6P/IGFIIR
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interaction can therefore be considered a functiamat of the DPPIV-mediated, T cell co-

stimulation cascade involved in the regulation seewycling of DPPIV.

1.2.4.8 Mannose-binding protein (MBP)

The mannose-binding protein (MBP) also called marmading protein or mannan-binding lectin,
(MBL) is a C&*-dependent (C-type) serum lectin specific for maendN-acetylmannosamine, and
fucose residues (Kawasaki, 1999; Domneetal., 2006; Taylor & Drickamer, 2007). MBP is an
important serum component associated with innataumty (Superet al., 1989; Hoffmanret al.,
1999; Dommettet al., 2006). Through the lectin pathway (Malhoehal., 1994) it activates
complement system by binding to oligosaccharidends on the surface of microorganisms (lkeda
et al., 1987). The lectin-pathway represents a host defesystem, by which the host can
distinguish between host cells and microorganisrased on the nature of their cell surface
carbohydrates. Most mammalian cells possess congaixsurface oligosaccharides with sialic
acids at their non-reducing termini, which prevethis binding of MBP to the cells. Opposed to
mammalian cells many microorganisms have commayoséiccharide structures like mannose and
N-acetylmannosamine, (ManNAc) on their surfacescWwhare recognized and bound by MBP.
Interestingly, it was demonstrated that MBP birmlsdame human tumour cell lines, suggesting that
MBP also functions as a defence factor against mialocells produced in host animals (letaal .,
1999; Mutoet al., 2001). Typical MBP-oligosaccharides from aberreeit lines have the e e?
structure or tandem repeats of thé &eucture at their non-reducing termini (Teratlal., 2005).
Human-MBP is a homo-oligomer which is assemblechfeosingle polypeptide chain, consisting of
a short N-terminal cysteine-rich domain, a collajie@ domain comprising 19 repeating Gly-X-Y
triplets with an interruption at the 8 triplet, 4-Besidue hydrophobic stretch, and a C-terminal C-
type lectin domain. Three polypeptide chains formoanotrimeric structural unit, and functional
MBP normally consists of two to six structural snined by disulfide bonds at the N-termini. The
molecular mass of the resulting MBP ranges betvfi-1,300 kDa (Turner, 1996; Teilletal.,
2005).

Recently DPPIV was identified as one of the ligghgtoprotein for MBP in the human colorectal
carcinoma cell line SW1116 (Kawasakial., 2009). DPPIV is a highly glycosylated and siaigth
protein and as such not a good binding partnerM8P. Binding of MBP and DPPIV in the
colorectal tumour cell line SW1116 correlated wath altered glycosylation pattern of DPPIV in
these cells. Analysis of the glycosylation patteflDPPIV revealed highly fucosylated structures.
The DPPIV fraction that bound to MBP contained ctarfype glycans with more than four type 1
and 2 Ggl1-4GIcNAc units which are responsible for the MBRding. The exact role and

mechanism underlying the DPPIV-MBP binding is net known. However, the alteration of
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DPPIV expression, glycosylation and sialylationtg@at seen in other diseases such as HIV/AIDS
(Smithet al., 1998), suggests a role for DPPIV as a defencé&enaf abnormal cells produced in

host animals. Its recognition by MBP therefore maayrk the cells for destruction.

1.2.4.9 Caveolin-1

Caveolins are a family of proteins that are invdivie@ receptor independent endocytosis. In
vertebrates the caveolin gene family has three mesnicAV1, CAV2, and CAV3, coding for the
proteins caveolin-1, caveolin-2 and caveolin-3pessively. Caveolin-1, a 22 kDa protein, was the
first family member discovered, and is the strualt@omponent and marker for caveolae and trans-
Golgi derived transport vesicles (Glenney, 198%thRerget al., 1992). Caveolin-2 and Caveolin-3
were identified later, both showing structural dadctional similarities to caveolin-1 (Smagtal.,
1999).

Caveolin-1 is expressed in a wide variety of cgllets, amongst which terminally differentiated
cells such as endothelial cells, adipocytes, ahregbe 1 pneumocytes, macrophages, synoviocytes
and smooth muscle cells have especially high egfmes (Changt al., 1994; Schereet al., 1997;
Matveevet al., 1999; Frank & Lisanti, 2004). In the absenceca¥eolin-1, caveolin-2 becomes
degraded through the proteasomal pathway (Razahis&anti, 2001). Caveolin-3 is not dependent
on the other family members and is muscle-specKart from their structural function within
caveolae, caveolins have the capacity to bind shelel as well as a variety of proteins such as
receptors, src-like kinases, G-proteins, H-Ras, ratrec oxide synthases (NOS) (Feron & Kelly,
2001). It has been established that caveolin-huslved in the regulation of cellular cholesterol
homeostasis and promotes cellular cholesterobetfuanket al., 2001).

Caveolin-1, a major substrate for src in v-src $farmed cell lines is also a substrate for non-
receptor tyrosine kinases, including src (GlenneyZ&kas, 1989).When phosphorylated on Tyr-
14 (pY14-Cavl) it can inhibit src, through the retment of C-terminal src kinase- Csk; (Radel &
Rizzo, 2005).

Caveolin-1 also plays a role in cell motility via icontrol and polarization of signalling molecules
(Shaul & Anderson, 1998). This is supported by fhet that Caveolin-1 is linked to the
cytoskeleton through Filamin (Stahlhut & van De@800) and is associated with a certain subset
of integrins (Waryet al., 1998; Weiet al., 1999). However, other studies indicated that chwel
could be a negative regulator (Galbigtial., 2001). Recently, it was demonstrated that camebli

is required in fibroblasts for persistency of migra in the absence of an external chemotactic cue
and for directional migration in the presence okaternal stimulus, whereas it slightly slows down
the velocity of random migration (Grande-Garetial., 2007).
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Interestingly, caveolin-1 has been reported toragewith or bind to several cellular molecules
especially protein and receptors associated wgid Irafts. Amongst these proteins, DPPIV co-
localizes and binds to Caveolin-1 on antigen priésgncells (APC) (Ohnumaet al., 2004).
Residues 201-211 of CD26 along with the catalyte Ser-630 are responsible for the binding to
the caveolin-1 scaffolding domain. This region iIDZ6 contains the typical caveolin-binding
domain (CBD) (t)XwXXXXwXXw; wand X depict aromatic residue and any amino acid,
respectively), specifically WY EEEVFSAY in CD26 (Couett al., 1997). Recently Ohnuns al.
reported that caveolin-1 in association with CARMAdggers T cell activation via DPPIV
(Ohnumaet al., 2007). This strengthens the role of Caveolin-bias of the DPPIV-ligands in T

cell activation and immune response.

1.2.4.10CARMA1

CARMAL1 is a lymphocyte-specific member of a subfigmif Caspase_Rcruitment_Dmain
(CARD) and Membrane-Asociated_Ganylate Knase domain (MAGUK)-containing scaffold
proteins. CARMASs, also called CARD-MAGUKS (Gaidgal., 2001), Bcl-10-interacting MAGUK
proteins (Bimps), (McAllister-Lucast al., 2001) or CARDS (Bertiret al., 2001) bind to Bcl-10
through a CARD-dependent interaction and therelay mssential roles in NEB activation,
induced by the co-stimulation of T cell receptoCR) and CD28 as well as other co-stimulatory
molecules. NReB, whose activation plays important roles for thmeliperation, differentiation, and
survival of T cells, is induced by different recmpgenerated signals that converge by
phosphorylating and activating theB-kinase (IKK) complex (Rothwarf & Karin, 1999).

One of the receptor generated pathways forkBFactivation is the CD3-CD28 co-stimulation
pathway. T cell activation and proliferation is uweéd by major histo-compatibility complex
molecules of antigen-presenting cells (APC) whichspnt antigen peptides to T cell receptors
(TCR) on the surface of T cells. This together wéthco-stimulatory signal generated through
interaction of B7 molecules on antigen-presentiatiscand CD28 receptors on T cells lead to a
complete T cell activation. This CD3-CD28 co-stiatidn induces a series of signal transduction
pathways leading to activation of cytosolic tyrasikinases, various adaptor proteins, small
GTPases, serine/threonine kinases and phosphdip@lkese signalling pathways in turn, activate
several transcription factors, including ¥B; AP-1 (activator protein 1and NF-AT (nuclear
factor of activated T cells), which then contrad hroduction of various cytokines, leading to T cel
activation and proliferation. Stimulation of T eelinduces the formation of a large multi-
component complex at the contact area between twl Bnd the antigen-presenting cell, the so-
called supramolecular activation complex (SMAC)immmunological synapse (IS) (Gerondakts
al., 1998), which is highly enriched with cholesteasld glycosphingolipids, hence termed lipid
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rafts. Whereas several molecules are expresseditatimsly in these lipid rafts, others are
recruited following co-stimulation. CARMAL along thiBcl-10 (B-cell lymphoma/leukaemia 10)
are signalling molecules associated with lipidgahd have been shown recently to link the TCR
and protein kinase C (PKQ to the activation of IKK compleXGaide et al., 2002; Jun &
Goodnow, 2003). Upon TCR engagement, CARMAL is @ased with TCR, allowing the
recruitment of Bcl-10 to the membrane. This togethigh PKO activation, leads to activation of
the IKK complex and subsequent phosphorylation degradation of the NkB inhibitor kBa
which results in NReB activation (Tanneet al., 2007).

Coupled with the TCR/CD3-CD28 stimulation, CD26-éegent co-stimulation involves the action
of caveolin-1 and CARMA1l (Ohnumat al., 2004; Ohnumaet al., 2007). In this pathway
CARMAL interacts directly with the short cytoplasnail of CD26/DPPIV which results to signal
transductions that induce NEB activation. Ligation of CD26/DPPIV and caveolinrécruits a
complex of CARMAL1, Bcl-10 and IKR to lipid rafts. A PDZ domain in CARMAL is necesgéor
binding to the N-terminal cytosolic tail of DPPI'®@Kinumaet al., 2007).

A model of the role of DPPIV in caveolin-1 and CARM associated T cell activation and immune

response is given in a model beldvig(re 1.4)

Role of DPPIV in T-cell response and activation
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Figure 1.4: Model of the role of DPPIV in T cell ativation and response



Introduction | 25

Caveolin-1 in monocytes (antigen-presenting c&RC) is anchored at the inner membrane. Upon antigen
engagement and presentation of MHCs on the sudiaiteese APCs, Caveolin-1 is exposed to the owlr ¢
surface and together with other factors inducesttiggation of CD26 T cells to the areas of antigen-loaded
APCs. Contact between APCs and T cells result@nidirg of Caveolin-1 to DPPIV. This associationules

in signalling cascades in the APCs as well as th26CT cell. Phosphorylation of the caveolin-1 on APC
takes place which switches on a signal cascadenipad activation of NF«B. NF«B-dependent up
regulation of CD86 amongst other molecules thatARLC function is the result. Meanwhile, ligation of
DPPIV on the surface of CD2d cells to caveolin-1 on APCs causes the recruitroé CARMAL by the T
cells to lipid rafts. CARMAL binds to the N-terminaytosolic tail of DPPIV and also recruits the
CARMAL1-Bcl-10-IKKs complexJeading to activation of the IKK complex and finalictivation of NFkB.
NF-kB-dependent transcription of further signalling swlles follows. Interaction of CD45 and DPPIV in
the lipid rafts leads to internalization of DPPI\high triggers a further CD3-zeta-chain-dependegmai
transduction pathway. This pathway inclugéssphorylation of the PTKs p%§ p59”" and zeta-associated
PTK of 70 000 kDa (ZAP-70), and of MAP-kinase, Cahd phospholipaseyC Binding of TCR/CD3
complex to MHCs on APC and also binding of CD28Tocells to CD86 and B7 molecules on APCs results
to activation of the T cells and their proliferatiofCR: T cell receptor;MHC: major histocompatibility
complex The diagrams and models of molecules are not tte.s¢odel modified with reference to
information from (Gorrelkt al., 2001; Ohnumat al., 2004; Ohnumat al., 2007).

1.2.5 DPPIV and Diseases

Several physiological processes and the patholdgyany diseases have been associated with
altered levels of serum-DPPIV, expression on thk serface as well as alteration in the
glycosylation patterns. Some of these diseasesetated with the enzymatic activities of DPPIV,
whereas some seem to be based on enzyme acthdigpeéndent disorders of the protein. A list of
characterized diseases with altered DPPIV expressal distribution is given iffable 1.2 The
following section will focus on 2 of these disegsemmely Diabetes mellitus type-2 and HIV/AIDS
since they seem to portray disorders caused bydmmtimatic activity and co-stimulatory roles of

the protein.

Table 1.2: Expression of DPPIV in physiological angbathophysiologic processes and in diseases

Disease or effect Cell surface DPPIV Serum DPPIV
Abstinence in alcoholics
Ageing

Smoking

Rheumatoid arthritis (Human, Mouse) 1T cells
Multiple sclerosis(Human) 1
Graves’ disease 1
Hashimoto Thyroiditis 1
Sarcoidosis 1

— |||
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Psychological Stress

Diabetes mellitus

Granulomatosis

Hepatic dysfunction , hepatitis C

Liver cirrhosis

Transplantion rejection

Lymphotic leukemia, Hodgkin Lymphoma
Hepatom (Human, Rat) !
Kidney transplant rejection (rat)
Encephalitis (Mouse)
Osteoporosis (Human)

Bulimia (bulimia nervosa, Anorexia nervosa) | lymphocyte
Oral squamous cellcarcinoma (Human)
Depression/ anxiety (Human)
Pregnancy

Miscarriage (human) 1 T-helper 1-cells
HIV/AIDS (Human) | lymphocyte
Inflammatory bowel disease 1T cells
Immunosuppression (Rat)
Down Syndrome | lymphocyte
Melanoma l l

Systemic lupus erythematosus | hypersialylated
Acute lymphoblastic T cell-Leukaemia l

Schizophrenia !

Autoimmune disease

Atopic dermatitis

Biliary atresia

Cancer of bile duct or pancreas
Colorectal carcinoma

Crohn’s disease

SLE (Human, NZB mouse)
Psoriasis

Fibromyalgia

Gastro intestinal cancer

e e = I N B B

lymphocyte

R el Rl Rl R R R e e e B e e I e e =t

- |||

hypertension

Women versus men
Neonates versus adults
Myelocytic leukemia (human) no change no change

— || —| — ||| |—|—|—

The table contains information from (De Meegdieal., 1999; Hildebrandét al., 2000; Gorrellet al., 2001,

Bauvois, 2004). HIV: Human immunodeficiency virddDS: Acquired immune deficiency syndrome.

1.2.5.1 DPPIV in Diabetes Mellitus Type-2

Diabetes mellitus type-2 or adult-onset diabetes chironic metabolic disorder. It is characterized

by two major pathophysiologic defects: (1) insulesistance, which results in increased hepatic
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glucose production and decreased peripheral gludzg®msal, and (2) impaire@cell secretory
function (Kahn, 2003; Bloomgarden, 200Besides these, elevated fasting plasma glucagon
concentrations which fail to decrease appropriatetyparadoxically may even increasker oral
glucose or carbohydrate ingestion also characténealiseaséMuller et al., 1970; Reaveset al.,
1987). Type-2 diabetes is therefore a complex disease, @pitmal treatmentrequires a
combinational approach. Existing therapies haveumber of shortcomings, including safety,
tolerability issues (e.g., hypoglycaemia, weighingand gastrointestinal intolerance) and typically,
treatment modalities become less effective oveetam a result of progressive loss of beta-cell
function (UK Prospective Diabetes Study Group (UKPPB3) 1998). As a result many patients
remain inadequateliyreated. This raises the need for new therapetrtitegies which can target
hyperglycaemia, but yet successfully prevent thegmassion of the associated complications of
type-2 diabetes mellitus.

Under normal physiologic conditions, incretin homae are released from the gastrointestinal tract
in response to the presence of carbohydrates pits lfollowing nutrient ingestion and enhance
glucose-dependent insulin secretion from the pascréhese hormones elicit their actions through
direct activation of distinct G-protein-coupled eptors that are expressed on islet beta cells
(Hansotia & Drucker, 2005). The two principal ietth hormones are GLP1 and GIP. GLP1 and
GIP are small peptides of 30 and 42 amino acidpeasely. Following an increase in blood
glucose, GLPDinds to its receptors and induces subsequentasiciivof adenylate cyclase. This
results in accumulation of cAMRithin the cell, activation of protein kinase A,eeation of
intracellular calcium concentrations and mobilisation of inswomtaininggranules (Gromadat

al., 1998). This occurs however, only when glucoseceatrations are higher thasb mg/dL
(Efendic & Portwood, 2004)5LP1 receptors are widely distributedtire stomach, kidney, heart,
intestine, lung, and in the peripheaald central nervous systems (Estall & Drucker620Besides
stimulating insulinsecretion in a glucose-dependent manner, GLP1 shthes functions in control
subjects and patients with typedfabetes. These include: (1) glucose-dependentrasgpn of
glucagon (Nauclkt al., 1993), (2) reduction of appetite, food intake dodlyweight (Flintet al.,
1998) (3) deceleration of gastric emptying (Willnesal., 1996)and (4) cardiaprotective effects
(Nikolaidis et al., 2004) GLP1 and GIP have also been shown in preclinioadiss to exert
significant cytoprotective and proliferative effedn the islets of Langerhans (Drucker, 2003).

In patients with type-2 diabetes, a continuousritat&tion of beta-cell function is seen (Brubaker &
Drucker, 2004) Both GLP1 and GIP stimulate insulin secretion andtgbute to physiological
glucose homeostasis and the use of exogenous GulPGH was considered a good therapy to
treat type-2 diabetes. However, their use is lidhitkeie to rapid degradatian vivo by DPPIV
(Mentleinet al., 1993; Marguett al., 2000).
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A strategy to circumvent the limitations caused by degradgtion order to improve the
pharmacokinetics of GLP1 and GIP in type-2-diabetes the development of stable peptide
analogues that are resistant to degrading enzymels as DPPIV. Some resistant synthetic
analogues of GLP1 or GIP demonstrated to be bicddigi active, stimulate insulin secretion and
subsequently normalize blood glucose levels. Theyved prolonged metabolic stability vivo
(Gallwitz et al., 2000; Hinkeet al., 2002) Exenatide (commercial name: Byetta), a GLP1-reaepto
analogue which is resistant to DPPIV degradatios tha first incretin mimetic approved by the US
“Food and Drug Administration” (FDA) in April 200%nd by the European commission in
November 2006. However, GLP1 analogues requirectioje which makes self-administration by
the patients inconvenient. Moreover side effecthsas nausea, vomiting and diarrhoea at the early
phase of therapy and acute pancreatitis have besotiated with the use of the mimetic (FDA
ALERT 10/2007).

Following the elucidation of its crystal structu2PPIV has been considered a good target in the
treatment of type-2 diabetes mellitudPPIV inhibitors as drugs, wouldct by inhibiting the
breakdown of GLP1 and thereby, selectivelyhance insulin release under conditions when it is
physiologically requiredAmongst the first tested DPPIV inhibitors, diprotA, lle-thiazolidide,
valine-pyrrolidide, NVP-DP728 were demonstratedeftectively inhibit the truncation of GLP1
and GIP by DPPIV and improve glucose tolerance nimal models (Deacoret al., 1998;
Pospisiliket al., 2003) and in human studies (Ahreral., 2002).However, these drugs were only
partially selective foDPPIV. Moreover, DPPIV has a broad rangesobstrates other than GLP1
and also structural homologues of its gene famityctv share some similar substrates. Opposed to
the inactivation of GLP1 by DPPIV, cleavage of P¥dnverts the non-subtype-selective agonist
PYY1_gsinto the selective agonist P¥¥e at Y2 and Y5 receptors (Michelal., 1998) PYY;_35iS
known to stimulate food intake, whereas periphgratiministered PY¥z3g inhibits food intake in
rats (Batterhanet al., 2002) Considering that obesity is a problem in type-@bétes, precluding
the formation of such an endogenous faothke inhibitor by use of DPPIV inhibitors is
undesirable. However, many other studies on rodéidtsiot confirm inhibition of foodntake by
PYY3 36 (Boggianoet al., 2005) Recent studies in non-rodents such as pigs andhihsl revealed
reduced food intake upoperipheral administration of relatively high contations of PY¥_36
(Sloth et al., 2007). On the other hand, PY¥; was also reported to promote fat oxidation and
improveinsulin resistance in mice even under conditionshoonic administration where it did not
reduce food intake (van den Hoetkal., 2007) Furthermore, PY¥_3s also lowers plasma glucose
levels even in the absence of alterations in catig) insulin levels (Bischoff & Michel, 1998)
Selective inhibition of GLP1-inactivation is amsulinotropic principle which is unlikely to cause

hypoglycaemidetween meals if DPPIV inhibitors are administength or after meals. The lower
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risk for hypoglycaemicevents as compared with other insulinotropicaati-glycaemia agents
therefore makes DPPIV-inhibitors promising candeddbr a more physiological treatmenttybe-

2 diabetes (Combettes & Kargar, 2007). The needlifinly selective inhibitors of DPPIV remains
indispensable in the treatment of type-2 diabetes.

Recently, a series of selective inhibitors of DPRBAXe been evaluated in clinical trials (Hermansen
& Mortensen, 2007; Utzschneider al., 2008)and some of them have proven promising in the
treatment of type-2 diabeteBaple 1.3.

Table 1.3 DPPIV inhibitors presently available and in devebpment

Research Name Commercial nam¢ Company Availabilitgtatus
Sitagliptin Januvia® Merck Sharp and Dohme Available
Vildagliptin Galvus® Novartis Available
Saxagliptin Onglyza Bristol Myers Squibb anfstraZeneca Available
SYR-322 Takeda Phase I
R1438 Roche Phase I
PSN9301 Prosidion Phase I
TS-021 Lilly Phase |
R1499 Roche Phase |
PSN357 Prosidion Phase |
ALS 2-0426 Alantos Phase |

The table contains information froidi{sboll and Knop 2007: http://dvd.sagepub.com/cgitent/refs/7/2/69nodified
and updated according to press releases of thedU8iates FDA and the European Commission

Sitagliptin was approved by the US FDA on Octobgér 2006 as Januvia and on April 2, 2007 in
combination with metformin as Janumatildagliptin was approved in September 2007 and
commercialized under the name Galvus. Most receathhird member of this class of drugs,
Saxagliptin was approved by FDA in August 2009 aydhe European Commission in October
2009 and is commercialized under the name Ongilithough Sitagliptin and Vildagliptin have
been commercialized now for over 2 years and sedme safe drugs which improfsecell function
(Bosi et al., 2007) and reduce hyperglycaemia efficiently, dippearance of side effects with the
onset of therapy cannot be completely ruled outfeéBpcommon side effects such as headaches
(Richteret al., 2008) and hypoglycaemia and rare side effectd sscinflammation of the liver
(hepatitis) (US FDA-ALERT) have been reported in diabetic patients using ¥Yligan and
Sitagliptin. Compared to other available anti-diabetic drugs,ftequency of these side-effects is
relatively low, making them comparably safe. Repstiow that epending on the benefit-risk ratio,
DPPIV inhibitors might be a treatment strategypabrity in the early stages of type-2 diabetes in
future, particularlyin combination with metforminNotwithstanding, long terrsafety and efficacy

of the drugs still remain to be proven, e.g. thieat$ on cardiovascular disease (Montiral.,
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2007). Furthermore, DPPIV is considered a moonhghprotein and has many other roles in
different pathways (Boonacker & Van Noorden, 20033h as in immune response and collagen
metabolism. Recent research with Vildagliptin ots nevealed alterations in collagen metabolism
(Jostet al., 2009).However, the pleiotropic effects of DPPIV raise gussibility of potential use of
its inhibitors in diseases other than type-2 diekefThese include inflammatory diseases and
probably certain types of cancers (Thiebtal., 2007; Thompsost al., 2007)

Although some effects may manifest as useful semgnactions when DPPIV inhibitors are being
used for the treatment of diabetic patients, otheay manifest as adverse events. Coupled to this,
long term effects on the poorly studied endogenohibitors of DPPIV such as the Thromboxane-
A2 receptor (Wrengeat al., 2000) may be adverse. In thiture, evaluation of alteratioms human
plasma samples from type-2 diabetes pati¢r@ated with DPPIV inhibitors will reveal deeper
insights in drugaction and correlate accumulated substrates withngkarypharmacological effects
and ultimately develop predictivearkers for selection of suitable inhibitors fobpapulationsof
patients (Jostt al., 2009).

1.2.5.2 DPPIV in HIV infection and AIDS

Human immunodeficiency virus type-1 (HIV1) is theykagent causing AIDS. HIV infection is a
massive global health problem with more than 33ionilinfected worldwide(UNAIDS 2007).
Although the identification and isolation of therug lies 26 years back, vaccines against HIV-
infection or drugs for a complete eradication oDA&Il are not available yet. One of the reasons for
this is the multifaceted nature of the virus and s$trategies it evolved in order to manipulate the
host immune response machinery and successfullgemi®iate its genetic material. This
manipulation begins from the point of infection wise of cell surface receptors (Sattentau, 1998),
right on to integration into the host chromosofd&/ infection is mediated by interaction of the
HIV envelope glycoprotein, gp120 with the primagceptor CD4 on host cells (Dalgleishal.,
1984). This leads to conformational changes in @pI2sulting to its association with either
CXCR4 (Fengget al., 1996) or CCR5 (Sodroskt al., 1996) depending on the viral strain and cell
type. In the case of T-tropic (X4) viral strainstramolecular complex is formed between gp120,
CD4, and CXCR4(Lapham et al., 1996). These interactions are critical for subsequent
conformational changes that take place in the gfyp2d complex, leading to the exposure of gp41
fusion peptide and the initiation of virus fusioitiwthe host cell membrane (Broder & Collman,
1997; Bergeet al., 1999).

There is evidence for the involvement of DPPIV ifWHnfection and the progression of AIDS-
associated immune suppression, although DPPIV doeserve directly as a co-receptor of HIV
infection (Broderet al., 1994) as was earlier postulated (Calletshat., 1993). DPPIV is known to
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cleave many chemokines such as the earlier mewnti@i2--I/3, MDC (Struyf et al., 1998;
Mantovaniet al., 2000) and RANTES and regulate their biologicalchions. Intriguingly, cleavage
of RANTES and SDF44, results in opposing effects regarding their &H¥- activities. While
truncation of RANTES by DPPIV increases its cherottaactivity via CCR5 and thereby prevents
HIV infection (Oraveczet al., 1997; Appay & Rowland-Jones, 2001), cleavage&sbf-1a by
DPPIV leads to reduced chemotactic activity andsegaently promotes HIV infection via the C-
X-C chemokine receptor 4 (CXCR4) (Shiogtaal., 1998). The association of CXCR4 with DPPIV
further supports the involvement of DPPIV in HIMfention (Herreraet al., 2001). Furthermore, the
association of DPPIV and ADA which promotes cebleration is inhibited by the HIV envelope
glycoprotein gp120 (Blancet al., 2000).

Taken together, the exact roles played by DPPIWIM infection and progression of AIDS are
poorly studied, but relate probably to its cleavagel alteration of the anti-HIV activities of
chemokines such as RANTES and SDE-The alteration of anti-HIV activities of SDFe:land
enhancement of the infection of humans by diffexératl strains is an unwanted process of DPPIV
in the host and reflects one of the strategies bichvHIV manipulates its host. Furthermore, the
HIV1 transactivator of transcription, HIV1-TAT im&cts with and inhibits the enzymatic activity
of DPPIV (Gutheilet al., 1994) which leads to a decrease in DPPIV-medidtecell growth
(Wrengeret al., 1996; Wrengeet al., 1997; Ohtsuket al., 2000).

It has been repeatedly observed that CCR5-using\iREses are mainly transmitted (Carring&in
al., 1999) while CXCR4-using (X4) variants could bel&ed from up to 50% of AIDS patients in
subtype B infections and correlate with a more dalpiss of CD4 T cells and faster disease
progression and death (Asgb al., 1986; Scarlattet al., 1997). CXCR4-using viruses emerge in
most cases in the late phase of disease and celonize T cell populations that were not infected
by R5 viruses (Ostrowskét al., 1999; Blaaket al., 2000). The need for selection is therefore
indispensable for the virus since the cause of A#D8 death of the host is unwanted. With effect,
R5 HIV strains are preferentially transmitted ahd tseems to be controlled by the HIV1-TAT
protein. This effect of HIV1-TAT seems to be meddby several strategies, one of which involves
the inhibition of DPPIV enzyme activity to ascenta block of CXCR4 by intact SDFel The
other strategies evolved by the virus involve diraatagonistic binding of TAT to CXCR4 and
inhibiting HIV infection via CXCR4 and also modulag the conformation of the HIV envelope
protein gpl120, thereby directly inhibiting or enbeag infection by particular HIV strains. A
directed induction of co-receptor expression by Tpgfdtein also grants preferential infection by
specific viral strains due to availability of reteys (Huanget al., 1998; Secchieret al., 1999;
Ghezziet al., 2000).
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However, it must be noted that depletion of CD4cells and AIDS occur in patients from which
only R5- viruses (CCR5-using) could be isolated Rmla Husman & Schuitemaker, 1998). In
HIV-clade C infections, CXCR4-using variants haweb detected in far fewer individuals in the
late stages of disease (Moresal., 2001). Thus, AIDS and death presumably occuteerabsence

of X4 HIV-variants for a substantial number of Hlpatients and is caused directly by R5 viruses
though significantly less rapidly than in the ca$&4 viruses. In both cases a significant decrease

of the expression of DPPIV is noticed.

1.2.5.2.1 The HIV1 transactivator of transcription (HIV1-TAT)

The HIV1 genome constitutes nine viral genes, aivbich are expressed from a single promoter
located within the viral long terminal repeat (LTRhich flanks the 5" and 3’ regions of proviral
DNA (Coffin, 1995; Greene & Peterlin, 2002). Theistence of a single and unique promoter
makes transcription dependent on a single tranvsdot, TAT which is responsible for
transcriptional activation and elongation of alkthine viral transcripts (Laspiet al., 1989;
Feinberget al., 1991; Katcet al., 1992).

A: HIV Genome
pol vpr rev tat nef
| | OO env W]
LTR 989 | | LTR
[ T | I 1N 0 [N

vif tat  vpu rev
B: Controlelementsinthe HIV -LTR promoter

Regulatory Region Core Promoter + TAR

COuP

TATA +1

TCF-1a SP-1 TAR

INR

AP-1 NF-AT
Figure 1.5: The HIV Genome and control elements ithe HIV LTR
(A) The HIV Genomds made of 9 genes and a single promdiée TAT gene is encoded by two exons
which are highlighted in blue(B) Control elements in the HIV LTR: The HIV promoter can be divided
into the “core promoter” and the “regulatory” regiolhe core promoter region contains three tandet S
sites, a TATA element, and an initiator (INR) eletelhe “regulatory” region carries a series ofdbig
sites for DNA transcription factors. Depending dme tcell type, these factors can modulate HIV
transcriptional activity. However, in contrast teetcore promoter elements, the virus is still ableeplicate
when these elements are deleted. The diagram waiSiedoaccording tdKarn, 1999).
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HIV1-TAT is a small nuclear protein comprised of 881 amino acid residues depending on viral

subtype, and is encoded by two exons. Though cgntall, the TAT protein has a complex

secondary structure and can be divided into fiveixafunctional domains which are conserved in

all Lentiviruses (Jeang al., 1991). The structural domains of TAT are as feHo

The N-terminal domain is made up of the amino adi®?2 and is rich in proline, with a
proline residue on every third position when caogtifrom the first methionine. The
sequence X-X-Proline at the N-terminal of this dom@aakes TAT a natural inhibitor of
DPPIV and suppressor of DPPIV-dependent T cell gngWrengeret al., 1997).

The cysteine-rich domain comprises residues 2388 antains seven cysteine residues
which cause multimerization of the TAT protein (fkel et al., 1988).

The core domain (residue 39-49) contains highlyrbghobic amino acids and is
responsible for DNA-binding (Karn, 1999).

The basic domain (residues 50-60) is rich in argirand lysine, making up six arginines
and two lysines within 11 residues. The domain @imista nuclear localisation signal and is
responsible for binding to RNA and nuclear locdima (Rana & Jeang, 1999).

Residues 61-72 make up the glutamine-rich anddastain encoded by exon-1 of the TAT
gene. This domain also plays a role in DNA-binding

Residues 73-101 make up the c-terminal domain whmmtains an RGD motive. This
domain is involved in the recognition of transagtnesponse element of an RNA stem loop
called TAT-activation-RNA (TAR) and in the transaeation of all viral transcripts
(Verhoef et al., 1998). This domain also initiates binding to hestracellular matrix
proteins such as fibronectin and vitronectin (Rabsgl& Pierschbacher, 1987). Through its
RGD motive it also binds to the integrin recepidfi1 andav3 (Barillari et al., 1999).

TAT structural domains

Exon 1 Exon2
NHZ
~ Cysiich s basic
T 1 ; COCH
Aa 1 22———7-38——4% 60— 2-———-101
| || |
| |
Activation domain TAR recognition domain

T Phosphorylation: Serine 16/46
Acetylation: Lysine-28, 50,51
T Methylation: Arginine-52/53

T Ubiquitination: Lysine-71
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Figure 1.6: Structural domains of the HIV1-TAT protein
TAT protein comprises of 86-101 amino acid residwdsch make up distinct domains with typical
functional roles in the cell. The residues whichiengo co- or posttranslational modifications amdidated

with coloured arrows.

1.2.5.2.2 Biological roles and effects of HIV1-TAT on its hos

The primary role of HIV1-TAT is to transactivateeti TR promoter of HIV proviral DNA by
binding to the transacting response element of B&fivation RNA (TAR). TAR forms a stable
RNA stem-loop at the 5" end of all viral transcs@nd its binding with TAT recruits a series of
transcription factors to the promoter (Laspial., 1989; Feinbergt al., 1991; Katoet al., 1992;
Gatignol & Jeang, 2000).

Via its cysteine-rich domain, TAT binds the cycllil component of the positive transcription
elongation factor-b and cyclin dependent kinaseCBK9), which facilitates viral transcription
(Kim et al., 2002; Brady & Kashanchi, 2005; Biglioeeal., 2007). Besides the recruitment of host
cellular proteins and enzymes for transcriptiondlation, TAT protein binds a number of cofactors
with intrinsic histone-acetyltransferase activityck as the p300/CBP, p300/CBP-associated factor
(pCAF), TAFII250 and TAT-interacting protein 60, igh regulate the chromatin structure located
at the HIV promoter, thus allowing access to theRLgromoter (Chiang & Roeder, 1995; Dal
Monte et al., 1997). Furthermore, TAT induces remodelling ohwcleosome (nuc-1) which is
positioned at the HIV promoter and probably stinesaranscriptional elongation of HIV, both by
increasing the intrinsic ability of RNA-Pol Il corgx to elongate efficiently and by recruiting
histone-modifying enzymes to remodel the elongatidslock caused by nuc-1.
Hyperphosphorylation of the C-terminus of RNA-Pdl Hy CDK9 enhances elongation of
transcription from the LTR promoter (Barboric & tBin, 2005; Brady & Kashanchi, 2005). In
the absence of TAT protein, transcription of vit@nscripts is low and results to production of
shorter transcripts. Successful transcription tatigation of HIV LTR by TAT is regulated by
posttranslational modifications of the TAT protdig host cellular proteins. These modifications
include phosphorylation on serine-16 and -46 (Anowast al., 2006), acetylation at lysine-28, -
50, and -51 (Kiernaet al., 1999; Berrcet al., 2006), ubiquitination at lysine-71 (Bresal., 2003),
and methylation at arginine-52 and -53 (Boularejet., 2005).

Acetylation of the basic domain on Lysine-28, -3Md -51 by CBP/p300 is crucial for TAT
transactivation activity (Kiernast al., 1999; Berroet al., 2006). The steps involved in the TAT-
mediated transcription of viral genes are not fulhderstood yet. However, based on the findings
available a model for TAT-mediated hyperphosphdiyta of RNA-Pol 1l and the resulting

transcription elongation is given Higure 1.7.
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A Infidation B) Promoter clearance

CTD hyperphosphorylation CTD hyperphosphorylation

E} Dissociation of TAR and CBP/p300: recruitment of SWVSNF and pCAF facilitates elongation

Figure 1.7: Model of TAT-mediated transcription elagation at the HIV LTR

(A) The RNA polymerase Il holoenzyme is recruitedite HIV LTR through its interactions with TFIID
and other components of the basal transcriptioa@dps. The CTD of the RNA-Pol Il is phosphorylabsd
the CDK7 kinase found in TFIIH and the modifiedypukrase clears the promoter and begins transariptio
of TAR. (B) The nascent RNA chain corresponding to the TAR RNyscript folds into its characteristic
stem-loop structure and binds the RNA-Pol({I) Ubiquitination of TAT by Hdm2 activates TAT and
causes its binding to the bulge sequence foundtheapex of the TAR RNA structure and its formatas

a ternary complex with Cyclin T1/CDK-9 (TAK). Thetavated TAK kinase catalyzes hyperphosphorylation
of the Pol 1I-CTD.(D) Recruitment of CBP/p300 results in acetylationT8fT on K28, K50 and K51(E)
Following acetylation of TAT, TAT and CBP/p300 atisplaced from TAR and transferred to the elonggatin
RNA-Pol Il complex. TAT recruitment of SWI/SNF apCAF to the complex facilitates elongation. The
activated transcription complex is able to trarserihe remainder of the HIV genome. Transcription

complexes that have been activated by TAT showre@thelongation capacity and are able to read gifwrou
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a variety of terminator sequences, including RN&nstoop structures with a high degree of efficiency
Arginine methylation of TAT by PRTM6 triggers théssociation of acetylated TAT from the polymerase
complex and pCAF at the end of the transcriptiocieeyUbiquitination and dimethylation of argininesrk
TAT for degradation. Monomethylation of TAT can beversed by the action of TAT peptidyl arginine
deaminase and ubiquitinated TAT can be recyclest aitacetylation by SIRT1 into the transcriptioley
This model was modified with reference to inforroatfrom (Karn, 1999; Hetzett al., 2005; Van Duyne&t

al., 2008).

In HIV-infected patients, TAT protein is secretadrh HIV infected cells by a poorly studied
mechanism and is suggested to have paracrine fectuninfected cells (Ensoét al., 1993;
Huigenet al., 2004). Extracellular TAT protein re-enters cella lipid rafts and caveolar uptake
(Vendeville et al., 2004) by interacting with cell surface receptsrgch as heparan sulphate
proteoglycans (Tyaget al., 2001), the integrin receptors531 andavp3 and the extracellular
matrix proteins fibronectin and vitronectin (Rud#la& Pierschbacher, 1987; Barillagt al.,
1999). The subsequent outcome of such re-entryAdf ifito cells is diverse and poorly studied.
Studies with recombinant TAT protein reveal thatr&sellular TAT taken-up by cells, translocates
to the nucleus where it modulates amongst othleesexpression of a wide range of genes such as
cytokines (Buonaguret al., 1994; Westendorpgt al., 1994), chemokine receptors (Huagtgal .,
1998) and major histocompatibility complex (MHC)d\Mcroftet al., 1993; Verhoett al., 1998).
Reports testify that TAT could alter HIV co-receptxpression in lymphoid and myeloid cells
(Huanget al., 1998; Secchieret al., 1999; Xiaoet al., 2000). In monocytes/macrophages and T
lymphocytes, TAT up regulates both CXCR4 and CCRpression. Furthermore, extracellular
TAT is a specific antagonist of CXCR4 and seledyiwehibits the entry and replication of X4 virus
in peripheral blood mononuclear cells (Gheaal., 2000; Xiaoet al., 2000).

Several protein-protein interaction networks werevedoped for human and HIV proteins
(Bandyopadhyayet al., 2006) (http://www.ncbi.nlm.nih.gov/RefSeq/HIVIn&etions/tat). With
reference to the interaction network, TAT proteiteracts with about 79 different proteins during
the early stages of HIV latency. Amongst them,rextdon with four groups of genes and proteins,
namely tubulin associated genes (Ckeal., 2002), transcription factors (Coyle-Riekal., 2002),
collagen and fibronectin (Taylet al., 1992) and genes involved in the regulation df geelwth are
particularly significant.

Taken together these reports indicate the rolelgfLH AT in the regulation of HIV infection by its
regulation of co-receptor usage and viral strailecs®n. Furthermore, it manipulates the host
machinery by recruiting a series of molecules wigake transcription of the viral genes.

A series of research work support the active ré|IBPPIV and TAT in HIV infection and AIDS.
Apart from being involved in cell migration and sihg common binding partners such as the HIV
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co-receptor CXCR4, fibronectin and collagen-1, HIXT and human-DPPIV are involved in lipid
rafts, where they associate with various signalfimgecules. Interestingly, HIV infection (Manets

al., 2000; Liaocet al., 2003) and budding (Nguyen & Hildreth, 20@8ke place in lipid rafts.

The eradication of HIV/AIDS can therefore only becsessful if the mechanisms involved in
infection and the progression of AIDS, and the dtiies underlying these mechanisms are
characterized. The study of the interaction of howD®PIV and the HIV1-TAT protein and the
elucidation of the crystal structure of the completween HIV1-TAT and human-DPPIV will
contribute immensely towards the design of drugsutget the protein in HIV infected patients.
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2 Aim of Work

1.) So far, the role played by DPPIV in HIV infeatiand AIDS and the mechanism of this role are
poorly studied. Furthermore, the ligands involved the DPPIV-HIV interaction are largely
unknown. The HIV1-TAT protein which plays a crucrale for viral replication and transcription
was described as a partial inhibitor of the enzyenattivity of DPPIV and peptides derived from
the N-terminus of HIV1-TAT were shown to suppresBPHIV-dependent activation of T cell
growth. However, a direct association of whole-langAT protein and DPPIV has not been
resolved.

Opposed to human-DPPIV protein, the tertiary stmecbf the multi-faceted HIV1-TAT protein has
not been elucidated yet. The crystal structure &PV in complex with the N-terminal
nonapeptide of HIV1-TAT was resolved. From thisusture, it was postulated that the interaction
of the TAT N-terminus to DPPIV is weak and cannetrbsponsible for the overall inhibition effect
of the TAT protein on DPPIV, implying that anoth®nding site for TAT protein outside the active
centre of DPPIV potentially plays a role in theibition.

The aim of the underlying work was as follows:

* Expression and characterization of recombinant PpAdtein and its interaction with human-
DPPIV.

» Verification of the inhibition effect of purifiedecombinant TAT protein on the enzymatic
activity of DPPIV.

* The production and structural characterization BP®IV/TAT protein complex.

2.) Furthermore, the HIV1-TAT protein is secreteahi infected cells of HIV-patients and re-enters
uninfected cells by caveolar uptake. Caveolae gd tafts are centres for signal transduction.
HIV infection and budding take place in these aestiThe caveolae structural protein, Caveolin-1
was reported to associate with human-DPPIV in ligfts which may contribute to the role of

DPPIV in signal transduction and HIV infection.

» The verification of the interaction of human-Caved with human-DPPIV protein was a

subproject of the underlying work.
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3 Results I: Expression, Purification and Characteriation of TAT

protein

In order to verify the inhibitory effect of HIV1-TRA on the enzymatic activity of human-DPPIV
and to confirm the importance of the N-terminusT&T protein on this effect, TAT-cDNA from
the HIV1-strain BRU, was cloned in different exmies vectors in order to express the protein
with different fusion tags. The fusion tags wereegse purification of the protein and also serve in
some cases to block access of the N-terminus of TAThe active site of human-DPPIV in

subsequent investigations of their binding andhitiwin of the enzymatic activity of DPPIV.

3.1 Expression and Purification of recombinant TAT proteins inE. coli

Recombinant TAT proteins with either N-terminal G®F C-terminal 6xHis-tags were constructed
and expressed iB. coli BL21 as stated under secti9ri.1.3

A schematic representation of the fusion proteinstmicts expressed and their respective names

used in this work is given in

Figure 3.1

26 kDa GST GST

14 kDa 6xHis _ 6xHis His-TAT-His
. TAT10xHis

Figure 3.1: Schematic representation of TAT proteirconstructs expressed ifk. coli

The recombinant TAT proteins with different fusitags were assigned the names on the right. Only the
assigned names shall be used in the following @ecf the work. The GST-TAT and GST-TAT-His both
possess a linker of 7 residues between the GSTTAAdwhich constitutes the recognition sequence for
thrombin cleavage. The TAT10xHis also containsttitrembin recognition sequence between TAT and the
10x His tag. The TAT10xHis Protein was expressed purified by our cooperation partners Dr. Eva

Tauberger and Jacobo Martinez (AG Saenger, FU+Berli
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3.1.1 Purification of GST-TAT-His protein

TAT fusion protein with N-terminal GST and C-terrairéx His-tag (GST-TAT-His) was expressed
in E. coli at 25°C for 3 h following induction with 2 mM fihaoncentration of IPTG and purified
in two steps by affinity chromatography and getditlion. All purification steps were carried out on
ice with the use of aluminium foils to protect tpetein from light. Furthermore, siliconized or
Protein-Lobind-tubes (Eppendorf) were used to aymiotein loss due to the stickiness of TAT
protein to surfaces. Purification of the fusion tpre from cytosolic fractions was either by
glutathione affinity chromatography or by “Niaffinity chromatography. High amounts of the
protein could be purifiede{gure 3.2B). To eliminate host proteins which are co-pudfies a result
of unspecific binding to the Nickel agarose andt&hione sepharose used, fractions containing the
GST-TAT-His protein were pooled and further pudfiby size exclusion chromatography on a
Superdex 200 column.

From the elution profile, the main peak was at 9m3BBretention volume Rigure 3.2C). With
reference to protein standards used for size exclushromatography, the calculated molecular
weight of proteins eluted at this retention voluwas 1046 kDa. Theoretically, this peak
corresponds to high molecular weight aggregatexiwlsannot be separated accurately by the
Superdex 200 column. Fractions of 500 pl each wellected and analysed by SDS PAGHg(re
3.2D) and western blotFgure 3.2E). Interestingly, the main peak corresponding @6l kDa
proteins actually comprised of highly pure GST-TAS protein which could be reduced with
DTT and SDS to its 37 kDa monomeric form. MALDI-TG™MF of the 37 kDa band revealed
GST-TAT-His, whereas the 75 kDa protein gave pegtid/hich matched to the. coli protein
“ARNA_ECOLC". This protein serves iit. coli to bind and neutralize the effect of strongly
cationic molecules and therefore co-purified wite GST-TAT-His, but could be eliminated in SE-
FPLC.

The fractions containing pure GST-TAT-His proteifna¢tion 6-10) were pooled and dialyzed
against TAT storage buffer (50 mM Tris pH 8.0, 26M KCI, 5 mM DTT), placed in 10-20 ug
aliquots in Protein Lo-Bind tubes and stored at’&@vell rapped in aluminium foils till further

characterization of the protein.
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Figure 3.2: Purification of GST-TAT-His protein from E. coli BL21

(A) Schematic representation of the recombinant GST-H#sTprotein.(B) SDS PAGE and coomassie stain
of protein (15 pl/ lane) purified by Nickel affigithromatography and glutathione affinity chromaaqdny
respectively. In= Input, FT = Flow-through, W = waBaction, E1-E4 are eluted fraction€) Elution
profile of the GST-TAT-His protein purified by SEREC on a Superdex 20D) Analysis of GST-TAT-
His after SE-FPLC. 15 pul protein/ fraction were denatured and amalysy SDS PAGE and silver sta{i)
Samples were prepared like in “DG&els were then blotted and probed with anti-TAT ntAbn detected
colorimetrically with the AEC substrate. The nunbeefer to fractions collected at different retenti

volumes.
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3.1.2 Purification of GST-TAT protein

The TAT fusion protein with N-terminal GST-tag wasurified by glutathione affinity
chromatography and analysed by SDS PAGE and staaumdédcoomassie Higure 3.3A). High
amounts of the partially pure protein could be diete in the eluates. Further purification by size
exclusion FPLC on a Superdex 200 column was dohe.€lution profile from SE-FPLC showed
several main peaks with a double peak at 9.8 ml.8BRDa) and 10.7 ml (530.98 kDdjigure
3.3B). A second double peak of lower molecular weiffagments were seen at 14.7 ml (76.32
kDa) and 16.8 ml (27.56 kDa, corresponding to GShg double peak corresponding to molecular
weights ranging between 822 kDa and 530 kDa comregbrid pure GST-TAT protein which could
be detected as a double band of size 35-36 kDaDI8/FAGE Figure 3.3C). Fractions containing
the pure GST-TAT protein were pooled and dialyzediest TAT-storage buffer and used for

verification of biological activity or stored atQ8C for later characterization.

A B
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— e 16.8 ml
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Figure 3.3: Two step purification of GST-TAT protein

(A) SDS PAGE analysis:15 pul GST-TAT protein/ fractiomere analysed by SDS PAGE and stained with
coomassie solution. M: high molecular weight protgtiandards, E1-E6 are protein fractions elutetd @50

pI GST elution buffer eacliB) Elution profile of the GST-TAT protein purified I§E-FPLC on a Superdex
200. (C) Coomassie/ silver-stained SDS PAGE of GST-TAT protdter size exclusion FPLQNumbers
refer to fractions of 300 pl collected at differeetention volumes.
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3.1.3 Purification of His-TAT-His fusion protein

The expression of TAT fusion protein with N- andéZminal 6x-His fusion tags was not as high as
those with GST fusion tags. Also, purification by*Naffinity chromatography yielded partially
pure protein which however was more readily degiadrurified protein was analysed by SDS
PAGE and western bloFigure 3.4B-C). Further purification by size exclusion chrdography on

a Superdex 200 column was performed but yieldey lom amounts of the pure protein. Although
the calculated molecular weight of the fusion proie about 14 kDa, the elution profile from SE-

FPLC also revealed spectra corresponding to maeasméights higher than 670 kDa (result not

shown).
A 6xHis _ 6xHis 14 kDa
B C
M E1 E2 E3 E4 E2 E3 E4
100 kDa
75 kDa
50 kDa
37 kDa
25 kDa
20 kDa - —
— <«— His-TAT-His monomer
15 kDa -

10 kDa . = }degradation product

Figure 3.4: Analysis of purified His-TAT-His fusion protein

(A) Schematic diagram of the His-TAT-His protefB) 15 ul of protein sample per lane was analysed on a
12.5% SDS PAGE then stained with silver nitrat¢@yblotted and probed with anti-TAT mAb. M: Protein
standard, E1-E4: fractions eluted with 100-, 2@ddg 300 mM imidazol respectively.

3.1.4 Purification of TAT protein without fusion tags

The B-type HIV1-TAT cDNA (TATBRU strain) used in this work codes for an 86 resifiad
protein which is strongly hydrophobic, with a cd&ted isoelectric point of abod0.1. At buffer

pH below this pl value, the untagged protein shaaldy a negative net charge and therefore bind
strongly to cation exchangers. In the underlyinglatbe recombinant TAT protein expressedein
coli andS9 cells did not bind strongly to such cation excleasgSP- and S- sepharose), but rather

bound to anion exchangers at pH 6.5. At this pHieah high amount of host proteins also bound to
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the anion exchangeFigure 3.5A and B). A second purification step using immurfiiagy with
anti-TAT mAb was not very successful as most oftibend protein could not be eluted with buffer
pH values ranging between 3 and 10.8. At pH vahssw 3 and above 10.8 the immobilized
antibody co-eluted with the protein. Subsequerttig, TAT protein was purified in two-steps by
combining ion-exchange chromatography and SE-FHrGtein elution from the anion-exchanger
was performed with 10 mM -1 M salt (NaCl) concetitna gradient, making a desalting step
necessary. Fractions containing the TAT proteinmfrseveral rounds of ion exchange
chromatography were pooled, desalted on PD10 cdutinen concentrated with Vivaspin-5,000
MW columns (Vivascience). The concentrate was grrfpurified by SE-FPLC on a Superdex 200.
Similar to purification of the GST- and His-taggeAT protein, the untagged TAT protein eluted at
a retention volume corresponding to 708 kDa mokacwieight Figure 3.5C). Pure TAT
containing fractions (6-9) were pooled and dialyagginst TAT storage buffer then analysed by

western blotEigure 3.9D) or stored in aliquots at -80°C for later chaeaization.
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Figure 3.5: Analysis of purified recombinant TAT protein without fusion tags

(A) SDS PAGE: TAT protein was purified on an anion exchanger fdil QF) and eluted with NaCl
gradient. 15 pl samples per fraction were separated-18% SDS gradient gels then stained with silve
nitrate or(B) blotted and probed with anti-TAT mAb. 1-12 indiedtactions of 1 ml eluted with 10 mM- 1
M NacCl. (C) Elution profile of TAT protein purified by SE-FPL@n a Superdex 200 columfiD) Fractions
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6-9 (500 ul each) from SE-FPLC were pooled, comeged and buffer changed against TAT storage buffer
then aliquots of 5 pl and 15 pl analysed by wedndohand probed with anti-TAT mAb.

3.1.5 Purification of TAT fusion protein with reagents that prevent protein

aggregation

The purification of GST-TAT-His, GST-TAT, His-TAT-d and non-tagged TAT protein under
non-denaturing conditions revealed elution profeésigh molecular weight proteins in SE-FPLC.
Assuming that this was a result of protein aggiegaturing purification it was necessary to
modify the purification methods, since protein aggtion leads in many cases to inactivation.
Reagents such as arginine and glutamate are rdjyogecurate in hindering protein aggregation
(Shiraki et al., 2002). In the underlying work, using 5-10 mM arge and glutamate as
supplements in lysis-, washing-, and equilibratoarffers partially reduced aggregation. However,
it led to a rapid degradation of the recombinani Tpkotein.

Also, a commercially available solution of shorgauchains called NV10 (Novexin, UK) was used
to prevent aggregation of TAT fusion proteins dgrpurification. These short carbohydrate chains
supposedly, can block protein moieties which hdestendency to aggregate, thereby preventing
protein aggregation. In the first step, purificatiof the GST-TAT-His protein by nickel affinity
chromatography with NV10 in lysis-, wash- and antbuffers yielded high amounts of apparently
monomeric protein as detected in SDS PAGIgre 3.6A). However, this protein became more
rapidly degraded than those purified without NV1Otlhe buffers. This was consistent with the
elution profile and yield of the protein during gication by SE-FPLC. Only a small amount of the
protein still in aggregate form was eluted at 9.4retention volume. Compared to the protein
amount applied on the SE-FPLC this was a very logidy A second peak corresponding to
relatively high amounts of protein of molecular seslower than 6 kDa could be detectedure
3.6B). Analysis of the other TAT constructs revealddritical results, making these reagents not
suitable for use in the purification of TAT proteffractions collected from SE-FPLC and analysed
by SDS PAGE revealed a small amount of the prasiaggregates and a large amount of smaller

fragments Eigure 3.6C).
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Figure 3.6: Analysis of GST-TAT-His purified with reagents that reduce protein aggregation

Buffers used in all purification steps wesepplemented with NV10 at the ratio 1:10 (100 Wi/ifA) SDS
PAGE: After Ni**-affinity chromatographyl5 pl proteins/ fraction were separated on a 129 g8l and
stained with coomassie. In= cytosolic fraction, Edare fractions eluted with 200 mM imidaz(®) SE-
FPLC: Pre-purified GST-TAT-His protein was cast on a Sdpg 200 column and purified by SE-FPLC
with buffers containing NV10 and fractions of 50Dqollected.(C) SDS PAGE after SE-FPLC 15 pl
aliquot per fraction was analysed by SDS PAGE aaithad with silver nitrate.

3.2 Expression and purification of TATGFP in stably transfected CHO cells

The cloning of TAT cDNA into the pEGFP-N1 vector iafh enables the expression of protein with
a C-terminal GFP-tag in mammalian cell lines wasal@s described under section 9.1.1.3.
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Transfection of the TAT-pEGFP-N1 in CHO cells amtkstion of stable clones was achieved over
a period of three weeks with 600 mg/L neomycin.eSild clones were controlled by flow
cytometry Eigure 3.7A) and fluorescence microscopy which revealed tioéen predominantly in
the nucleusKigure 3.7B). Although the expression of recombinant protaimammalian cell lines

is generally low, about 30 pg of the protein cdutdpurified from 10 large (& 15 cm) culture plates
of confluently grown CHO-TATGFP cells. The recomdoih TAT protein with C-terminal GFP-tag
was purified by immuno-affinity chromatography anmobilised anti-GFP mAb and eluted by pH
shift with 50 mM Diethylamine, pH 10.8. Eluted peot fractions were pooled and concentrated,
then analysed by SDS PAGE and western blot. Theuimwapurified protein was relatively pure
and ran as a monomer of 36 kDRigure 3.7C). Further purification by SE-FPLC was not
performed to avoid protein loss. The protein wasest at -80°C for later characterization.

B
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Figure 3.7: Expression and purification of TATGFP potein in CHO cells

(A) Flow cytometry: The level of expression of the TATGFP proteirsédected clones was analységl)
Fluorescence microscopylimages of a stably transfected CHO-TATGFP (clohewv8re made under a
fluorescence microscope at a 40x magnificati@). SDS-PAGE and Western blot: TATGFP protein
purified by immuno affinity chromatography were bsad by SDS PAGE and stained with coomassie
solution or blotted and probed with anti-TAT mAb.
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3.3 Expression and purification of TAT protein in Sf9 cells

3.3.1 Cloning, preparation and analysis of TAT-recombinarn baculovirus

The HIV1-TAT1-86 cDNA was cloned in the pFastB8¢dector as described in sectiérl.1.2
and recombinant viruses for the protein constrirctgure 3.8A were preparedAfter transfection
the primary recombinant baculovirus stocks in thituce medium were harvested and used for viral
amplification. Cell pellets from the transfectiaes were lysed and the protein analysed by western
blot. In all the samples TAT protein could be de&tdc(result not shown). After the first viral
amplification the cells infected with the TATHiscambinant baculovirus showed no further
expression of the TATHis protein. This was strasgee the initial transfected cells revealed the
expression of the protein. After repeating the prapon of bacmid, transfection and viral
amplification three times it was clear that thelébr an unknown reason could not express the
TATHis fusion protein. Opposed to this, express@nthe untagged TAT §9-TAT) and the
TATV5His bearing a V5-epitope tag between the TAl ghe 6x His tag, were possible even after
the second viral amplification. An analysis of tleeombinant viruses also revealed that for some
reason the TAT gene in the TATHis construct was thsing the viral amplification stegrigure
3.8B). Briefly, 1 ml of the primary viral stocks and thiest amplifications were treated with SDS
and Proteinase K. The bacmid DNA in the virus weshtpurified with the Zymoclean DNA clean
and concentration kit and the eluted bacmid-DNAduse template for PCR with the primers For-
pBAC vir and Rev-pBAC-vir as indicated under sect®l.14.6

As detected on agarose gels, the TATHis DNA isgmes the primary virus stock, but completely
lacking in the first amplification sample. For tB®-TAT and TATV5His constructs the DNA was
detected both in the primary viral stock and fastplification and was therefore suitable for use in

expression of the respective fusion proteins iedhsells.
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Figure 3.8: Expression of TAT fusion protein inSf9 cells

(A) Schematic representation of the TAT protein comssrexpressed iff9 insect cells and the given hames
used in this work(B-D) Analysis of recombinant baculovirus: bacmid DNk the different constructs were
purified from the recombinant baculoviruses andfiest by PCR and agarose gel electrophoresis fer th
presence of the TAT cDNAB) TATHis, (C) TATV5His, (D) S9-TAT. M: 1 kb DNA ladder, buffer”:
negative control without template DNAyimary virus: viral stock after initial transfectiorpFastbaci.:

shuttle vector used in the preparation of bacmasiffve control for PCR)1st Amp: first amplification of

primary viral stock.

3.3.2 Expression of recombinant TAT protein in Sf9 cells

9 cells at a density 2 x ¥€ells/ml were cultured in serum-deficient mediund amfected with the
S9-TAT, TATHis and TATV5His recombinant baculovirusésen cultured at 27°C for 3 days.
Harvested cells were stained anti-TAT mAb and CgBpegated anti-mouse 1gG then analysed by
flow cytometry and fluorescence microscogigure 3.9). In five independent assessments by
FACS, the cells revealed high expression levekh®&9-TAT, whereas only very low amounts of
the TATV5His protein were determined. The TATHissw#ot expressed at all by the cells, which
was consistent with the fact that the recombinacubovirus lost the TATHis recombinant bacmid

as shown earlier by PCR analysis.



Results I: Expression, purification and characteriation of HIV1-TAT | 50

Fluor nce micr
Flow cytometry uorescence microscopy

BF

= FL
=
ol ' /-"\
< f-\
i ~ = TATVSHis
§ o A
(=] =
L]
=
T LT T T e
FL1-H 3
Key Sf9-TAT
’ ™, f o ’
- TATHis — v 3
- TATV5His N
- SfO-TAT e

Figure 3.9: Analysis of TAT and TATV5His expressionn Sf9 Insect cells

(A) Flow cytometry: Uninfected cells and cells infected with the expve baculoviruses for 72 h were
stained with the anti-TAT mAb and Cy3 conjugatetl-amouse IgG and analysed on a FACs scan. A tétal o
10000 events were score@B) Fluorescence microscopy:Stained cells were visualized under a
fluorescence microscope (Zeiss) at 40x magnificasiod images made with the Axio-cam. BF: brighitfie

FL: fluorescence.

3.3.3 Puirification of Sf9-TAT and TATV5His protein from Sf9 cells

The purification of untagged TAT protein from inseells by ion exchange chromatography on a
HiTrap Q FF anion exchanger and SE-FPLC was urataesonditions as described earli&i (4.
Despite the relatively high expression of the pgrotenly a small fraction was purified to
homogeneity by combining ion exchange chromatograpid SE-FPLC. The final yield of tIgo-
TAT protein was 140 pg / 500 819 cells (2 x 16 cells /ml).

The TATV5His protein was purified in two steps bifNaffinity chromatography and SE-FPLC as
reported earlier for the His-TAT-HiS(1.3. After Ni**-affinity purification moderate amounts of
the partially pure protein could be detected by SIXSSE and western bloFigure 3.10A-B). A
further purification by SE-FPLC yielded pure TATVEHrotein. In this case as well, the retention
volume of the TATV5His protein corresponded to 1@4¥a (Figure 3.10C). Fractions containing
the pure TATV5SHiIs protein from SE-FPLC were poodd dialyzed against TAT storage buffer
and analysed by western blot. The pure proteindcbel seen predominantly as a 14 kDa protein
with a fainter band of about 12 kDa. The rest a# firotein was stored at -80°C for further

characterization.
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Figure 3.10: Two step purification of recombinant TATV5His protein from Sf9 cells
(A) Fractions (15 pl) eluted from Niaffinity column were analysed by SDS PAGE andnetdiwith silver
nitrate or(B) blotted and probed with anti-TAT mAb. E1-E5: eduifractions.(C) Elution profile of
TATV5His from SE-FPLC.(D) Western blot analysis of TATV5His after SE-FPLCS il of the
concentrated TATV5His protein were either denaturgdboiling with reducing sample bufféin) or mixed

with non-reducing/ non-denaturing sample buff§rand analysed by western blot.

Summary I: Expression and purification of recombinant TAT protein

The expression levels of HIV1-TAT fusion proteinaried in all cell systems used. Coupled with
this, the presence of fusion tags and the purioanethods played a role in the yield and purity o
the fusion protein. The relative expression andfigation yield for each construct is givenTiable

3.1

Table 3.1: Expression and purification of recombinat TAT protein

Cell system Construct Relative expression level Fahyield

E. coli GST-TAT high, ca. 5-8 mg/L 570 ug/L
GST-TAT-His high, ca. 6 -10 mg/L 800 pg/L
His-TAT-His high, ca. 3-5 mg/L 200 pg/L
TAT high, ca. 5-6 mg/L 120 pg/L

Sf9 TATHis no expression
TAT high, ca. 2 mg/L 140 pg /500 ml 2¢t0ml
TATV5His low, ca. 1 mg/L 80 pg /500 ml 2x%0ml

CHO (Epithelial) | TAT (pC63.4.1 Vector) | no detection no detection
TATGFP (Stable) moderate low (30 pg/ 10x @15 cm

plates)
HelLa (Epithelial) | TAT (stable) very low
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3.4 Characterization of purified recombinant TAT protein

The purified recombinant TAT protein have low endobxin levels

Traces of endotoxin could be highly toxic to cedfisd tissues of mammalian origin thereby
falsifying test results, when carried out with aimtnated protein on mammalian cell lines.

In order to evaluate the biological activity anéeet of the TAT fusion protein on the differentlicel
lines CHO-CXCR4-GFP, Hek293-CXCR4GFP, Jurkat andCBUCAT, it was necessary to avoid
the influence of protein contaminants such as endias which are usually co-expressed in high
amounts byE. coli. In this work the levels of endotoxin in the piatsolution were evaluated with
the commercially available endotoxin detection(lkdenscript). The assessed endotoxin levels are
given in the table below. The endotoxin levelsha final protein solution were all in the range of
0.1 EU/ug and 0.08 EU/ug Protein. The acceptabld fer intravenous injections of plasmid DNA
is 0.1 EU/ug (Ferreirat al., 2000) and 5 EU/Kg weight of recipient for recomdmt proteins
(Petsch & Anspach, 2000). Except for the GST-TA®Gt@n, the endotoxin levels in all the

purified protein samples were under the accepiahlefor use in cell culture assays.

Table 3.2: Evaluation of Endotoxin content of purifed recombinant TAT protein.

Endotoxin concentration in EU/ug protein
Sample Lysate | Flow- through| Wash (pooled) | Eluates (before FPLC) after FPLC (pded fractions)
GST-TAT-His |197.742| 204.46 190.852 0.258 0.0805
GST-TAT - - - - 0.175
His-TAT-His |- - - 0.405 0.0868
TAT10xHis* - - - - 0.0821

*The TAT10xHis with a c-terminal deca-His fusiongtavas purified fromE. coli by our co-operation

partners Dr. Eva Tauberger and Jacobo Martinez thengroup of Prof. Saenger (FU-Berlin).

3.4.1 Evaluation of the biological activity of purified recombinant TAT protein

Purified recombinant-HIV1-TAT protein is highly steptible to proteolytic degradation, oxidation
and thermal and light inactivation. Added to th&ssors, the readiness of the protein to aggregate
also contributes to the loss of its biological atyi in vitro. Biologically active TAT protein has a
series of roles which can be exploited in deterngnihe activity of purified recombinant-TAT
protein. HIV1-TAT is the only transactivator of fiscription found in HIV. As such, it binds to the
HIV 5’-long terminal repeat (LTR-) promoter founa all viral transcripts and transactivates their
expression. In this work the ability of purifieccoanbinant TAT-protein to induce the expression of
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chloramphenicol acetyl transferase (CAT), undercitrol of the HIV-LTR promoter in the HelLa
cell line HLCD4CAT was evaluated.

3.4.1.1 The purified recombinant TAT-protein transactivate the viral LTR promoter

HeLa cell lines carrying a stably cloned CAT gemeler the control of the HIV-LTR promoter
were treated with purified recombinant TAT proteias described elsewhere. The cells were
harvested and evaluated for the expression of Cditem by use of the commercially available
CAT-ELISA kit.

The amount of CAT expressed per / ml / ug TAT protesed is given ifrigure 3.11 The purified
GST-TAT-His, GST-TAT and TAT10xHis protein revealéue highest transactivation capacity.
His-TAT-His fusion protein purified under the samenditions as GST-TAT-His was less active
than equivalent concentrations of the latter. TA& Pprotein from Immuno-Diagnostics (TAT +ve)
which served as a positive control revealed highemsactivation ability than the His-TAT-His,
TATGFP, S9-TAT and TAT10xHis. However, the GST-TAT-His ancet&ST-TAT protein had
higher transactivation abilities than this positoantrol. The TATGFP expressed in CHO cells and
the SYO-TAT protein expressed 99 cells both had low yields. Nevertheless, they dostill
activate the HIV-LTR and induce CAT expression. @aned to this, the commercial T4yls;
peptide was unable to fully activate the HIV LTRhiah is in accordance with the fact that
recognition and binding of the HIV transacting r@sge element on the LTR and activation requires

other domains of the TAT protein.
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Figure 3.11: Quantification of TAT-induced expressbn of chloramphenicol acetyl transferase

The Hela cell-line HLCD4CAT were treated with ecalent amounts of the respective recombinant protein
then evaluated for the expression of CAT after 48rb. The mean values of 4 independent assays *
standard deviation are given in the bar diagram.T(F&e) (TAT1-86, Immuno-Diagnostics USA),
TAT10xHis A/G: TAT10xHis in buffer supplemented Wwiairginine and glutamate, TAT47-57: TAT peptide

from Genscript (negative control).
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3.4.1.2 Purified TAT protein influences CXCRA4-localisationin stably transfected cell lines
3.4.1.2.1 Analysis of CXCR4GFP expression in CHO and Hek293ell lines

The human CXCR4 variant Il cDNA was cloned in theG#FP-N1 vector as described under
methods sectio®.1.1.4 The CXCR4-pEGFP-N1 plasmid was transfected in Ckid Hek293
cells in parallel. Selection of stable clones wesi@ved over a period of two weeks with 600 mg/L
and 500 mg/L neomycin for CHO and Hek293 cells eetipely. Analysis of selected clones by
flow cytometry, fluorescence and confocal microggopevealed a uniform expression of the
CXCRAGFP protein. According to results from flowtayetry, the expression of CXCR4GFP in
CHO is not as high as in the Hek293 cells. Howe@4CR4 expression in all the selected CHO-
clones is more uniform than in the Hek293 clonegyre 3.12A and E). The Hek293 clones
showed a mixture of cells with very strong expressand some cells with low levels of
CXCRA4GFP Figure 3.1ZE). The expressed CXCR4GFP protein was locatecopratantly on the
cell membrane with a minor fraction seen in vesicRelatively high amounts of the protein were

also detected in western-blot analysis with the @RP mAb Eigure 3.123).
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Figure 3.12: Analysis of stably transfected CHO-CX®4GFP and Hek293-CXCR4GFP cell lines

(A) Flow cytometry of selected CHO-CXCR4GFP clon@). Fluorescence microscopy: Clone 9 of the
CHO-CXCRA4GFP cell lines was fixed on culture slideashed once with PBS and visualized at a 40 fold
magnification and images mad€) Confocal laser scan of CHO-CXCR4GFP clone 3 imaaea 63-fold
magnification.(D) Western blot analysis of solubilised CXCR4GFP @rot(5 ul lysates /lane) Numbers
indicate selected clones 3, 7, 9 and 10. Probing gane with anti-GFP mAb. The selected Hek293-
CXCRA4GFP clones were also analysed by the sameodsetind presented G respectively.

3.4.1.2.2 Purified TAT protein causes vesicular accumulatiorof CXCR4GFP

The stably transfected CHO-CXCR4GFP and Hek293- RAXGFP cell lines were treated with
different recombinant TAT proteins and cultured &8 h then assessed by flow cytometry and
confocal microscopy. Controls were done with GSatgin, the short TAT47-57 peptide and PBS.
Analysis by flow cytometry revealed no significarfitange in the level of CXCR4GFP expression
in the cell lines after application of the diffetéPAT fusion proteins. However, assessment of the
cells by fluorescence and confocal microscopy rexkaa significant accumulation of the
CXCRAGFP protein in vesicles following treatmentoafls with some of the recombinant-TAT
constructs. Compared to the PBS- and TA¥ treated Hek293-CXCR4GFP cell lines, vesicular
accumulation of CXCR4GFP was quite significant élictreated with GST-TAT-His, GST-TAT,
TAT (Immuno-Diagnostics) anff9-TAT (Figure 3.13A). Opposed to this, treatment of the CHO-
CXCRA4GFP cell line with different TAT fusion prote revealed a less significant effect of TAT
on the cellular distribution of CXCR4GFP. A sigodint vesicular accumulation of the CXCR4GFP

protein in CHO cells was only seen with TAT (ImmeD@gnostics) an®&9-TAT (Figure 3.138).

A Hek293-CXCR4GFP
PBS TAT47-57 GST-TAT-His

GST-TAT

B CHO-CXCR4GFP

PBS TAT
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Figure 3.13: Effect of TAT on the distribution of CXCR4GFP in transfected CHO and Hek293

Stably transfected CHO and Hek293 cells were tceatgh TAT protein then washed and imaged by
confocal laser scanning at a 63-fold magnificatibAT (Immuno-Diagnostics)d9-TAT (59 cells), GST-
TAT-His and GST-TAT E. coli), TAT47-57: TAT peptide (Genscript).

3.4.2 Effects of recombinant TAT protein on binding and nhibition of human-DPPIV
3.4.2.1 Recombinant TAT did not bind DPPIV in pull-down, immunoprecipitation or SPR

To investigate the binding of DPPIV and TAT, theambinant TAT fusion proteins expressed in
E. coli andSf9 cells and used in pull-down and immunoprecipita@ssays or purified and used to
verify their binding ability to DPPIV in SPR tests.

In pull-down assays, the GST-TAT-His and GST-TADtpins were immobilized on Glutathione-
Sepharose in batches and incubated for 30 min, B0amd 90 min with lysates d&9 cells
expressing the human-DPPIV protein or with purifledman-DPPIV protein. Unbound proteins
were washed out and the bound protein fractiong wealysed by SDS PAGE and western blot and
probed with anti-DPPIV pAb. In all the tests contatc (n=4), there was no detection of bound
DPPIV in the analysed resins, but rather in thehafaactions. Likewise, immobilizing DPPIV on
anti-DPPIV antibody did not pull-down detectablecamts of any of the recombinant TAT proteins
from lysates of TAT-expressirtg coli or 9 cells.

The ability of purified HIV1-TAT fusion protein tbind to human-DPPIV was further investigated
by surface plasmon resonance analysis. All theméamant TAT proteins analysed (see section
9.4.1) did not bind to purified human-DPPIV thatsnenmobilized on CM5 or C1 sensor chip, but
rather precipitated on test- as well as controlscef the sensor chips. This was not due to the
affinity of the TAT protein to the dextran film dhe surface of the CM5 sensor chip, since the TAT

proteins also precipitated on the C1 sensor chighwviacks the dextran film on its sensor surface.

3.4.2.2 Recombinant TAT retards the cleavage of a chromogeéc substrate by DPPIV

It was verified whether recombinant TAT protein hwitarying fusion tags will inhibit DPPIV
activity and if salt conditions played a role instleffect of TAT protein on DPPIV. In the initial
experiments, the commercial whole length HIV1-TAmtgin (TAT 1-86, Immuno-Diagnostics)
was used. The commercial TAT protein was detectedgminantly as monomer on SDS PAGE
and western blot with a few aggregat&sg(re 3.14C). The human-DPPIV protein used was
purified from &9 cells and analysed by SDS PAGE and western blw. réduced DPPIV protein
runs as a monomer at 96 kD&igure 3.14A) and under non-denaturing and non-reducing
conditions, as a homodimer between 150 kDa anckD@8(Figure 3.14B).
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The proteolytical cleavage of 100 nM of the chroertg substrate H-Gly-Pro-pNA-HCI (Bachem)
by purified DPPIV at different salt concentratiomsth or without addition of 50 nM final
concentration of TAT protein was determined photoicaly. In the absence of TAT protein,
different NaCl concentrations in the reaction samgdid not influence the cleavage of the
chromogenic substrate by DPPINidure 3.14D). However, in the presence of 50 nM TAT protein,
DPPIV activity was reduced in a salt-dependent rearend increased with decrease in salt
concentration. At NaCl concentrations between 10 raWd 40 mM, the cleavage of the
chromogenic substrate by DPPIV was reduced to aBOwt0% within the first 5 min. In the
absence of NaCl, TAT protein showed no effect labmalthe enzyme activity of DPPIV. Incubating
the reaction mixtures for longer periods than 5 resulted in a complete cleavage of the substrate,
such that similar DPPIV activities were determineaspective of the presence of TAT protein.
Opposed to the untagged TAT protein, addition otaup00 nM purified GST-TAT-His and GST-
TAT fusion protein in DPPIV reaction assays did affect the enzymatic activity of DPPIV. With
50 nM of the His-TAT-His, TAT10xHis an&9-TAT protein detectable but very low inhibitions
were detected (result not shown).
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Figure 3.14: Effect of recombinant TAT on the enzyre activity of DPPIV
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(A) SDS PAGE and western blot analysis of purifiedPPIV. 10 uIDPPIV proteins / lane were analysed
after purification by immuno-affinity chromatographT: flow-through, W1 /W2: wash, E1-E5: fractions
eluted with 50 mM Diethylamine pH 10.88) Native PAGE of DPPIV protein after size exclusin
FPLC. 5 ug protein / fraction collected from the Superd0 column were analysed under non-denaturing
and non-reducing conditions and stained with silitnate. Numbers refer to elution fractions, Pyil5of
pooled fractions after protein concentrati¢@) SDS PAGE and western blot of TAT.A 2 ug aliquot of
the purchased TAT protein was separated on 4-16% @Bdient gels and stained with coomassie ordalott
and probed with anti-TAT mAKD) Influence of TAT protein on DPPIV enzyme activiy. DPPIV was
incubated with 100 nM substrate at 37°C for 5 mihez without TAT protein or with 50 nM TAT protein
per test, at different salt concentrations. Théneiibn was measured at 405 nm and used in detergiihe

specific DPPIV activity given in U/mg in the baladram.

3.4.2.3 Recombinant TAT retards the cleavage of natural sistrates by DPPIV

The chromogenic substrate H-Gly-Pro-pNA-HCI usedhie above assay is not a natural substrate
of DPPIV. However, the inhibition tests conductedhwthe substrate provided appropriate salt
conditions at which TAT protein reveals significanhibition effects on the enzymatic activity of
human-DPPIV. Subsequent investigations on the efetiIV1-TAT protein on the cleavage of
natural substrates by purified human-DPPIV proteere conducted at 37 mM salt concentration.
For this purpose, naturally occurring substratefiwwhan-DPPIV such as glucagon-like-peptide 1
(GLP1;.3¢), Neuropeptide Y (NP¥3¢ and glucose insulinotropic polypeptide 1 (GJR were
used. These substrates do not give a colour chahga cleaved by DPPIV, but the difference in
the masses of cleaved and uncleaved form could dterrdined by MALDI-TOF mass
spectrometry. For all the substrates used, an itigmbeffect of the HIV1-TAT protein on DPPIV
enzyme activity could be detected. The best spéxiveever, were got with GLP1. GLR% has a
mass of 3296 Da. When cleaved by DPPIV it becomes¢sidues shorter, (GLERJs) with a mass

of 3088 Da. With the use of MALDI-TOF MS, spectré aleaved GLP{ 35 versus uncleaved
GLP1;.35 were measured and their intensities comparedfateint time points of cleavage.

In initial assays without TAT protein, 16 nM DPPRobuld cleave 31.25 pM GLP1 within 5
minutes, so that only the spectrum of cleaved Gwag determinedRigure 3.1%A). With 1 uM
TAT protein (Immuno-Diagnostics) in the assay migtuabout 60 % of the substrate was still
uncleaved after 5 minutegigure 3.13). TAT protein however only induces a retardatairthe
cleavage of GLP1 by DPPIV, since almost all thestnalbe was cleaved after 15 minutes. With 2-4
UM TAT protein the inhibitory effect was not remabty different from that determined with 1 uM

TAT (result not shown).



Results I: Expression, purification and characteriation of HIV1-TAT | 59

A Zy104 E N DPPIVglp1: 0 min
k5 ] g
£ 15 7 N
(0] ]
2
g 1.0 7 g
Q 1 N~
o4 E -
0.5 3 g
1 I}
0.0 7 e
x104 2 DPPIVglp1: 5 min
= i 3
z 06 8
g
£ 04 7 10
[0 b [Te}
> 4
s 027 8
S ] S
0.0, = :
. x104 3 g DPPIVglp1: 10 min
‘@ 3 2
0] E 3
£ 107
® 3
2 E 8
© - 0
g %2 ¢
: an
x18# E 8 DPPIVglp1: 15 min
> 3 s}
S 3
£ 0.3
2 0.2 °
= ©
< 0117 &
o 0 Lok 4 F
2250 2500 2750 3000 3250 3500 3750 4000 4250 4500
B é\x105 ] DPPIVglp1 1 uM TAT: 0 min

3296.665

Relative Intens
o RN RN
o o o

1 1 1

D
O
o
] 2
4 o
. (3]
A
! E 2 :
% E < 8 DPPIVgIp1 1 pM TAT: 5 min
£ 1.00 7§ g S
2 3
= 3 @
5 0.50 1
o 3
3 Ao
0.00, =
x104 3 Q
] L .
2 2.0 7 < DPPIVgIp11 uM TAT: 10 min
2 : 8
g 1.5 73 ©
c 1 Yo
= 3 Yo
Qo 1.0 7 ©
i = 8
S 05
x .
0.0 7
x10% 3 &
2 5 7 o DPPIVgIp1 1 pM TAT: 15 min
‘» ] ©
5 417 =
= 3 7 @
[) E o]
= 2 3 0
© ] <
[0) 1 = N
* ' b
0 . " '

2250 2500 2750 3000 3250 3500 3750 4000 4250 4500 n;/zl

Figure 3.15: Mass spectra of GLP1 during cleavageytDPPIV
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(A) DPPIV cleavage of GLP1 in the absence of TATL6 nM DPPIV was incubated with 31.25 uM GLP1
for 15 minutes at 37°C in 100 pl assay buffer pbi 8ontaining 37 mM salt. 5 ul aliquots were rentbve
every 5 min and mixed with 0.5 pl 1% TFA to stop tieaction then used to determine the mass spafctra
GLP1 by MALDI-TOF MS.(B) DPPIV cleavage of GLP1 in the presence of 1 UMAT. DPPIV assays

were conducted under same conditions with 1 pMfipdriT AT added in each test.

3.4.2.3.1 Recombinant Sf9-TAT, TAT10xHis and His-TAT-His retard cleavage of GLP1 by
human-DPPIV

The untagge®9-TAT protein purified fromS9 insect cells and the TAT10xHis and His-TAT-His
protein fromE. coli significantly retarded the cleavage of GLP1 by DPFAt time 5 min and 10
min there was still uncleaved GLP1 in the reactmixtures. With reference to the control
experiments reported above, 16 nM purified DPPIW cleave 31.25 uM GLP1 within 5 minutes.
Addition of 1 uMSO-TAT resulted to about 40% of uncleaved GLP1 (ng&286) after 5 min and
about 10% after 10 mir{gure 3.16A). The TAT10xHis as well led to the accumulatidnabout
35% of uncleaved GLP1 in the reaction mixture aitenin Figure 3.16B).

With reference to reports that the amino-terminaX-Rro sequence of TAT is responsible for the
inhibition of DPPIV enzyme activity, the GST-TAT-$JiGST-TAT and His-TAT-His proteins with
N-terminal GST or His-tag are not supposed to iniPPIV enzyme activity. However, the His-
TAT-His protein showed an inhibition effect on DRPlactivity (Figure 3.16C). During
purification a relatively high level of degradatiaf the His-TAT-His protein was noticed (See
Figure 3.4). Analysing an aliquot of the His-TAT-His samplg BIALDI-TOF MS also revealed a
spectrum of a 6.6 kDa protein fragment (result stedwn), which might be responsible for the
inhibitory effect seen in this sample. The GST-THIE and GST-TAT did not show significant
retardation of the cleavage of GLP1 by DPPIV.



Results I: Expression, purification and characteriation of HIV1-TAT | 61

>

+1 pM Sfo-

x104 -
1 DPPIV glp1 +1 uM SfO-TAT, O min
2 4 b=
£ =
g ] =
E .
2 1
£ ]
= ]
& ]
(o) ] et & .
4
X107 ] DPPIV gip1 +1 pM SfO-TAT, 5 min
1.0 4 e
] s
] S
= . 2
£os5 S
= g >
2 ] &
i I
k] ]
o. ] .
x10 E DPPIV gip1 +1 uM SfO-TAT, 10 min
] =
1 S
§0.75 E §
5 ] P
= ]
= 0.5 4 o
@ 3 o~
= ] <
=B E 159
K] J Nd
o 3
0.0 3
x104
DPPIV glp1 +1 pM SfO-TAT, 15 min
- ~
=
= 4 g
@B o
E -
= ~
s 2 A 5
= 8
2 T &
o 4 .
T R T T
500 1000 1500 2000 2500 3000 3500 4000 4500
m/z
B + 1 uM TAT10xHis (E. coli)
x105 | DPPIVgIp1 1 uM TAT10xHis: 0 min
= 0.8
g .
= 0.6 T
= i
o 0.4 -
0.2 -
0.Q 3 — - -
x 10 DPPIVgIp1 1 pM TAT 10xHis: 5min

1.0
= 0.8

DPPIVgIp1 1 uM TAT 10xHis: 10 min

a0

X
-
5%

Rel. Intensi
O O O
N A O
| I T
3087.565 ?—3087,587
g 3295573

Rel. Infensity
© o0 oo
N A O 0
PR I

3295.523

DPPIVgIp1 1 pM TAT10xHis: 15 min

X
0 -
®»o%

© 0
A O
N B B R

Rel. Infensity

ot
N

L 308755
4 3285519

o
o

L

T L e e S L B e L S BN R e e e T T T T

1000 1500 2000 2500 3000 3500 4000 4500 /
m/z

a
o
o



Results I: Expression, purification and characteriation of HIV1-TAT | 62

C +1 pM His-TAT-His
x10* E DPPIV glp1 +1 pM HTH, O min
[
5 <
= K
S a =
s
=
< 3
=
T 2
oc
1
o A
x10% 3
2.5 8 DPPIV glp1 +1 pM HTH, 5 min
ES
=2° =
>
515 -
= S
210 S
= &S
>
o 0.5
0.0 al
x10%
= DPPIV glp1 +1 utM HTH, 10 min
a4 3 S
=1
_ S
= 39
2
=
=
. g
= 3
2 13 2
S
o
x10%
a4 3 - DPPIV glp1 +1 pM HTH, 15 min
~
o
=4
3
=
2
s 2
= oo
2 Z
5 1 <
& =4
AL
T L o o o T e e YT LT/
1500 1750 2000 2250 2500 2750 3000 3250 3500 3750

m/z

Figure 3.16: Effect of purified TAT fusion protein on the degradation of GLP1 by human-DPPIV
(A) DPPIV cleavage of GLP1 in the presence of 1 #MTAT protein.(B) DPPIV cleavage of GLP1 in the
presence of 1 uM TAT10xHis proteifC) DPPIV cleavage of GLP1 in the presence of 1 uMFAI-His

protein.

Table 3.3: Overview of the effect of TAT protein orthe cleavage of GLP1 by human-DPPIV

Inhibitor Relative inhibition (% of uncleaved GLP1 )

5 min 10 min 15 min 20 min
TAT (Immuno-Diagnostics) 60 30 5 0
SfO-TAT 40 5 0 0
TAT10xHis 30 5 0 0
His-TAT-His 35 5 0 0
GST-TAT-His <5% 0 0 0

3.4.3 The HIV1-TAT reveal properties typical of intrinsic ally unstructured proteins

3.4.3.1 Gel-filtration spectra reveal an intrinsically unstructured nature of TAT protein

The recombinant TAT protein generated in this woekealed the tendency to elute from gel-
filtration (SE-FPLC on a Superdex 200 column) aemdon volumes corresponding to molecular
weights which were many hundred folds higher thenactual molecular weights of the monomeric

protein. This observation was unique, irrespectivevhether the recombinant TAT was expressed
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with a fusion tag or not. The actual molecular &sgof the recombinant TAT protein ranged
between 10 and 37 kDa depending on the fusion sa&gl.uThe eluted from the Superdex 200
column at retention volumes corresponding to md&cmasses higher than 670 kDa reflects a
characteristic of intrinsically unstructured proki An overview of the characteristic elution
profiles of the GST-TAT-His K. coli), TAT (E. coli), TATV5His (§9) and GST E. coli) is
presented inFigure 3.17A-D. GST protein and other His-tagged proteins do nwet glution

profiles of such high molecular masses in geldtibn analysesHigure 3.17C).

A GST-TAT-His (Monomer: 37 kDa) B TAT (monomer: 10 kDa)
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Figure 3.17: Elution profiles of recombinant TAT protein analysed by SE-FPLC
GST-TAT-His, TAT, GST and TATV5His were purified B§E-FPLC on a Superdex 200 column. The
spectra for TAT and TATV5His are extracts from Fig8.5 and Figure 3.10 respectively.
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3.4.3.2 Electron micrographs of recombinant TAT reveal a nixture of oligomeric structures

To further substantiate the oligomeric states ef phrified TAT protein, the homogeneity of the
purified GST-TAT-His, GST and TAT10xHis was verididby electron microscopy via negative
staining. GST-TAT-His was the most stable of thestnucts purified and also revealed the highest
transactivation of the HIV LTR-promoter. It was@lhe largest (37 kDa) of the recombinant TAT
proteins purified in this work and therefore mou@able for analysis by electron microscopy.

The electron micrographs of the analysed GST-TA3-Hnd TAT10xHis protein revealed a
mixture of oligomeric states. However, the investign of TAT10xHis was only performed once
with protein purified and stored for 1 week at -85efore analysis and the results are therefore not
presented here.

The electron micrograph of GST protein revealedanm dots of the native protein and a few
aggregatesHigure 3.18A). Opposed to this, the electron micrographs oTG®AT-His revealed a
mixture of single protein particles, large proteiygregates and protein-clustefgg(re 3.18). In
samples lyophilized and stored, then resolved iteaith or without 0.05% of the detergent n-
octyl-B-D-glucopyranoside, the dots were similar to thosserved with the freshly purified fusion
protein Eigure 3.18C and D). In the freshly purified protein samplprdtein clusters” were more
significant and almost disappeared completely afterprotein was lyophilized and stored before
resolving in water for analysis. The overall obsgion was the existence of a mixture of very large
aggregates, protein clusters and other smalleomiayic states. These forms portray a characteristic
of natively unstructured proteins which likely intbange constantly and probably remain together
by weak forces during gel-filtration, resultingefution spectra of proteins with the large molecula

masses observed with TAT protein.
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A: GST (26 kDa) a few minutes after SE-FPLC
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B: GST-TAT-His (37 kDa) a few minutes after SE-FPLC
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GST-TAT-His (37 kDa) lyophilized after SE-FPLC then resolved in water
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D: GST-TAT-His (37 kDa) lyophilized after SE-FPLC then resolved in water
containing 0.05% detergent

Figure 3.18: Electron micrographs of purified reconbinant GST and GST-TAT-His protein
GST-TAT-His and GST proteins were prepared by regastaining and their electron micrographs
documented(A) GST analysed about 90 min after SE-FP{E).GST-TAT-His analysed about 30 min after
SE-FPLC.(C) GST-TAT-His lyophilized after SE-FPLC and storgd-&°C for 2 weeks then resolved in
ddHO prior to negative stainingD) GST-TAT-His lyophilized after SE-FPLC and stored-80°C for 2
weeks then resolved in ddB containing 0.05 % n-octy-D-glucopyranoside prior to negative staining.
Arrows indicate the following- S: single protein particles /units seen as wiidts, A: large, non-uniform

units of aggregates and C: uniform clusters ofginot
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Summary Il: characterization of purified recombinant TAT protein

The expression levels of HIV1-TAT fusion proteirried in all cell systems used. The purification
methods also played a role in the yield and pwityhe fusion proteins. All the protein constructs
were able to transactivate the HIV LTR-promoter amdiice the expression of CAT. However,
only the TAT1-86 (Immuno-Diagnostics), GST-TAT-HISST-TAT andSS9-TAT could influence
the localization of stably expressed CXCR4 in thenhn cell line Hek293. Tests with the stable
CHO-CXCRA4GFP cell line revealed vesicular accunoadf CXCR4GFP only when treated with
the TAT (Immuno-Diagnostics) arfd9-TAT. Furthermore, binding of immobilized TAT prateto
DPPIV in pull-down and immunoprecipitation testsravaot detected. Also, binding of the purified
TAT fusion proteins to DPPIV protein immobilized tre surface of CM5 or C1 sensor chips could
not be detected by SPR on a Biacore 2000 machiaspif2 their inability to bind DPPIV, the
purified TAT (E. coli), S¥9-TAT, TAT10xHis and His-TAT-His could retard theeelvage of GLP1
by DPPIV. GST-TAT-His and GST-TAT had no effectDRPIV enzyme activity.

The recombinant TAT proteins revealed elution pesficharacteristic of intrinsically unstructured
proteins in gel filtration. Although the spectrataibed from gel filtration were quite unique, this
uniformity was not reflected in the homogeneitytld oligomeric structures. In effect, the electron
micrographs of GST-TAT-His and the TAT10xHis reveshh mixture of different oligomeric states
which implies their existence as intrinsically unstured proteins. Repeated attempts to crystallize
the TAT10xHis fusion protein at concentrations Bxg/ml under different buffer conditions did not

yield crystals.

Table 3.4: Characterization of purified recombinant TAT protein

Cell Construct Transactivati | Influence | Binding to DPPIV | Binding to | Inhibition of the
system on activity | on (IP /Pull down) DPPIV (SPR) | activity of DPPIV
(LTR-CAT) CXCR4
E.coli | GST-TAT ++ + no no not tested
GST-TAT-His +++ + no no no
His-TAT-His + very low no no
TAT10xHis ++ very low no no
TAT ++ very low no no ++
59 TAT + ++ (Co-IP)* no +
Insect | TATV5His + no detection no not tested
CHO TATGFP + + no not tested not tested

* Detection upon co-expression of TAT and DPPIV.édailed result of the co-immunoprecipitationSi9-

TAT with DPPIV is reported under part Il of the uéts section
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4 Results II: Interaction of TAT and DPPIV in CHO and $f9 cells

4.1 Co-expression of TAT and DPPIV in CHO cells leads a DNA-

fragmentation
Transfection of human-DPPIV or HIV1-TAT in the CHEell line separately, resulted in the
successful selection of stable clones. These clgres normally in selection media and were still
viable and could express the respective proteites aforage in liquid nitrogen for over two years.
In images got from confocal laser scanning micrpgcdhe expressed human-DPPIV protein is
seen predominantly on the cell membrarig\re 4.1A), whereas the HIV1-TAT with a C-terminal
GFP-tag is localized in the nucleusdure 4.1B). Although stable transfection of human-DPPIV
and HIV1-TAT proteins separately in CHO cells werecessful, it was not possible to doubly
express them in CHO cells stably. An attempt todfact stable CHO-DPPIV clones with the TAT-
pPEGFPN1 plasmid (for production of TATGFP) led toapid death of the cells, such that no stable
CHO-DPPIVITATGFP double transfectants could be el Transiently transfecting the stable
CHO-DPPIV cell lines with the TAT-pEGFP-N1 plasnadthe pEGFP-N1 control vector (for GFP
protein) revealed DNA-fragmentation in the CHO-DPHIATGFP transient transfectants but not
in the CHO-DPPIV/GFP transfectants. DNA-fragmemtatbccurred rapidly, and could be detected
48 h after transfection of stable CHO-DPPIV cellghwthe TAT-pEGFP-N1 plasmidF{gure
4.1C). Only a portion of the CHO-DPPIV cells expressed GFP or TATGFP proteins. Despite
this, DNA-fragmentation and cell death was notrretstd to cells expressing both DPPIV and
TATGFP, but rather also occurred in neighbourintisc& his was induced by a direct cell-cell
contact of CHO-DPPIV cells with those expressinthddPPIV and TATGFP. In some cases only
the contact of the long neurite-outgrowths formey the CHO-DPPIV/ITATGFP double
transfectants with the CHO-DPPIV stable clones edUsNA-fragmentationKigure 4.1C, white
arrows). In CHO-DPPIV cells transiently transfecteith the pEGFPN1 vector which enables the
expression of GFP protein, DNA-fragmentation was deiected Kigure 4.1D). This implies that
TAT protein is responsible for the induction of DNragmentation seen in CHO-DPPIV/TATGFP
transfectants. The fact that TAT does not cause Bfdgmentation in CHO in the absence of
DPPIV (Figure 4.1B) suggests that the underlying effect of TAT proten CHO cells is dependent
on DPPIV.
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Figure 4.1: Analysis of DPPIV and TATGFP co-expresgsn in CHO cells

(A) Stably transfected CHO-DPPIV cells were stainedhwa combination of anti-DPPIV pAb/Cy3-
conjugated anti-rabbit IgG and DAPI then imagectbgfocal laser scanning at a 40 fold magnificat(@&).
Stable CHO-TATGFP cells stained with DAPI and indhgé a 40 fold magnificatiofC) The stable CHO-
DPPIV cells were transiently transfected with thATIpEGFP-N1 plasmid and cultured for 48 h then
stained with a combination of anti-DPPIV pAb/Cy3pgated anti-rabbit IgG and DAPI. Images were
made at a 40 fold magnification and an extrachefdells at a 63-fold magnification (Details). Véherrows
point at DNA fragments(D) The stable CHO-DPPIV cells were transiently traosfd with the pEGFP-N1

vector and cultured for 48 h then stained and irdag®@ilar to “C” (scale bar = 10 nm).

4.2 Co-expression of TAT and DPPIV in CHO cells leads a membrane

inversion

To confirm whether the DNA-fragmentation and cedlath observed in stable CHO-DPPIV cell
lines following transient transfection with the TAEGFP-N1 plasmid was due to apoptosis, the
early events of apoptosis were further investigatéader normal physiologic conditions the cell
membrane component phosphatidylserine, (PS) isddgaedominantly in the inner, cytosol-facing
leaflet of the membrane. During the early stagepufptosis, PS loses its asymmetric distribution in
the phospholipid bilayer and is translocated int parthe extracellular membrane leaflet. PS is a
strong binding partner of Annexin-V. Therefore, Arim-V conjugated with the fluorescent dye
Allophycocyanin, (Annexin-V APC, from eBiosciencesps used to stain the cells followed by
flow cytometry.

Analysing the cells 24-48 h after transfection edgd a lot of stained DNA, meaning that the
integrity of the cell membrane was disrupted (resok shown). This implies that the cells were
already in a later stage of apoptosis. Reducingtipeession time to 22 h led to the detection of PS
on the membrane of a small portion (8.9%) of int&4O-DPPIV/ITATGFP transfectants by
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Annexin-V APC Figure 4.2B and C). Opposed to this, the CHO-DPPIV/GFP trectsihts
revealed only 6% of intact cells with PS on thd sefface Figure 4.2C). Reducing the expression
duration to 9 h revealed a more significant port{d®.2%) of intact CHO-DPPIV/TATGFP
transfectants with PS on the cell surface implyimg onset of apoptosis in these cefligy(re 4.2A
and C). A larger portion (16.4%) of the CHO-DPPIWINGFP transfectants was doubly detected
by Annexin-V-APC and propidium iodide, which indiea a disruption of the cell membranes of
this cell populationKigure 4.2A and C). However, the disruption of the cells iis thopulation is
not a result of apoptosis alone, as it can alsdugeto the transfection reagent used. In the CHO-
DPPIV/IGFP transfectants only 1.5% of intact cektpased PS on the outer membrane after 9 h,
whereas 30% of the cells could be detected with Bemexin-V-APC and Pl which indicates the
disruption of the cells in this populatioRigure 4.2A and C). It is not clear why so many (30%) of
the CHO-DPPIV/GFP cells are disrupted. Howevergah be ruled out that this resulted from
apoptosis, since the appearance of PS on the maetbrane leaflet is not detected in this CHO-
DPPIVIGFP cell lines (only 1.5% intact cells degettwith Annexin-V-APC). A portion of the
CHO-DPPIV stable clones could also be doubly deteetith Annexin-V-APC and PI following
treatment with the transfection reagent aloReyyre 4.2A and B). An overlay of the overall
intensity of PS detected with Annexin-V-APC agairtee total number of cells, revealed
significantly higher levels of PS detection in GelO-DPPIV/TATGFP transfectants compared to
CHO-DPPIV and CHO-DPPIV/IGFP cells. This significeanevas reduced after culturing the
transfectants for 22 hr(gure 4.2A and B, overlay).

In a control CHO cell line stably transfected wahmutant of the alpha-1l-anti-trypsin protein
(CHO-A1AT), TATGFP did not induce apoptosidure 4.2C, statistical values). This implies that
the initiation of apoptosis by TAT in CHO-DPPIV tkhes is due to the presence of DPPIV.
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Figure 4.2: HIV1-TAT induces apoptosis in a DPPIV-@pendent manner

The stable CHO-DPPIV cell line was transfected WikT-pEGFPN1 plasmid or the pEGFPN1 vector then
subsequently cultured for 9 (&) or 22 h(B). The cells were harvested, washed and doublyestaivith
Annexin-V-APC and propidium iodide, then analyseuiediately by flow cytometry, whereby 15,000 cells
were gated in each case. The evaluation of thdtsesas done with the FlowJo software. The diffeseim
the intensity of cells stained with Annexin-V AP@rncbe seen in the overlay of the resu{) The
percentage of the various cell populations wasstitlly determined with the FlowJo software. Aputfc
populations in the CHO-DPPIV cells transfected witle TAT-pEGFPN1 plasmid is highlighted in red.
CHO-AL1AT: CHO cells stably transfected to express alphatitrgpsin protein was a kind gift from Dr.
Mathias Kaup of Charite-Mitte.

Summary lll: TAT induces apoptosis in CHO-DPPIV cel lines

The HIV1-TAT protein induced apoptosis in CHO cefisa DPPIV-dependent manner. This was
revealed in the appearance of PS on the cell memaboé intact cells, 9 h after transfection of
CHO-DPPIV cells with the TAT-pEGFP-N1 plasmid. Tlage stage of apoptosis was characterized
by a high level of DNA-fragmentation which could laged by confocal laser scanning

microscopy, 48 h after transfection of cells. Thepehdency of the apoptotic effect of TAT on
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DPPIV was evident in the observation that TAT cdogdstably expressed successfully in CHO cell
lines and also did not induce membrane inversioDNA fragmentation in the stable CHO-A1AT
cell line expressing a mutant of the alpha-1-amyp4in protein which was used as a control.

Due to the aggressive effect of HIV1-TAT protein DRPIV-expressing mammalian cell lines, it
was not possible to study the interaction of the HTAT with human-DPPIV in these cells.

4.3 Interaction of HIV1-TAT and human-DPPIV in Sf9 cells

4.3.1 The level of human-DPPIV is increased upon co-expssion with HIV1-TAT

To confirm whether HIV1-TAT protein has an effecgt the enzymatic activity of human-DPPIV
and whether the bulk expression of human-DPPM\hflsienced by HIV1-TAT, TAT and DPPIV
proteins were expressed separately or togeth&®inells then analysed for the presence of DPPIV
enzymatic activity and relative protein contentofmetric determination of the cleavage of 100
nM of the chromogenic substrate H-Gly-Pro-pNA-H@ DPPIV containing lysates, revealed a
higher enzyme activity in the lysates of TAT/DPPéXpressingS9 cells than in the lysates of
DPPIV being expressed alonEidure 4.3A). This was intriguing, since HIV1-TAT is a known
inhibitor of human-DPPIV. We further substantiateldether this increase in activity was due to an
overall increase in the bulk expression of humamD™Pprotein in TAT/DPPIV-co-expressing
cells, by additionally determining the protein camit of human-DPPIV in the lysates. Aliquots of
the cell lysates were subjected to polyacrylamideealectrophoresis and western blot under non-
reducing and non-denaturing conditions. The blogeweither probed with anti-DPPIV pAb to
determine the relative protein amounts or actisigined with the synthetic DPPIV substrate, H-
Gly-Pro-4-methoxyB-naphthylamide in combination with Fast Garnet GdB&onium saltKigure
4.3C). Probing with anti-DPPIV pAb revealed strongeant) intensities in TAT/DPPIV co-
expression than in DPPIV being expressed alon&etdspective expression duratiofsg(re
4.3B). The band intensities of antibody- and actiatgined DPPIV protein were determined with
the QuantityOne software. To get the relative DPRIMteolytic activity of each sample in
percentage, the quotient of the band intensity famtivity-staining and the corresponding band
intensity from western blot was deduced for eaaghpa and multiplied by 100 F{gure 4.2D).
With respect to the relative activities, it could een that the enzymatic activity of DPPIV in each
sample correlated to the level of DPPIV proteinresped. Only the TAT/DPPIV sample at 48 h
expression duration revealed a lower relative a@gtoompared to DPPIV being expressed alone for
48 h. This revealed that a very high DPPIV expmassake place in the cells which compensates
the inhibitory effect of TAT protein on DPPIVFigure 4.38, C and D). However, at 48 h



Results II: Interaction of TAT and DPPIV in CHO and Sf9 cells | 76

expression, the level of TAT in the TAT/DPPIV issalrelatively high leading to an overall

inhibition and lower relative activity at this seagf expression (sddégure 4.3D, 48 h).
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Figure 4.3: Determination of DPPIV enzymatic activiy and total DPPIV in cell lysates

(A) Enzymatic activity of DPPIV was determined in cgbates of indicated samples by photometrically
monitoring the hydrolysis of 100 nM H-Gly-Pro-pNAcH by DPPIV at pH 8.0 and 410 nm. The specific
activity of DPPIV/ug cell lysate was then deducBdch bar represents specific DPPIV activity in U/ug
lysate, derived as a mean of 3 independent expetimeS.D.(B) Cell lysates (10 ug total proteins / sample)
were separated under non-reducing and non-dengtaonditions on acrylamide gels and blotted, then
subsequently probed with anti-DPPIV pAfC) Native DPPIV protein (10 pg cell lysates /sample),

previously blotted on nitrocellulose membrane, wastivity stained using Gly-Pro-4-methogRy-
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naphthylamide and Fast Garnet GBC diazonium §@k.The band intensities of activity-stained DPPIV
protein were quantified with the QuantityOne softevand calibrated against the respective intessiti¢he
antibody-stained DPPIV protein bands in “B”. Theulkting relative activities of the samples in peteges

are presented in the bar diagram (n=3)

4.3.2 Co-expression of TAT and DPPIV alters the cell sudce expression of DPPIV in
Sf9 cells

To further verify whether the increased amount ¢fFDV expressed in TAT/DPPIV expressing
cells was reflected in its distribution on the agémbrane, non-permeabilized cells were stained
with either anti-DPPIV pAb or anti-TAT mAb and agséd by FACS. The distribution of TAT on
the cell surface was not influenced by its co-esgpi@ with human-DPPIV. Only a slight decrease
of the level of TAT protein on the cell surface wasticed after 72 h co-expression with DPPIV,
compared to TAT being expressed alofégre 4.4A). Opposed to the TAT protein, a high
amount of human-DPPIV was detected on the memb2dnk after infection of cells. This cell
surface expression of DPPIV increased progressitiély72 h post infection Kigure 4.4B).
Interestingly, 48 h and 72 h post infection, a jportof the cells co-infected with DPPIV and TAT
recombinant baculoviruses showed a stronger flgeree intensity of DPPIV protein than cells
infected with DPPIV recombinant baculovirus aloffie. verify if the variation in the cell surface
distribution of DPPIV in co-infected cells was dieeTAT and not the high titre of virus used in
such co-infections, a recombinant baculovirus, greg by transfecting pFastBacl-vector bacmid in
9 cells, was used in co-infections with DPPIV. Assesnt of the cell surface expression of
DPPIV by FACS revealed no alterations in the levklcell surface DPPIV expresselidure
4.4C).

We further substantiated whether this increaseeihstrface expression of DPPIV in TAT/DPPIV
expressing cells correlated with DPPIV enzyme &gtiDPPIV cell surface activity assay was
implemented, by incubating whole cells with 100 oiva chromogenic DPPIV substrate for 10 min
at 37°C and monitoring its hydrolysis photometiicaln accordance with the mean values from 4
independent experiments, there was a progressorease in DPPIV activity from 24 h to 72 h.
Compared to DPPIV being expressed alone the speattivity of TAT/DPPIV expressing cells
was higher at 48 h and 72 h expression. Takenliegethe determined DPPIV specific activities
correlated well with the cell surface expressiod8PIV assessed by FACBidure 4.4D).
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Figure 4.4: Analysis of TAT and DPPIV cell surfaceexpression and DPPIV activity

(A) Cells infected with TAT recombinant baculovirusora or co-infected with TAT and DPPIV
recombinant baculovirus were harvested 24 h, 48ch72 h post infection, stained with anti-TAT mAb /
FITC-conjugated anti-mouse Ab, then analysed by $ACells infected with the pFastBacl vector
baculovirus alone were stained and used as co(@pCells infected with DPPIV recombinant baculovirus
alone or co-infected with DPPIV- and TAT recombinh@aculoviruses were harvested, stained for DPPIV
using rabbit anti-DPPIV pAb / FITC-conjugated amibbit antibody and subsequently analysed by FACS.
(C) Co-infection ofS9 cells with DPPIV and the pFastBacl recombinantsvias conducted and the cells
were subsequently stained for DPPIV and analy$editi “B”. (D) Harvested cells were washed and 1000
cells / sample were incubated with 100 nM H-Gly-BMA-HCI at pH 8.0 for 10 min then photometrically
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monitored at 410 nm. The specific DPPIV activityli 1000 cells were determined from the extinction

values (n=4).

4.3.3 HIV1-TAT co-localizes with human-DPPIV in co-infeced Sf9 cells

To verify whether HIV1-TAT associates with humanfl®, S9 cells were infected with the TAT
or DPPIV recombinant baculoviruses or co-infectethwoth TAT and DPPIV recombinant
baculoviruses. The cells were harvested 48 h dr @@st infection, permeabilized with 0.3% Triton
X100 in PBS and stained with specific antibodiewamls the HIV1-TAT and human-DPPIV
proteins. Stained cells were imaged by confocakrlascanning microscopy at a 63-fold
magnification. Confocal microscopy detected the Tg®tein predominantly in the nucleus and to
a lesser extent in the cytosol and cell membrater 48 h expression. Extending the expression
duration to 72 h resulted in the translocation darger portion of TAT to the cytosol and cell
surface Figure 4.5A). This distribution was not altered nor influedce cells expressing both
TAT and DPPIV Figure 4.5C).

As expected, DPPIV protein was located predomigaattithe cell membrane after 48 h and 72 h
expressionKigure 4.5B). In TAT/DPPIV expressin@9 cells doubly stained for TAT and DPPIV,
co-association of the proteins could be monitortetthe cell surface of merged images as indicated
with white arrows Figure 4.5C).
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Fluorescence: TAT red, Nucleus blue (DAPI)

-- :
-- 72h
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Colocalization of TAT and DPPIV

72h
Nuclel (DAPI)

Figure 4.5: Localization of HIV1-TAT and human-DPPIV in Sf9 cells
S9 cells either infected with the TAT or DPPIV recamdnt baculoviruses or co-infected with both TAT

and DPPIV recombinant baculoviruses were harvestéide indicated time, then fixed on culture slided
double-stained with the antibody combination: d#iF mAb / anti-mouse-Cy3réd) and anti-DPPIV pAb /
anti-rabbit-FITC @reen). Nuclei stain was done with DAPbI(€). Images were made at a 63- or 100-fold
magnification by confocal laser scanning microsc@gy Single expression of TATB) Single expression
of DPPIV. (C) Co-expression of TAT and DPPIV. Co-associatioT AT and DPPIV protein is indicated
with white arrows.

4.3.4 Human-DPPIV and HIV1-TAT co-immunoprecipitate from co-infectedSf9 cells

The association of HIV1-TAT with human-DPPIV was rther confirmed by co-
immunoprecipitation tests. Implementing antibodigainst TAT or DPPIV, both DPPIV and TAT
protein could be co-immunoprecipitated fr&® cells after 72 h co-expressioRigure 4.6). In
control samples of single expressions, neither ecifip precipitation of TAT by the anti-DPPIV
pAb (Figure 4.6A lane 1) nor of DPPIV by the anti-TAT mAb was segigure 4.68, lane 1).
Furthermore, unspecific binding of the proteindHe protein-A-sepharose used was not detected,

implying that TAT and DPPIV undergo binding whichitiates their co-immunoprecipitation.
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Expressing the HIV1-TAT and human-DPPIV proteinpagately and using the lysates together in
co-immunoprecipitation test did not yield any bimglbetween the two proteins.
Immunoprecipitation of TAT with anti-TAT mAb alwaygielded a double band of molecular
weight 10 kDa and 13 kDa, whereby the 13 kDa baas aimost always more intensive than the 10
kDa protein band when TAT was expressed alone.nfamiing S9 cells with TAT and the
pFastBacl control virus, did not lead to a chamgie intensities of the 10 kDa and 13 kDa TAT
protein bands immunoprecipitateigure 4.6A lanes 2 and 4). Opposed to this, when TAT was co-
expressed with DPPIV, immunoprecipitation with TAF DPPIV specific antibodies yielded
predominantly the 10 kDa protein barfélgure 4.6A, lanes 5 and 7). This suggests that the TAT
protein due to co-expression with DPPIV, but nat tiigh virus titre used in co-expression is

predominantly the 10 kDa form.

A Lysate: TAT TAT/vector TAT/DPPIV

13 kDa— -

- TAT
10 kDa—» - e -
1 2 3 4 5 6 7
B Lysate: DPPIV TAT/DPPIV
100 kDa—
e o ad) e - —orry
1 2 3 4 5

Figure 4.6: Co-immunoprecipitation of human-DPPIV and HIV1-TAT from Sf9 cells

Single expression or co-expression of TAT with DPRIas performed for 72 hours, afterwards the cells
were solubilised and lysates subjected to immurapitation, (IP).(A) IP was conducted with anti-TAT
mAb (lanes 2, 4 and 5) or with anti-DPPIV pAb (lank 3 and 7). Lane 6 was control conducted with
protein-A-sepharose without antibody. TAT/vectopresents control cells co-infected with TAT and the
pFastBacl vector virus. Each immunoprecipitate sgsarated by SDS PAGE and the gels blotted and
probed with anti-TAT mAb(B) IP was conducted with anti-TAT mAb (lanes 1 andvéth anti-DPPIV
pAb (lanes 2 and 3) or with protein-A-sepharoséhat antibody (lane 4). The immunoprecipitates were
subsequently blotted and probed for with anti-DPPAb. The figure represents one of three independen

experimental results.

4.3.5 Serine-phosphorylation of TAT in Sf9 cells is reduced due to co-expression with
DPPIV

To confirm whether the double TAT protein bandsutlesl from posttranslational modifications,

we verified if TAT expressed in th89 cell system was phosphorylated. Precipitation offTA

protein from TAT- and TAT/DPPIV-expressin§9 cells with anti-phospho-serine mAb was
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achieved(Figure 4.7A, upper panel). Only the 13 kDa protein band weaeipitated by the anti-
phospho-serine mAb, opposed to both 10 kDa andDiB KAT protein bands precipitated by the
anti-TAT mAb from the same lysateSigure 4.7A, lower panel). Furthermore, only a faint 13 kDa
TAT protein band was precipitated from the TAT/DWPP$ample, suggesting that serine-
phosphorylation of the HIV1-TAT protein was reducdde to its co-expression with DPPIV.
Assuming that the level of phosphorylation of TAD§ein being expressed alone for 72 h is 100 %,
the phosphorylation level after 48 h was 59 Eig(re 4.7B). Only 22 % of phospho-TAT protein
was realized after 72 h co-expression with DPPIg-ilfecting S9 cells with HIV1-TAT- and the
control vector-virus did not influence the levelmfosphorylation of TAT protein, suggesting that
the decrease in the pool of phospho-TAT in TAT/DPBamples was not due to the high level of
virus used in co-infection, but rather due to DPPIV

To further confirm whether the 13 kDa band was ipitated due to phosphorylation and not
unspecific binding to the antibody, lysates of HIVAT protein being expressed alone or together
with human-DPPIV for 72 h were either treated watkaline phosphatase for 2 h at 37°C or left
untreated, then subsequently immunoprecipitatell thié anti-phospho-serine mABigure 4.7C,
upper panel) or anti-TAT mAl~{gure 4.7C, lower panel). The treatment of lysates with katica
phosphatase abolished the immunoprecipitation off Tpkotein with anti-phospho-serine mADb
(Figure 4.7C, lane 2 and 3, upper panel), but not with the BAT mAb (Figure 4.7C, lane 2 and

3 lower panel). The HIV1-TAT protein (TAT-BRU) exgssed in this study has only one tyrosine
residue (Y-47). Immunoprecipitation of TAT with aphospho-tyrosine mAb was not detected.
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Figure 4.7: Serine-phosphorylation of TAT protein h Sf9 cells

(A) Lysates of TAT-expressing§f9 cells harvested at the indicated time were subjetd IP with anti-
phospho-serine mAb (upper panel) or anti-TAT mAdwmgr panel). Each immunoprecipitate was separated
by SDS PAGE then blotted and probed with anti-TARIM(B) The intensities of phospho-TAT protein
bands were determined with the QuantityOne softwackcalibrated against the respective intensifieke
total protein detected with anti-TAT mAb. TAT beiegpressed alone for 72 h was taken as standatct. Ea
bar represents the relative phosphorylation leveduded from 3 independent experiments + standard
deviations as a percentage of the stand@tj.Lysates of TAT-expressing9 cells were either treated with
alkaline phosphatase (lanes 2 and 3) or left urgdedlane 1) then immunoprecipitated with the anti-
phospho-serine mAb (upper panel) or anti-TAT mAtwwm@r panel). The immunoprecipitates were blotted
and subsequently probed for with anti-TAT mAb.

4.3.6 The HIV1-TAT protein induces tyrosine-phosphorylation of human-DPPIV

To confirm whether tyrosine-phosphorylation of D?Rakes place irsf9 cells and can be induced
by TAT protein, we expressed DPPIVH® cells for 50 h and subsequently treated a podiahe
cells with the purified recombinant TAT protein, GFAT-His for 22 h. Parallel to this¥9 cells
were co-infected with TAT- and DPPIV-recombinantilaviruses and incubated for 24 h, 48 h or
72 h. IP of phospho-proteins was performed withi-glnospho-tyrosine mAb and the
immunoprecipitates blotted and probed with anti-DPPAb. A small portion of DPPIV expressed
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in 9 cells was phosphorylated on tyrosine residuescantt be immunoprecipitated with the anti-
phospho-tyrosine mAb. The level of phosphorylatias significantly increased in the TAT-treated
DPPIV samples and TAT/DPPIV expressing cells aferm co-expressior-{gure 4.8A, lanes 4
and 7 upper panel). Compared to untreated DPPINgbexpressed alone for 72 Rigure 4.8A,
lane 3), the phosphorylation of DPPIV after apglma of purified TAT protein was increased by 9
folds and that of TAT/DPPIV sample by 8 foldsdure 4.88). Co-infecting cells with DPPIV and
the control vector virus for 72 h did not lead toiacrease in the pool of phospho-DPPIV seen in
TAT/DPPIV-expressing cellsHgure 4.8A, compare lanes 1 and 7), making it evident thiatl-
TAT and not the high titre of virus used in co-exgsions is responsible for the induction of DPPIV
phosphorylation.

To further verify the specificity of the TAT effecn phosphorylation of DPPIV and also the
specificity of the antibody use89 cells were infected with DPPIV recombinant bacuias for 68

h then a portion of the cells subsequently treatgd recombinant TAT (GST-TAT-His) or GST
protein for 4 h. The cells were lysed and the lgsdtirther separated in 2 equal parts. One part of
each sample was then treated with alkaline phoapldobr 2 h at 37°C. Afterwards the lysates were
subjected to IP with anti-DPPIV pAb or the anti-ppbo-tyrosine mAb. Blotting the
immunoprecipitates and probing for with anti-DPPPAb revealed a significant increase of
phospho-DPPIV in TAT-treated samples. Treatmernhefsample lysates with alkaline phosphatase
prior to IP abolished the immunoprecipitation of BFI¥? by the anti-phospho-tyrosine mAb,
indicating that the antibody is specific for rectgm of phosphorylated proteirFigure 4.8C,
lanes 1 and 3).

Application of purified recombinant TAT protein ©PPIV expressing cells did not induce an
increase in the overall expression level of DPRB&(It not shown). It was not clear if the higher
intensity of phospho-DPPIV bands seen in the TAT?DPco-expressing cells after 72 h (note that
there was no increase in phosphorylation in the /D¥FPIV co-expressing cells at 24 h and 48 h
expression duration) was due to the bulk increasBRPIV expression previously observed (see
Figure 4.3B) or the presence of TAT in the culture medium assalt of translocation out of the
cells. Interestingly, culturing TAT/DPPIV-expresginells for only 44 h and application of purified
TAT protein to the cells and culturing for a funtheh (making a total of 48 h expression duration)
resulted in an increase in tyrosine-phosphorylatbBPPIV (result not shown). This suggests that
either extracellular TAT alone is responsible foe tinduction of tyrosine-phosphorylation or the
concentration of TAT protein in the extracellulaedium plays a role in the induction of DPPIV
phosphorylation. This is in context with the obs#ion that after 72 h co-expression of TAT and
DPPIV residual amounts of TAT protein are detectedthe culture medium which remain

undetected after 48 h co-expression (result nowsho
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Figure 4.8: HIV1-TAT induces tyrosine-phosphorylation of human-DPPIV in Sf9 cells

(A) 59 cells were infected with the indicated recombirtzaxtuloviruses. After 50 h a portion of the DPPIV-
expressing cells were treated with 2.7 nM final aartrations of the purified GST-TAT-His protein and
subsequently cultured for further 22 h. The cekserharvested, solubilised and the lysates werjected to

IP with anti-phospho-tyrosine mAb (upper panelanti-DPPIV pAb (lower panel). Each immunoprecigtat
was separated by SDS PAGE then blotted and prob#d amti-DPPIV pAb. DPPIV/vector represents
control cells co-infected with DPPIV- and the cohpFastBacl recombinant virU®) The band intensities
of phospho-DPPIV protein (in A, upper panel) wevamtified with the QuantityOne software and calibda
against the total DPPIV protein (A, lower panefelvalue of DPPIV being expressed alone for 72 & sea
as standard (=1) and the relative phosphorylatada 6f the other samples deduced as quotients edf th
calibrated band intensities and the standard. Bachrepresents the relative phosphorylation folduded
from 3 independent experiments * standard deviati@) S9 cells were infected with DPPIV recombinant
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baculovirus and cultured for 68 h then subsequemdlgted with the GST-TAT-His or GST protein and
cultured for further 4 h. After solubilisation, éatysate was divided into two equal portions anthesi
treated with alkaline phosphatase for 2 h at 37a8@e6 1 and 3) or left untreated (lanes 2 andP)with
anti-phospho-tyrosine mAb (upper panel) or anti-DPRAb (lower panel) was performed. The
immunoprecipitates were separated by SDS PAGEtel@nd subsequently probed with anti-DPPIV pAb.
The figure represents one of three independentieneetal results.

4.3.7 Human-DPPIV protein expressed inSf9 cells is O-glycosylated

Glycosylation and sialylation of DPPIV was reported play a role in its binding to cationic
peptides and proteins (Smighal., 1998). We verified the glycosylation pattern ofipad human-
DPPIV protein expressed &9 cells. After separation of the N-linked glycansefhrods section
9.4.2.1), the o-linked glycans could be deteckadure 4.9). Mass spectrometry of glycan fractions
after extraction of N-glycans revealed galactosecwhmplies its direct o-glycosidic linkage to
serine or threonine residues. O-glycosylation oPDPis poorly studied. It still remains unclear
whether this is cell-type specific and dependenth&$9 cells used for expression or an unknown
modification of DPPIV which is widely distributeéurther analysis to determine the positions of

O-glycosylation are ongoing. Furthermore, glycosgtaanalysis of DPPIV purified from the liver
of healthy Wistar rats is under process.
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Figure 4.9: Mass spectra of O-glycans isolated fromnDPPIV protein expressed inSf9 cells

The o-glycosidically linked galactose is indicateith a red arrow (n=2).
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4.4 Purification and characterization of TAT/DPPIV prot ein complexSf9 cells

4.4.1 Purification by immuno-affinity chromatography

As demonstrated above, HIV1-TAT and human-DPPIVt@ns co-expressed ifs9 cells
associated in immunoprecipitation tests conducteld @ither the antibody against human-DPPIV
or the HIV1-TAT protein. This ability to co-immunogxipitate was exploited in the purification of
the TAT/DPPIV protein complex from co-infect&® cells. Co-expression of TAT and DPPIV was
performed inS9 cells for 72 h. The cells were harvested, solsédi and lysates used for
purification of protein. Immuno-affinity chromataphy with specific antibody against human-
DPPIV antigen was performed. High amounts of plytgure TAT/DPPIV protein complex could
be eluted as detected in the elution fractions bgtarn blot analysis with anti-DPPIV pABigure
4.107A) and anti-TAT mAb Figure 4.1(B).

A W1 W2 W3 E1 E2 E3 E4 E5 E6
250 kDa —
150 kDa —
75 kDa —
B W1 W2 W3 E1 E2 E3 E4 E5 E6
15 kDa —
10 kDa — — i Sl = —TAT

Figure 4.10: Western blot analysis of TAT and DPPI\purified in complex from co-infectedSf9 cells
Lysates of TAT/DPPIV co-expressing cells were iratield on immobilised anti-DPPIV mAb for 8 h at 4°C.
Unbound proteins were washed out (W1, W2) and thend protein eluted with 50 mM Diethylamine pH
10.8 (E1-E6). The fractions were immediately ebudted with 10% volume of 200 mM Tris pH 4,5.
Aliquots (10 ug total protein/sample) of the proteiere separated by either 8% or 4-14% gradient SDS
PAGE. The gels were blotted and probed wi#t) anti-DPPIV pAb or(B) anti-TAT mAb. FT: Flow-
through.

4.4.2 Purification by size-exclusion FPLC

The TAT/DPPIV elution fractions collected from immataffinity purification were pooled and
subjected to SE-FPLC on a Superdex 200 column.€liteon profile of the TAT/DPPIV protein
revealed a retention volume with a calculated mdéc mass of 216 kDaF{gure 4.11A,
TAT/DPPIV). DPPIV being expressed alone and putifi;nder the same conditions revealed a

retention volume corresponding to 193 kOrEg@re 4.11A, DPPIV). The calculated molecular
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mass of the homodimeric human-DPPIV protein backheri76 kDa. The additional 16 kDa to the
protein backbone of DPPIV being expressed alooévsously a result of glycosylation.

The crystal structure of TAT nonapeptides in compleh DPPIV revealed that each homodimeric
DPPIV binds two TAT peptides (Weihofest al., 2005). Based on this report, the calculated
molecular mass of the TAT/DPPIV protein complext®/.8 kDa, assuming that TAT protein is
10.9 kDa. The additional 18.2 kDa implies the pnegeof oligosaccharide side chains and other
modifications.

Silver stained SDS-gradient gel revealed both DPBAd TAT protein bands in the eluted
TAT/DPPIV protein fractions Kigure 4.11B). After concentrating the TAT/DPPIV protein
complex to a final concentration of 4.2 mg/ml, thetein could be detected as a heteromeric

complex under non-denaturing and non-reducing ¢amdi Figure 4.11C).
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Figure 4.11: Purification of TAT/DPPIV protein complex by SE-FPLC

Fractions of TAT/DPPIV protein, which was pre-piedf by immuno-affinity chromatography were pooled
and further purified by SE-FPLC on a Superdex 26uran. (A) Elution profiles of TAT/DPPIV and
DPPIV protein.The standard linear regression curve was genebgtetbtting the log of the molecular mass

of different calibration proteins against theirerion volumes (see inset). Components of theiljedtfon
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standard (Bio-Rad) were: thyroglobulin (670 kDa&jglobulin (158 kDa), ovalbumin (44 kDa) and
myoglobin (17 kDa)(B) Fractions of 500 ul were collected from the maiakpas indicated on the elution
profile (F10-F16). Aliquots (15 ul / fraction) die TAT/DPPIV protein were denatured by heatingSfonin

at 98°C with reducing sample buffers and separated 4-20 % SDS gradient gel, then stained witresil
nitrate.(C) Fractions 10-16K10-F16 were pooled and concentrated to 4.2 mg/ml th@ig/Ssample were
analysed under non-denaturing and non-reducingitonsl on a 7.5% polyacrylamide gel. Both DPPIV and

TAT/DPPIV were analysed 2 days after purificatiow &torage at 4°C.

4.4.3 The purified TAT/DPPIV protein retained TAT and DPP IV specific activities

The purity and activity of the TAT/DPPIV proteinroplex was further confirmed by Tris-tricine
SDS PAGE, MALDI-TOF peptide-mass fingerprinting aadtivity assays. Tris-tricine-SDS PAGE
enables a more accurate separation of proteinsmotecular masses ranging from 1-100 kDa on a
single gel. Analysis of concentrated TAT/DPPIV giat complex on Tris-tricine gel revealed
apparently homogenous DPPIV and TAT protein bakigute 4.12A). The intensity of the bands
was not altered by treatment with TFA, a strongl aghich usually causes unfolding of proteins.
Using the QuantityOne software the intensitieshaf protein bands were quantified and used to
determine the ratio of TAT protein to DPPIV in therified complex. MALDI-TOF peptide mass
fingerprints of the protein bands revealed peptaesch matched to the HIV-TAT and human-
DPPIV proteins respectively (s&&.3.2.

The TAT portion of the TAT/DPPIV protein retained\T-specific transactivation activity. This
was determined in terms of the ability of the TAPBIV protein to induce CAT expression under
the control of the HIV-LTR promoteF{gure 4.12B). DPPIV protein being expressed alone did not
induce CAT expression, making it evident that ithe TAT component of the TAT/DPPIV protein
complex which specifically induced CAT expressidine DPPIV fraction of the TAT/DPPIV
protein complex also retained 15.8 U/mg specifitvdaes, which was evaluated in terms of
cleavage of 100 nM of the chromogenic peptide satestH-Gly-Pro-pNA-HCI Figure 4.12C).
The specific DPPIV activity of purified TAT/DPPIVL5.8 U/mg) was comparatively lower than
that of DPPIV (28 U/mg) which was expressed alame gurified under similar conditions.
Following co-expression of DPPIV and TAT in 200 gix 16 cells/ml 9 cells, 49 mg total
protein was determined in the cleared lysates. imliml DPPIV activity determined was 1,070
muU/mg TAT/DPPIV lysate Table 4.1). With reference to DPPIV proteolytic activity,etHinal
purification step yielded a total purification factof 14.7. The overall yield was 9.8%. After the
final purification step, the estimated ratio (pioteoncentrations) of DPPIV to TAT protein was 6
pg DPPIV: 1 ug TAT. This was determined from coosmastained Tris-tricine gels of protein
resulting from 4 independent purifications, by giifgimg the band intensities with the QuantityOne

software.
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Figure 4.12: Evaluation of the purity and activity of purified DPPIV and TAT/DPPIV protein.

(A) Tris-Tricine SDS PAGE: Purified TAT/DPPIV or DPPIV protein (10 pg totaigbein / sample), were
treated with 0.025% TFA or left untreated then gsedl by 10% Tricine-SDS PAGHEa and 1b:Untreated
and TFA-treated DPPIV protein respectivélg. and 2b: Untreated and TFA-treated TAT/DPPIV protein. 3:
TAT protein purified from &9 cells. (B) Specific transactivation activity of TAT protein: The
HLCDACAT (HelLa) cell line stably-transfected with@AT- gene under the control of the HIV1-LTR
promoter was treated with 5 pg of the different Tgrdteins indicated or with 20 pg of the purifie@BIV

or TAT/DPPIV. Cells were harvested after 48 h ahdirt CAT content quantified in duplicates and
normalized to the total TAT protein used as inducto was assumed that the TAT content in 20 ug
TAT/DPPIV complex was 3.5 ug (1 pg TAT: 6 ug DPPI¥gach bar represents the average amount of CAT
protein / pg TAT used (n=3). TAT (E. coli) is TATB produced irk. coli (a kind gift from Prof. Dr. Paul
Roesch, Bayreuth), TATY9) was purified fromS9 cells, and TAT47-57 peptide (Genscrifl.) Specific
proteolytic activity of DPPIV: Purified DPPIV or TAT/DPPIV protein complex wengcubated with 100
nM H-Gly-Pro-pNA-HCI at pH 8.0 for 5 min at 37°C fterwards the extinctions of proteolytically demve
substrates were determined photometrically at 4fGand used to calculate the DPPIV-specific prot#oly

activities.
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Table 4.1: Representative purification of TAT/DPPIV co-expressed irSf9 cells

(200 ml suspension culture, 2 x°id&lls/ml)

Sample Total DPPIV  Total activity  Yield® Purification °Ratio
protein specific (mU) (%) fold® DPPIV:TAT
(mg) activity (HO)
(mU/mg)
Cleared lysate 49.0 1,070 52,430 100 1
Immuno-affinity (pool) 1.733 8,100 14,037 26.8 7.6 4:1
Immuno-affinity (concentrate) 1.136 8,000 9,088 17.3 7.5
SE-FPLC (pool) 0.408 16,000 6,528 12,5 15
SE-FPLC (concentrate) 0.325 15,750 5,119 9.8 14.7 6:1

®pased on DPPIV enzyme activity, ® based on quantification with the QuantityOne software

4.4.4 Purified TAT/DPPIV protein revealed a heterogeneouslistribution on 2D gels

Purified DPPIV or the TAT/DPPIV protein (10 pg/sdejpwere mixed with pH 3-10-BPG-sample
buffer (Amersham) to 170 ul final volume and deneduby heating, then isoelectric-focused on
wide range pH gradient gel strips (pH 3-10) andas&ied on 8-16% SDS gradient gels.

DPPIV protein being expressed alone, revealed aogeneous distribution with a single spot at pH
5.7 and 96 kDaHigure 4.13A). Opposed to this, part of the TAT/DPPIV protemoved from pH
5.7 to a pH value between 7.0 and 8.0. Considdtirgcalculated pl of TAT (10.1) and that of
DPPIV protein (5.7), the resulting complex of TAMdaDPPIV should exhibit pl values ranging
between 7.0-8.0 (value 7.0 calculated with the pl/kol of www.expasy.org) and the expected
molecular weight should be about 198 kDa ([TAT/D¥Pheteromer). As a consequence of this pl
and molecular weight, part of the complex which aemd intact even after boiling in urea-
containing sample buffer prior to isoelectric foogs could be detected at a pH range between 7.0
and 8.0. The purified TAT/DPPIV protein revealedrfonain spots altogether, which are annotated
with 1-4 Figure 4.138). An analysis of the spots by MALDI-TOF-PMF rele& DPPIV in spots 1,

2 and 3. Spot 3, is DPPIV which resulted from tissalciation of the intact complex seen in spot 4
during the second dimension (SDS PAGE). This issisbent with the observation that isoelectric
focusing of TAT/DPPIV protein without boiling didohreveal a protein spot at the position of spot
3, but rather stronger band intensities of spaedut not shown). Spot 4 has a molecular weight of
about 225 kDa and is between pH 7.0 and 8.0. MALDF-PMF of this spot did not yield spectra
intensities good enough for determination of thatgin. The calculated pl of the TAT protein used
here is 10.1 and the mass is approximately 10 kibéch falls out of the detection range of the

underlying analysis.
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Figure 4.13: Characterization of purified human-DPRV and TAT/DPPIV protein by 2D PAGE

10 pg of the purified protein samples were diluteth pH3-10 BPG-sample buffer to 170 pl final volesn
then preheated at 99°C for 3 minutes. The sampége oelectric focused on pH 3-10 gradient g@bstr
The proteins were subsequently separated on 8-IBSdsadient gels (Anamed GmbH). After separation
the gels were stained with silver nitrat@) Purified DPPIV protein(B) Purified TAT/DPPIV protein

complex.

4.4.5 Crystallization screen of the purified TAT/DPPIV protein complex

Purified TAT/DPPIV protein complex at a concenwat4d.2 mg/ml (in PBS pH 8.0) was used for
crystallization screen in different crystallizatidiffers. For each screen, either 0.5 pl protein
solution (sitting drop method) or 1 pl (hangingqnmethod) were used. After incubation of the
plates for a period of two weeks at 4°C the fiettangular crystals were visible. More than 20
crystals were picked. lfrigure 4.14 an image of some of the crystals is presented. |dfge

crystals were used for initial X-ray analysis. Thiial X-ray analyses revealed only mass densities

corresponding to the DPPIV protein.
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Figure 4.14: Microscopic images of crystals of pufied TAT/DPPIV protein

The buffer in which the protein crystallized contd 100 mM Tris, 300 mM sodium acetate pH 8.0 &hd 2
28 % PEG-4000. Crystallization condition was 4°@ the hanging drop method. The protein concentratio
was 4.2 mg/ml in PBS pH 8.0.

Summary IV: DPPIV and TAT associate in co-infectedSf9 cells

Co-expression of the HIV1-TAT and human-DPPIV prote SS9 cells revealed an increase in the
bulk of DPPIV protein expressed. Due to the co-egpion serine phosphorylation of TAT protein
was reduced and a direct binding of the TAT and DPProtein could be detected by
immunoprecipitation. Furthermore, TAT-dependent uictcbn of tyrosine phosphorylation of
DPPIV could be detected which was independent efitihibition of DPPIV enzyme activity.
Purification of the TAT/DPPIV protein complex froep-infectedS9 cells was achieved. The
protein complex revealed a heterogenic distributor2D gels but could be crystallised. However,
X-ray analysis revealed only mass densities ofXR@1V protein and not the TAT protein.
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5 Results lIl: Subproject Interaction of DPPIV and Caveolin-1

5.1 Amplification of Caveolin-1 cDNA from different human organs

Using the primers CavlEcoFor and CavlPstRev (sg#ms®.1.1.1and sectioril.2.9 Caveolin-1
(Cavl)-coding cDNA was amplified from cDNA panels k@ different human organs (Biochain
Institute Inc) by RT-PCR. After repeating the RTHGt was evident that the Cavl-coding cDNA
was only expressed in the cDNA panels of human,linegrt, spleen, placenta, skeletal muscle,
brain and colon Figure 5.1). Quantification of the relative band intensitidshe Cavl cDNA was
performed with the QuantityOne software. The highemgels of the Cavl cDNA were seen in lung,
placenta, skeletal muscle and colon. As a whokedifference in the levels of Cavl PCR product
was not due to differences in the purity or concditn of the templates used for PCR, since the

templates did not show remarkable differencesénekiels of the housekeeping GAPDH cDNA.
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Figure 5.1: Amplification of Caveolin-1 coding cDM from cDNA banks of different human organs
Using primers for the human Cavl (upper panel) &#PGH (lower panel) the respective cDNAs were
amplified by PCR and analysed electrophoreticatlydd8% agarose gels. Quantification of the relabiaed

intensities of the Cavl cDNA was done with the Qug@ne software (bar diagram).
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5.2 Expression and purification of GST-tagged Cavl pragin

5.2.1 Purification of GSTCav1l protein by affinity chromatography

In order to investigate the binding capacity of Cawvith human-DPPIV, the Cavl cDNA was
cloned into the pGEX4T-2 vector and the GSTCavlginoexpressed as described under methods
(section 9.2.15).

Expression was performed in tke coli BL21-(DE3) strain. High optical densities of thells as
well as temperature affected the expression lendl solubility of the GSTCavl protein. For this
reason the expression temperature was reduced3vé@ to 25°C. The cells were induced at an
ODggonm= 0.5-0.6, with 2 mM final concentration of IPTGhi$ condition enabled an increase in
expression level and solubility of the protein. Hmwer, theE. coli-expressed GSTCavl protein was
still relatively insoluble and a large portion ramed in the pellets of lysed cells. Solubilisatioin
the protein could only be achieved with the usdeaitrgents. Harvested cells were solubilised with
20 mM HBS pH 7.4 supplemented with 1% n-doddggy)-maltoside and 5% polyethylenglycol,
(PEG-400). The soluble proteins were fractionatg®® min centrifugation at 18,000 rpm (29,703
x g) and coupled on Glutathione-Sepharose 4 Fast FGE Healthcare) for 90 min at 4°C with
head-over-tail rotation. The bound GSTCavl wasedlwtith 10 mM reduced glutathione in 50 mM
Tris buffer, pH 7.5 and analysed by SDS PAGE. TI®T@&ag has a molecular weight of ca. 26
kDa, whereas Cavl has a molecular weight of 22 Kiba. calculated molecular weight of whole
length monomeric GSTCavl protein is 48 kDa as wadeat on coomassie-stained SDS-gels
(Figure 5.2B). Besides the monomeric GSTCav1l, a high moleaukght form of the protein was
detected at about 350 kDa. The identity of theeeluprotein was confirmed by MALDI-TOF
peptide mass fingerprinting after in-gel trypticgelstion. The detected masses of all peptides
matched well with the theoretical masses expectau tryptically derived GSTCav1l protein (see
section 11.3.1).

A | GST Cavi 48 kDa
B In. FTW1W3 M E1 E2 E3 E4 E5 E6 E7 E8 E9
e . e s e = e4— GSTCavl multimer
250 kDa =
150 kDa =——
100 kDa =—
75 kDa —
50 kDa —
<+—GSTCav1 monomer
37 kDa —
25 kDa — +-—GST

— i

Figure 5.2: Analysis of purified GSTCav1l protein bySDS PAGE
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(A) Schematic representation of the GSTCavl fusioteproA 7 residue linker constituting a thrombin
recognition sequence separates the GST and the £atein.(B) SDS PAGE: Aliquots (10 pg/sample) of
the protein fractions were denatured by boilingeducing sample buffer and separated electropleatisti
on an 8% SDS gel then stained with coomassie soluM: High molecular weight protein standard, In:
input- soluble protein fraction, FT: flow-throughj1/W3: Wash, E1-E9: eluted fractions.

5.2.2 Purification of GSTCavl protein by SE-FPLC

After purification of the GSTCavl protein by glutaine affinity chromatography the fractions E3-
E9 containing the fusion protein were pooled amthir purified to homogeneity by size-exclusion
chromatography on a Superose-6 column.

The elution profile of the GSTCavl protein reveassveral peaksF{gure 5.3A), some of which
contained the highly pure intact GSTCav1l proteime Purity of the protein was confirmed by SDS
PAGE (igure 5.3B) and western blotF{gure 5.3C). With reference to gel filtration standard, the
peak corresponding to pure intact GSTCavl proteitee at a retention volume corresponding to a
molecular mass of about 5800 kDa. Analysis of tiaetfons collected from this peak revealed a
mixture of GSTCavl multimers, faint bands of dimargl a majority of the protein as monomer.
The peaks corresponding to 26 kDa proteins cordgaedominantly GST and Cavl resulting from

proteolytic degradation.
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Figure 5.3: Purification of GSTCavl by SE-FPLC

12.5% SDS-PAGE

(A) Elution profile of GSTCavlprotein purified by SE-FPLC on a Superose-6 column. Frastiwere

collected and aliquots (15 pl) of each fraction evdenatured by boiling with reducing sample buéed

separated on 8 % or 12.5% acrylamide gels themextaivith silver nitrate solutioiB), or blotted on

nitrocellulose membrane and probed with rabbit-anthan Caveolin-1 pAKC). 4-35 indicate the fraction

number of samples collected at different retentiolimes as indicated in ‘A",

5.3 GSTCavl binds to human-DPPIV in immunoprecipitationtest

To confirm whether Caveolin-1 protein binds to DPPRO pg of the purified proteins were

subjected to IP. GSTCavl bound to the immobilize¢elPD/ protein and could be detected by
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western blot Eigure 5.4A, lane 4). Likewise, DPPIV bound to GSTCav1l thasvimmobilized on
anti-Cavl pAb Figure 5.4B lane 1). In control tests, neither GSTCavl botmdhe anti-DPPIV
pAb used Figure 5.4A, lane 3) nor did DPPIV bind to anti-Cavl pABidure 5.4B, lane 2). This
implies the precipitation of both proteins due heit direct binding and not unspecific binding to
the antibodies used. Furthermore, incubating DPRgtttein with GST which was immobilized on
anti-GST pAb did not lead to binding of DPPIV, whistrengthens the fact that GSTCavl binding
to DPPIV is due to Cavl and not the GST-Tag.

A 1 2 3 4 B 1 2 3
GST: + - - - GST: - +
GSTCav1: - + + + GSTCav1: + - +
DPPIV: + + - + DPPIV: + + +
75 kDa—»
50 kDa—» c— <—H
<4+—GSTCav1 100 kDa —»
» . <«—DPPIV
37 kDa—p- 75 kDa —
25 kDa —p- 50 kDa—>- —H

Figure 5.4: Western blot analysis of human-DPPIV ad GSTCav1 binding

(A) Purified human-DPPIV and GSTCavl proteins wergesied to IP with either anti-Cavl pAb (lane 2)
or anti-DPPIV pAb (lanes 1, 3 and 4) then analylsgdvestern blot and probed with anti-GST pA(B)
Purified human-DPPIV and GSTCav1 proteins wereesiibf to IP with either anti-Cavl pAb (lane 1 ahd 2
or anti-DPPIV pAb (lane 3) then analysed by west#at and probed with anti-DPPIV pAb. H indicatés t
heavy chain of antibody used in IP.

5.4 GSTCavl binds to DPPIV directly in SPR tests

To further confirm the binding of DPPIV and Cavldasiso determine their binding coefficients
surface plasmon resonance analysis was perfornfeB\Dwas immobilized on the sensor surface
of a CM5-Sensor chip (GE-Healthcare) and bindinglyses were performed with different

concentrations of purified GSTCav1l protein. Theding of GSTCav1l to immobilized DPPIV was

quite weak and required relatively high concenbradiof the protein. Detectable binding was only
achieved with at least 200 nM GSTCavl proteinst(tba9.6 pg /100 pl running buffer). To

minimize the buffer jump caused by the storagedyudff the protein during measurement, it was
necessary that the GSTCavl protein be concentratadleast 1 mg/ml. At this concentration, only
9.6 pul GSTCavl was added to 90.4 pl of the runtinffer used in SPR to make up a 200 nM
GSTCavl protein solution. At lower concentratiofighee protein stock, the buffer-jump was too
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high and biased the overall results, since higlodwmnes of the protein solution had to be added to
lower volumes of the running buffer. Unfortunatetiie GSTCavl protein stock could only be
concentrated to 2 mg/ml after purification. Attempgtto concentrate the protein higher than this
led to precipitation of the protein. For this reasthe SPR measurements were only successful with
200 nM-500 nM GSTCav1l Protein.

In Figure 5.5A the sensorgrams of the total response measurtdd 500 nM GSTCavl fusion
protein is given. The GSTCav1l protein shows a slajfinity to the control cell without DPPIV.
However, after deduction of the response given BT Gavl due to binding to the control cell,
from the response given by GSTCavl due to bindm@®PPIV, an overall positive value was
revealed as response differenéégre 5.98). The response differences were derived with the
BlAevaluation software. The sensorgrams reveal aceotration-dependent binding of the
GSTCavl fusion protein to DPPIV. A saturation af thinding was not detected since the binding
was relatively low and required higher concentratiof the GSTCavl protein. GST protein used as
control did not interact with DPPIV and gives narease in response difference. Due to the poor
dissociation of the protein, determination of theding constant was not possible, since the

dissociation rate is one of the factors that deiteerthe binding constant.
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T .
/ T - DPPIV (ligand)
T - Empty cell (control)
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200 NnM GSTcav1
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500 NnM GST

Figure 5.5: Surface plasmon resonance analysis d¢fe binding of GSTCavl1 and human-DPPIV

(A) DPPIV was immobilized on a CM5-Sensor chip andfigadr GSTCavl proteins were injected and the
response monitore@) The response difference derived with the BlAevatuiasoftware by subtracting the
total response of the protein binding to negate# fcom the response of binding to DPPIV is redeirto as
the total response due to specific binding of thedyge (GSTCavl or GST) to the ligand (DPPIV).
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6 Discussion

6.1 Purification of recombinant HIV1-TAT proteins

The HIV1-TAT protein is a very unstable protein walhiis light and temperature sensitive and also
prone to aggregatiom vitro. In the underlying work the HIV1-TAT protein wasicgessfully
expressed with different fusion tagskncoli andS9 cells and purified under various conditions.
The length of the fusion tags used influenced theell of protein expressed and also the total
amount and purity of the purified protein. Compatedthe non-tagged TAT and His-TAT-His
fusion proteins the expression level of GST-TAT-Higd GST-TAT was higher. The length of the
fusion tag used seemed to render the protein mabdesduring and after purification, which led to
a higher yield and purity of the GST-TAT-His and ToBAT fusion proteins. Furthermore, the
condition of purification (e.g. temperature, lighgndling / duration of purification) also played a
vital role in the fusion protein’s stability. In @rdance with this, the GST-TAT-His purified in two
steps (Ni-NTA affinity chromatography and SE-FPIM@)hin a period of approximately 6 h using
aluminium foils to protect against light and penfiing all the steps on ice, revealed the highest
yield and retained the highest level of TAT-spectfansactivation activity. The GST-TAT fusion
protein also showed high transactivation propertiesugh the protein was comparably less stable
during purification than the GST-TAT-His as deduckdm the higher level of GST-TAT
degradation fragments in SE-FPLC. The high seriitof TAT protein to light and temperature
could be seen in the fact that purification of #¥&T10xHis protein in a hood with a regulated
temperature at 4°C yielded high amounts of the p&€10XHis protein which was predominantly
detected in the monomeric form on SDS PAGE afteingpeconcentrated to 7 mg/ml for
crystallographic studies. However, the TAT10xHistpm was less stable upon storage than the
GST-TAT-His and GST-TAT proteins. This was refletia the low transactivation ability of the
TAT10xHis protein compared to the transactivatiotivity of same molar amounts of GST-TAT-
His and GST-TAT. This effect was due to a more daggradation of the TAT10xHis protein
compared to the GST-TAT-His protein upon storageB8tC, which strengthens the fact that the
N-terminal GST- and C-terminal His-tag influencduk tstability of the GST-TAT-His protein
positively.

It was shown that the HIV1-TAT protein up regulathe expression of the HIV co-receptor,
CXCR4 in T cells (Secchieret al., 1999). In the underlying work, the transactivatactivities of
the purified recombinant TAT proteins did not ctate with their ability to up regulate the
expression of CXCR4 in Jurkat cells. Though all pleified TAT protein constructs revealed some
extent of TAT-specific transactivation activity theould not up regulate the expression of CXCR4

protein in the Jurkat cell line. This could not thee to the lack of activity of the purified TAT
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protein used, since all the purified TAT fusion t@ias revealed TAT specific transactivation
activity. The Jurkat cell line is a T cell leukaengell line and the effect of TAT protein on thelc
line is probably different from its effect on hdaltT cells or cells of HIV infected patients.
Interestingly, the purified TAT fusion proteins ukd a significant accumulation of the
CXCRAGFP protein in the cytosol and vesicles oblgtéransfected CHO and Hek293 cell lines,
which could be monitored by confocal microscopyweduer, the effects of TAT on the two cell
lines did not correlate. Whereas only the TAT1-86niuno-Diagnostics) and th&9-TAT
provoked vesicular accumulation of CXCR4GFP in @€1#O-CXCR4GFP cell line, four of the
purified samples namely GST-TAT-His, GST-TAT, ti®9-TAT and the TAT (Immuno-
Diagnostics) induced vesicular accumulation of CYGRP in the Hek-CXCR4GFP cell lines.
These findings did not correlate directly with tRAT-specific transactivation property of HIV1-
LTR promoter (comparé&igure 3.11 and Figure 3.13. The difference in the effect of TAT on
CXCRA4GFP in the two cell lines CHO and Hek293 a@bpbly due to the general differences in
their origin and nature. While the CHO cell linedisrived from hamster ovaries, Hek293 is derived
from human embryonic kidneys.

Furthermore, several reports have shown that diftepathways mediate the cellular and viral
effects of extracellular TAT protein. Accordingte cell growth-promoting effects of TAT peak at
between 0.1 and 1 ng of purified recombinant propgr ml in the cell growth medium and do not
increase with concentration (Ensetial., 1993), whereas both the detection of nuclearhizez
TAT taken up by cells and the transactivation o¥Higene expression or replication require higher
TAT concentrations (>100 ng/ml), and all increaseedrly with increasing amounts of the
exogenous protein. Recent reports also revealed th®a transactivation property of purified
recombinant TAT proteins do not correlate with tregnalling properties (Siddapghal., 2006).
According to these findings, the signalling propedf recombinant TAT proteins get lost or
reducedin vitro due to conformational changes during purificatemmd handling, whereas the
transactivation property of the same protein samgleetained. This explains partly why the
purified TAT fusion proteins despite the ability tansactivate the HIV LTR promoter revealed
different effects on the vesicular accumulatiofCR¥CRA4GFP in transfected CHO and Hek293 cell

lines.

6.2 HIV1-TAT protein reveal properties of intrinsically unstructured proteins

All the recombinant TAT protein constructs could &eccessfully purified by SE-FPLC on a
Superdex-200 column. However, they all revealedctspeof molecular masses higher than 670
kDa, despite the actual molecular masses rangihgele@ 10-12 kDa for the non-tagged protein

and 37 kDa for the GST-TAT-His protein. Of immemserest, was the observation that the protein
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fractions collected from these peaks revealed memcnforms of the respective TAT fusion
proteins on SDS PAGE. Strong TAT protein aggregaies not usually easily reduced to the
monomeric protein components like observed withfteghly purified TAT protein. The molecular
masses higher than 670 kDa in gel filtration arelrdadiness to be reduced to monomers revealed
that the protein solutions were not composed afdatrong aggregates which reflected one of the
properties of natively unfolded proteins.

Although the FPLC spectra were quite unique, ebecinicroscopy revealed the GST-TAT-His and
TAT10XHis protein collected from these peaks a®togeneous mixtures of different oligomeric
states of the protein. These characteristics, iGgluat very high molecular masses from gel
filtration, existence in different/ large oligomerstatesn vitro) coupled with the possession of a
large net charge by the TAT protein, are typicadparties of natively unfolded proteins. The
observation that the purified TAT protein reveal@doperties significant of intrinsically
unstructured (natively unfolded) proteins explaingattly, why our attempts to crystallize the
TAT10xHis protein solution after optimization ofetlexpression (expression in 8 litre Fermenter at
18°C overnight) and purification (by His-Trap and-BPLC at 4°C in a hood), remained
unsuccessful. The crystallization of a protein dedsathe existence of the protein in a monomodal
form and at high concentrations. The protein usasd ghly pure and concentrated. However, with
reference to the peaks observed in SE-FPLC aneléaron micrographs of the protein, the protein
was not in a monomodal form suitable enough fostatiography. In support of the observations in
the underlying work, NMR studies recently revedleat TAT protein is a natively unfolded protein
(Shojania & O'Neil, 2006). The only domain of TAvhich seems to be structured is the cysteine-
rich domain comprising residues 21-41. This is @iaat with the structures of different HIV1-

TAT protein which were characterized by NMRdure 6.1).

Ca traces of Tat proteins deposited with the Protein Data Bank

Tjfw Ttac 1tbc 1tiv

Figure 6.1: Structures of HIV1-TAT determined by nuclear magnetic resonance methods

and deposited with the Protein Data Bank undeictues 1jfw for TAT-Bru (Peloponest al., 2000) and
1tac, 1tbc and 1tiv for TAT Zaire 2 (HIV1Z2) (Bayeral., 1995). No secondary structure elements could be
observed in the structures. Moreover, thairtices cannot be superimposed, although theseimpsathare

more than 70% identity in sequence
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Intrinsically unstructured or natively unfolded pems entirely lack ordered structure or contain
domains which lack ordered structure under phygiold conditions. They differ significantly in
their primary sequence from small, globular, folgedteins (Uversky, 2002) and are quite common
in nature (for example the hum@ramyloid peptide, tau protein ardSynuclein) and share some
few peculiarities ranging from the presence of ntoue uncompensated charged groups resulting
in a large net charge at neutral pH (Hemmieigal., 1984; Weinrelet al., 1996) like the one seen
in HIV1-TAT protein. The functional importance ofpaotein being disordered has been intensively
characterised. It has been shown that intrinsixilflety represents an important prerequisite for
effective molecular recognition. Natively unfoldguoteins, therefore undertake a variety of
biological roles including cell cycle control, tsseriptional and translational regulation, modulatio
of activity and / or assembly of other proteins awen regulation of nerve cell function (Dunleer
al., 2001). The majority of natively unfolded proteinedergo a disorder-order transition upon
functioning which provides them advantages ovadrggobular proteins, for example the ability to
bind several different targets (one-to-many signg)l the possibility of high specificity coupled
with low affinity, the capability to overcome sterrestrictions, the increased rates of specific
macromolecular interactions, and the reduced fifetiof the disordered proteins in the cell as a
mechanism to ensure rapid turnover of the importagtulatory molecule (Dunkest al., 1998;
Uversky, 2010). Increased proteolytic degradatibnatively unfolded proteing vitro indirectly
confirms their flexibility in solution (Markus, 1%%.

The HIV1-TAT protein shares many of the above ctiamstics of natively unfolded proteins
which were encountered as obstacles in realizirgg dtystals of the purified protein in the

underlying work.

6.3 HIV1-TAT inhibits the proteolytic cleavage of GLP1 by human-DPPIV

One of the key goals of the underlying thesis wasdrify if the HIV1-TAT protein inhibits the
cleavage of natural substrates by human-DPPIV. rBigncies in kinetic data obtained from
vitro tests with DPPIV and whole length TAT or TAT-dexil peptides (Gutheit al., 1994;
Wrengeret al., 1996; Weihoferet al., 2005) suggested another binding site indepenafetite N-
terminus of TAT protein. However, pull down and imnoprecipitation tests with human-DPPIV
and the recombinant TAT proteins expressed separ@ST-TAT-His, GST-TAT, His-TAT-His,
TAT and TATV5HIis) did not yield detectable bindio§ TAT and DPPIV.

It was demonstrated that the proteolytic degradatiban artificial peptide substrate by DPPIV is
inhibited by whole length HIV1-TAT protein in a salependent manner (Guthetlal., 1994). A
direct inhibition of the proteolytic cleavage oftaal substrates of DPPIV by HIV1 TAT was not
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reported. In the underlying work it could be dentoated that the inhibition of the enzymatic
cleavage of a chromogenic substrate of DPPIV by PpAdiein is salt dependent and increases with
decrease in salt concentration. The highest levelinbibition was determined with NacCl
concentrations in the range between 20 mM and 40 mM

Purified recombinant TAT protein also inhibited tbkeavage of natural substrates of DPPIV to
some extent. However, MALDI-TOF-MS revealed that #bility of the recombinant TAT protein
to inhibit the cleavage of GLP1 by purified humaR®V is weak. DPPIV is a very active enzyme
and despite the high molar ratio of TAT to DPPI\édisn the assays (at least 1 uM TAT : 16 nM
DPPIV), DPPIV could still cleave about 40 % of B&P1 within the initial 5 min of the reaction
and could cleave-up all the substrate (31.25 puMRiwil5-20 min.

The purified GST-TAT-His and GST-TAT protein didtrinhibit the cleavage of GLP1 by DPPIV.
Interestingly, the purified GST-TAT-His, GST-TAT,I&tTAT-His, TAT10xHis and TAT protein
all retained TAT-specific transactivation activitlyurthermore, the retardation of the proteolytic
cleavage of GLP1 by DPPIV was observed with the I@XHis, TAT and to a lesser degree with
the His-TAT-His protein. With respect to this obssion, the inability of the GST-TAT-His and
GST-TAT proteins to inhibit the cleavage of GLP1 lmyman-DPPIV directly indicates that the
interaction of the N-terminus of TAT with residugfsthe active site of human-DPPIV is vital for its
inhibition of the enzymatic activity of DPPIV. Thigas blocked by the long GST tag of the GST-
TAT-His and GST-TAT proteins. This observation atii observation that the TAT protein
constructs did not bind DPPIV directly in pull downd SPR tests, implies that the contribution of
other domains of the TAT protein other than itsedstinus, in the inhibition of the cleavage of
GLP1 by DPPIV can be ruled out. However, it musinbéed that the inhibition effect of TAT on
DPPIVinvivo may be higher due to the adoption of differenstdder-order transitional states” by
the TAT protein just like most natively unfoldedpeins do.

Taken together the underlying work demonstratesttteaHIV1-TAT also inhibits the cleavage of
natural substrates of DPPIV and the N-terminus AT Ts important in this inhibition. The ability
of the His-TAT-His protein to inhibit the cleavagé GLP1 by DPPIV could have resulted in part
owing to a 6.5 kDa degradation fragment of thegirofseerigure 3.4).

6.4 HIV1-TAT protein induced apoptosis in CHO cells ina DPPIV-dependent

manner

A typical observation in the infection of humans Bl is the depletion of CD4T cells and the
deterioration of immune function in patients. Theatmanism underlying this depletion of CDR
cells in the pathogenesis of AIDS has not beenlvedpyet. In the underlying work the HIV1-TAT
protein induced apoptosis in CHO cells in a DPP8pehdent manner. Stable transfection of CHO
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cells with the TATGFP protein was successful withthe induction of apoptosis. Furthermore,
transfection of the CHO cell line stably transfecigith the alpha-1-anti-trypsin protein (CHO-
A1AT) with the TAT-bearing plasmids did not leadtte induction of apoptosis. Opposed to this,
the transfection of stable CHO-DPPIV cells inducagoptosis, which was revealed in the
appearance of phosphatidylserine on the outereteaflthe cell membrane of intact cells 9 h after
transfection and a high level of DNA fragmentation.

Interestingly, the induction of apoptosis in unotéa T cells and other human cell types by TAT
protein has been documented éLal., 1995; Campbeltt al., 2005). Generally, high expression of
DPPIV is restricted to activated T cells and nattirey T cells. DPPIV is detected in high levels
during the early phase of HIV infection, a phasat ils accompanied by rapid cell death and the
depletion of CD2 T cells. Li et al. (1995) demonstrated that the TAT-induced apoptdsi
uninfected T cells was associated with enhancadadicin of cyclin-dependent kinases and could
be inhibited by growth factors.

DPPIV is known to play a role in apoptosis. Comsistwith this, it has been established that the
expression of DPPIV is associated with haematoddgialignancies and apoptosis (Ohnuenal .,
2002; Satoet al., 2003) and inhibits the invasiveness of malignamtlanoma cell lines
(Pethiyagodat al., 2000). The activation of cyclin-dependent kinasesTAT protein may trigger
the expression and signalling through DPPIV, whedds to the initiation of DPPIV-dependent
apoptosis in CHO-DPPIV cell lines after transfestwith TAT-bearing plasmids. However, this
remains a hypothesis and can be further investigayedetermining if TAT induces the activation
of kinases in CHO cells in the presence or absehB&PIV.

6.5 Co-expression of human-DPPIV and HIV1-TAT inSf9 insect cells

6.5.1 Co-expression of human-DPPIV and HIV1-TAT leads toan increase in

membrane and total DPPIV protein in Sf9 cells

Human-DPPIV and the HIV1-TAT protein were succelgfeo-expressed in the baculovirus-
driven insect cell expression system at high leveéle bulk level of expression of the human-
DPPIV protein and its distribution on the cell sué were significantly higher in the TAT/DPPIV
co-expressing cells than in cells expressing DP&bhe. The enzymatic activity of DPPIV on
whole cells and cell lysates correlated with thipression pattern. Although the HIV1-TAT protein
is a known inhibitor of DPPIV activity, the inhimh effect seemed to be compensated in part by
the up regulation of DPPIV expression. Owing tastimcrease in DPPIV expression, the overall
relative activity of DPPIV in cell lysates of DPPRAd TAT/DPPIV expressing cells were the same
at corresponding expression durations. The onlgptxan observed was a lower relative activity of
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the TAT/DPPIV sample at 48 h compared to DPPIV pearpressed alone for 48 h. This revealed
that despite the fact that the highest intensitypBPIV protein was detected in the TAT/DPPIV
samples after 48 h expression ($gégure 4.3B), the high level of DPPIV could not completely
compensate the inhibition effect of TAT on the enayic activity of DPPIV at this stage. This
observation seems to be due to a higher amounfAdf drotein after 48 h expression than in the
other samples. Consistent with this, the intensftf AT protein inSf9 cells imaged by confocal
microscopy were stronger after 48 h than after @gressionKigure 4.5A).

Altered levels of DPPIV expression, its cell sudatistribution and altered enzymatic activity of
DPPIV has been associated with several physiolbgicxesses as well as with the pathology of
several diseases (reviewedTiable 1.2, including HIV infection and AIDS (Blazquest al., 1992;
Vanhamet al., 1993). In HIV infected patients, the cell surfaeepression of DPPIV is down
regulated in T-lymphocytes and patients exhibdwadr enzymatic activity in serum (Subramanyam
et al., 1993). However, these findings are based ontsesbtained from samples of HIV-infected
patients that also displayed great variations igell activation due to their different stages of
infection. Thus, the data may be biased, since ligbression of DPPIV on T-lymphocytes is
limited to activated CD4and CD8 T-lymphocytes (Foxt al., 1984) and T cell activation in HIV-
infected patients is only high during the acutesghaf HIV infection. However, secretion of TAT
protein into the extra-cellular space peaks dutirggacute phase of infection of cultured T cells by
HIV1 (Ensoli et al., 1993), which might play a role in the up reguatiof host proteins.
Interestingly, an increased expression of DPPIV mea®rted in human cell lines upon stimulation
with cytokines and bacterial components (Nenwtal., 1999). It has also been demonstrated that
the HIV1-TAT protein modulates the function of sonyokines (Contreragt al., 2005).

Taken together, the elevation of DPPIV expressemels inS9 cells due to TAT is likely not an
artefact in these cell system, but rather a charatic effect of the TAT protein on several other
proteins including DPPIV.

6.5.2 Human-DPPIV and HIV1-TAT associate inSf9 cells

HIV1-TAT and human-DPPIV co-localized at the memm@af co-infected9 cells. After 72 h co-
expression, binding of both proteins could be detieed by co-immunoprecipitation. However, this
co-immunoprecipitation was only possible when whmdé lysates were used. Using crude
membrane extracts or mixed cell lysates of indepetig expressed human-DPPIV and HIV1-TAT
protein revealed no binding of the proteins in inmojrecipitation tests. Furthermore, solubilisation
of TAT/DPPIV co-expressing9 cells with Triton-X100 which destroys protein-pgt contacts
completely abolished their co-immunoprecipitatidiso, a direct binding of separately expressed

TAT protein and DPPIV was not detected. Taking ¢helsservations into consideration, it is likely
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that binding of TAT and DPPIV requires some modifions or factors which are only disposed
when both proteins are co-expressed.

HIV1-TAT protein is natively unfolded (see pointl¥.and as such undergo disorder-order
conformational transition during functioning whiatay contribute in its association with human-
DPPIV. Posttranslational modifications of the HIVAT protein may also contribute to its
readiness to associate with human-DPPIV or nots T$hiconsistent with the observation, that co-
expression of TAT and DPPIV &9 cells resulted predominantly in a 10 kDa non-phosyplated
TAT protein. Opposed to this, expressing the TAdt@in alone or together with an empty control
vector inS9 cells resulted to both the non-phosphorylated 28 &nd phosphorylated 13 kDa TAT
protein bands. In the underlying work, the sigmifice of serine phosphorylation of TAT protein
was not studied. It has been established eattat,ghosphorylation of TAT protein takes place on
serine-16 and serine-46 and is important in reggathe level of transcription of HIV1 by TAT
protein (Ammosovaet al., 2006).However, Ammosovat al. demonstrated in the same study that
mutation of both serine-16 and serine-46 to aladlidenot completely abolish the transactivation
property of TAT protein, but rather only caused-fol8 decrease in TAT transactivation activity.
Besides phosphorylation, other post-translationaldifications of HIV1-TAT protein such as
acetylation, lysine-methylation and ubiquitinatioontribute in regulating TAT's function as a
transcription activator (Kiernagt al., 1999; Brest al., 2003; Boulangeet al., 2005). Although the
effect of DPPIV on the acetylation, methylationulriquitination of TAT protein irSf9 cells was
not investigated, it seems likely that some if albtof these modifications are altered when HIV1-
TAT is co-expressed with human-DPPIV. This is ceteit with the observation that TAT being
expressed alone yields predominantly the 13 kDaifeddband but rather the 10 kDa protein
predominantly when co-expressed with DPPIV. Phosgation alone (on serine-16 and serine-46)
cannot result to the 3 kDa molecular mass diffezenloserved in the TAT protein. This was also
reflected in the observation that treatment of tgseof TAT expressingf9 cells with alkaline
phosphatase prior to immunoprecipitation with dmiF mAb, did not result in a significant
decrease in the molecular mass of the 13 kDa TAftepr band (Figure 4.7C, lower panel), but
abolished the precipitation of TAT by anti-phos@esine mAb (Figure 4.7C, upper panel). These
findings suggest that, not only phosphorylation dtier unknown post-translational modifications
of HIV1-TAT are altered due to its co-expressiothsiuman-DPPIV ir9 cells. This implies that
DPPIV may be involved in interfering with post-tedational modifications of HIV1-TAT protein,
thereby regulating TAT-induced transcription of HIMt also implies that the expression of TAT
protein alone enables post translational modifcetiof the protein on residues which might be
important in the TAT-DPPIV association. These migdtions therefore prevent TAT’s binding to
DPPIVin vitro.
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6.5.3 HIV1-TAT protein induced tyrosine-phosphorylation of DPPIV in Sf9 cells

Tyrosine phosphorylation of human-DPPIV was up laiga by HIV1-TAT protein either added to
DPPIV-expressing¥9 cells or as co-expression partner with DPPIV f@rhz Treatment of cells
with the purified recombinant GST-TAT-His, led ta éncrease in the pool of phospho-DPPIV
protein. Control experiments with purified GST @iotdid not influence tyrosine phosphorylation
of human-DPPIV inS9 cells. This suggests that the inhibition effectHd¥/1-TAT protein on the
enzyme activity of human-DPPIV is not a prereqaisfor the induction of the tyrosine-
phosphorylation of DPPIV. Thus, N-terminal bindin§ HIV1-TAT protein to the active site of
human-DPPIV may result in partial inhibition (Wefbo et al., 2005), whereas interaction of
HIV1-TAT protein to the glycan moieties may leadtywosine-phosphorylation of human-DPPIV
respectively (Smithet al., 1998). Interestingly, DPPIV-inhibitor dependenduction of tyrosine
phosphorylation in resting T cells was reportedieatKahneet al., 1998). HIV1-TAT protein is
only a mild inhibitor of the enzymatic activity &PPIV in vitro and its action on resting T cells is
different from those of other known inhibitors oPBIV. Consistent with this, the induction of
apoptosis in CHO-DPPIV cells by TAT protein was @bed in the underlying work. TAT-
dependent induction of apoptosis in T cells watiegademonstrated (L&t al., 1995). Induction of
apoptosis by other specific inhibitors of human-DPRas not been observed so far, which makes
specific inhibitors of DPPIV suitable for therapeuise in the treatment of diabetes mellitus type-2
(see introduction sectidh2.5.1).

Interestingly, the inhibition effect of HIV1-TAT oBPPIVin vitro resembles that of Metformin, a
known mild inhibitor of DPPIV used in the therapiytgpe-2 diabetes mellitus in combination with
strong inhibitors of DPPIV. Although the effect Metformin on tyrosine phosphorylation of
DPPIV has not been studied yet, it is noteworthat tMetformin does not inhibit the cleavage of
GLP1 by DPPIVin vitro or inhibit the binding of GLP1 to DPPIV in SPRte¢Hinkeet al., 2002),
but significantly causes the elevation of blood GLR obese non-diabetic subjects and also in
type-2 diabetes patients in a poorly studied pre@ssociated with activation of protein kinases.
The use of strong inhibitors of DPPIV in combinatiaith Metformin is more effective in the
therapy of type-2 diabetes mellitus than the usstroing inhibitors alone. The observation that the
GST-TAT-His which due to the N-terminal GST tag veasnpletely unable to inhibit the enzymatic
activity of DPPIVin vitro could induce tyrosine-phosphorylation of DPPIVctured S9 cells,
suggests that the inhibition of DPPIV enzymatidwtyt by TAT may be involved, but is not a
prerequisite in the induction of signalling cascadenerging from tyrosine phosphorylation of
DPPIV.
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Recently, insulin-dependent tyrosine phosphorytatd DPPIV in rat liver was demonstrated and
the DPPIV protein levels were shown to be down legd by 40% in both plasma membrane and
Golgi/ER fractions after addition of the tyrosinkegsphatase inhibitor bpV(phen) (Bilodeetal .,
2006). These findings in rat liver revealed thabsyne phosphorylation of DPPIV is not only
involved in signalling platforms, but also assoethtvith the stability and function of DPPIV.

In the underlying work, co-expression of TAT and FIY yielded only traces of tyrosine-
phosphorylated DPPIV at expression durations 2448 h. At 72 h co-expression, the pool of
tyrosine phosphorylated DPPIV increased signifigart this stage of expression, traces of TAT
protein were detected in the culture medium sugugpdhat extracellular TAT protein maybe
responsible for the induction of tyrosine-phospletrgn of human-DPPIV ir§9 cells. Consistent
with this,applying the recombinant GST-TAT-His protein to TRPPIV-expressingf9 cells after

44 h expression and further culturing for 4 h tbiace 48 h total expression duration, led to an
increase in the pool of phospho-DPPIV in these sasn@ his indicates that the concentration of
TAT protein in the culture medium may play a raleeither up-take of TAT protein by the cells or
signalling via association of TAT to other cell foe proteins. Selective activation of a variety of

protein kinases by extracellular TAT protein in@tleell systems has been documeriBzdigatti P,
1997; Menegon A, 1997; Gibellini D, 1998 ).

6.5.4 Human-DPPIV protein expressed inSf9 cells is o-glycosylated

In the underlying work purified human-DPPIV protegxpressed inS9 cells revealed o-
glycosidically linked glycan moieties in two indepkent purifications and analyses. O-
glycosylation is a post translational modificatiohserine or threonine residues of proteins which
takes placen the cis-Golgi (Varki, 1993)it has been established that this modificatioreptally
plays arole in the biological function of glycoproteinadain conferring stability and protection
against proteolytic degradation (Naetal., 1999).The functional analysis of N-glycan moieties of
DPPIV protein was reported earlier (Aertgeattsl., 2004). However, O-glycosylation of DPPIV
was not reported. Intriguingly, the crystal struetwf human-DPPIV purified from an insect cell
expression system revealed N-glycans on 7 of tié-@ycosylation consensus sites found in
human-DPPIV (Aertgeertst al., 2004). Two sites, N321 and N219 were not idesdifin the
crystal structure. Likewise no O-glycans were idesd. It is worth noting that glycoproteins can
lose some sugar moieties during purification. Adttethis, X-ray analyses of crystals at times miss
the mass densities of some sugar moieties alththejh are present on the protein crystal being
analysed. This explains the detection of O-glycepsMALDI-TOF mass spectrometry studies,
which are not detected in crystallographic studidghough, it has been established that different

strains of the insect cells used in protein expoesproduce variable forms of glycosylation (van
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Die et al., 1996; Lopezt al., 1999), O-glycosylation of DPPIV in the underlyingrk is probably
specific. In mammals o-glycosylation was suggesbeplay a role in the stability and protection of
DPPIV protein against degradation (Nagtval., 1999).

6.5.5 Purification of HIV1-TAT in complex with DPPIV and crystallization screen

The tertiary structure of the multifunctional ena/m@PPIV in complex with the nonapeptide of
HIV1-TAT protein has been elucidated (Weihoktral., 2005). However, this structure alone does
not reveal much about the tertiary structure of Tg®tein. In order to do crystallization studies, a
large quantity of biologically active and stable TAurotein is needed. Attempts to crystallize
purified TAT10xHis protein remained unsuccessfulcduld be shown by SE-FPLC spectra and
electron microscopy, that the purified HIV1-TAT pemn is intrinsically unstructured which leads to
its high instability in aqueous solutions and itnfiation of different oligomeric forms. After
unsuccessful attempts to crystallize the TAT10xid&on protein, we tried to stabilize the protein
with Zn** and other buffer components which have been deimsted to be able to stabilize protein
structures. It has been reported that the bindfrignd" or other divalent metal ions induces partial
folding of intrinsically unstructured proteins, $ua@s thymosiml (Grottesi et al., 1998),
phosphodiesterasesubunit and humaa-synuclein (Uversky, 2002) and stabilize them. Wik
use of ZA" ions the recombinant TAT proteins purified in tederlying work were not stabilized,
but rather underwent more rapid degradationvitro. The use of a different strategy in the
stabilization of TAT protein for crystallographituslies was therefore necessary.

The ability of the HIV1-TAT and human-DPPIV to assde in immunoprecipitation test following
their co-expression 9 cells was exploited in a simple strategy to putifg HIV1-TAT protein

in complex with human-DPPIV. The idea behind thisategy was to stabilize the HIV1-TAT
protein by the human-DPPIV during the purificateomd crystallization process.

The determination of suitable co-expression coodgifor human-DPPIV and HIV1-TAT i6f9
cells was successful. Two-step purification by inmouaffinity and SE-FPLC yielded a total of 1.63
mg TAT/DPPIV protein complex/LS9 cells. The purified complex retained both TAT-dpec
transactivation activity and DPPIV-specific protgal activity. The estimated concentration of the
TAT-protein in the complex was approximately 0.27%.nThis estimate was based on the
guantification of the intensities of protein barsg®n on coomassie-stained gels. This method is less
accurate in the estimation of protein concentratidhan the conventional methods used in
determining the concentration of protein solutiddewever, the conventional methods are suitable
for the determination of total protein concentrasip but not the concentration of each protein

component of a mixture. The estimation of proteand intensities by use of the QuantityOne
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software was therefore the only option at my digho® estimate the ratio of TAT and DPPIV
concentration in the purified protein complex.

Based on the specific enzyme activity of DPPIV ealonthe purification yield was 9.8%.
Considering that the HIV1-TAT protein is a knowtiipitor of DPPIV enzyme activity, it is likely
that the TAT protein in the complex causes a deerea the enzyme activity of DPPIV. This is
consistent with the fact that human-DPPIV proteipressed alone i8f9 cells and purified under
similar conditions has a yield of 19.8% after thmaf purification step, with a DPPIV activity of 28
U/mg (Doberst al., 2002). The final DPPIV activity of the TAT/DPPIMotein complex was 15.8
U/mg owing probably to the inhibition effect of TAdrotein on DPPIV.

In an initial attempt, the TAT/DPPIV protein complevas concentrated to 7 mg/ml and used for
crystallographic screen with different buffer camahs. At this concentration, precipitates of the
protein could be observed prior to crystallograpgtceen. Crystallization screening with variable
buffer, pH and salt components and incubating tystallization plates for 3-5 weeks at 4°C did
not yield any crystals. In further attempts, theTTBPPIV protein complex was concentrated to 4.2
mg/ml and used for crystallographic screen withesal different buffer constitutionsAt this
concentration the purified TAT/DPPIV protein yietHerystals after 2 weeks, in buffers containing
a range of 22-28% (v/v) PEG-4000. Intriguingly, &¢ranalysis of the crystals revealed only mass
densities corresponding to the human-DPPIV.

Although no further details of the crystals weréablshed, the lack of mass densities of the TAT
protein seems significant and can be due to osewsral of the following reasons:

s For crystallization studies, the existence of a bgemeously pure and monomodal protein
solution is essential. After SE-FPLC and conceranadf the purified proteins, Tricine-SDS
gels revealed apparently homogeneous DPPIV and dratein bands. However, the same
TAT/DPPIV protein sample revealed several protgiots in 2D gels, whereas DPPIV being
expressed alone had a unique spot at pH 5.7. Giggests that a portion of the TAT protein
in the complex forms stable complexes with DPPIYiereas the components in a portion of
the TAT/DPPIV complex are not bound strongly. Tigsults in a protein solution which is
not of a monomodal oligomeric state. Crystallizatiberefore takes place in the most stable
component of the protein solution.

% Considering that only some domains of the TAT pro@ssociate with human-DPPIV, a
large portion of the TAT protein is still exposenl the solution and the long periods of
incubation at 4°C (crystallization condition) aes$ favourable for the TAT protein than
human-DPPIV protein which readily crystallizes, Vieg the dissociated TAT protein in

solution.
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% However, considering reports that X-ray crystaliggry defines missing electron density in
many protein structures which correspond to inicalsy unfolded domains of crystallized
proteins, the possibility that the mass density AT protein is missing due to its disordered
nature cannot be completely ruled out. The incrééisgibility of atoms in natively unfolded
regions leads to a non-coherent X-ray scatteringkimg them unobserved (Bloometral.,
1978; Muchmoreet al., 1996; Worbset al., 2000; Uversky, 2010). In support of this, the
crystal structure of human-DPPIV and the HIV1-TAF9)-nonapeptide only revealed X-ray
densities of the first 3 residues of TAT proteingWbfenet al., 2005).

£ Shortly before this work was submitted, the crystalcture of HIV1-TAT protein in
complex with the human positive transcription elatgn factor, p-TEFb was elucidated
following their co-expression by the same stratagg in the same cell system used in the
underlying work (Tahirowt al., 2010). This supports the fact that the cell systesuitable
for the expression of the HIV1-TAT protein with bing partners of human origin and
strengthens the fact that the protein modificationghe underlying research is due to TAT
and its DPPIV binding partner used and not duehto dell system. Furthermore, in the
report of Tahirovet al., the mass density of the residues 50-86 of TAGtgdn was not
observed in X-ray analysis. This observation furtsapports the hypothesis that the
intrinsically unstructured nature of TAT proteimgntributed to the inability to determine its

mass density in the crystal of the TAT/DPPIV comple

6.6 Cloning, expression and purification of Caveolin-1

Caveolin-1 coding cDNA was successfully amplifiedni the cDNA panels of different human
organs. Out of 10 different human organs, only NA&Dpanels (lung, heart, spleen, placenta,
skeletal muscle, brain and colon) contained theeGlav-1-coding cDNA. Amongst them, the lung,
placenta, skeletal muscle and colon revealed raghl$ of the Cavl coding cDNA, whereas the
heart, spleen and brain had only very low levelshef cDNA. The expression and distribution of
Cavl, 2 and 3 in different cell types and organdasumented, amongst which high expressions
were seen in the brain (Ikerual., 1998).

Since the sequences of the amplified Cavl-codingARrom the different organs were identical,
Cavl coding cDNA from human-placenta was used @othér cloning and expression of the
protein. Optimization of the expression conditioasulted in the expression of high levels of Cavl
with an N-terminal GST tag iB. coli BL21-(DE3) strain.

The solubility of the GSTCavl protein was improvby the use of 20 mM HBS pH 7.4
supplemented with 1% n-dodedb-maltoside and 5% polyethylenglycol, (PEG)-400.
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Approximately 1.2 mg of the partially pure GSTCapibtein could be purified by glutathione
affinity chromatography per litrE. coli culture. Compared to other proteins expresseddai.tcoli
BL21-(DE3) strain, this is a very low yield. Howeyeonsidering that the protein is an intra-
membrane protein and was expressed in a less ediotvh, this result was quite satisfactory. A
further purification of the GSTCavl protein by SBHE on a Superose-6 column yielded elution
profiles with several protein peaks. One of thekpeeontained the highly pure protein which
formed very high-molecular-mass oligomers of ab®8®0 kDa with respect to the gel-filtration
standards used. The identity and purity of theginotvas proven by SDS PAGE, western blots and
MALDI-TOF peptide mass fingerprinting which all maled the monomer as a 48 kDa protein. The
appearance of the GSTCavl protein in elution spewith a calculated molecular mass higher than
5000 kDa was not surprising. Using velocity gratieentrifugation, other researchers could
demonstrate that Cav1l protein though a small mt#deatuonly 22 kDa molecular mass could form
high-molecular-mass oligomers »400 kDa (Moniert al., 1995; Sargiacomet al., 1995). It was
also shown that the C-terminal domain of Cavl sgpoasible for Caveolin-Caveolin interactions
(Song et al., 1997) which are important in the formation of eale and caveolin-dependent
signalling in caveolae and lipid rafts.

6.6.1 Interaction of DPPIV and Caveolin-1

Using the GSTCavl protein purified by SE-FPLC,dtild be shown that human-DPPIV and Cavl
associate in immunoprecipitation tests. To furthiostantiate this association and also determine
binding constants of the DPPIV-Cavl interactionjfaee plasmon resonance experiments were
performed. The binding was quite weak and demaneéeg high molar ratios of the GSTCav1l to
human-DPPIV protein. This observation signifiedtttie association of DPPIV and Cavl may take
place in different ratios such that one DPPIV homaat may associate with higher numbers of
Cav1l subunits in a cluster. This is consistent weghorts that Cavl associates with DPPIV during
antigen presentation after formation of a high roolar mass polymer due to its phosphorylation
which is initiated upon antigen presentation (Setra., 1997; Ohnumat al., 2004).
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7 Summary

Human-DPPIV is a multifunctional protein which rs/olved in several biological processes. The
role played by DPPIV in HIV-infection and the outbk of AIDS are poorly studied. Furthermore,
the mechanisms and potential ligands involved énDPPIV-HIV interaction are largely unknown.
The HIV1-TAT protein which plays a crucial role fatral replication and transcription was
described as a partial inhibitor of DPPIV and segpor of the DPPIV-dependent activation of T
cell growth. Opposed to human-DPPIV protein, théaey structure of HIV1-TAT protein which
would reveal details about the protein and howamdt the protein with drugs has not been

elucidated.

In the underlying work the HIV1-TAT protein was fttionally expressed and purified froi coli
and 9 cells with variable fusion tags. The purified redomnant TAT proteins revealed TAT-
specific transactivation activity. The combinatiohGST and a 6xHis tag influenced the protein
stability positively such that the GST-TAT-His peot revealed the highest TAT-specific
transactivation activity. Furthermore, it could demonstrated that purified recombinant TAT,
TAT10xHis, His-TAT-His and Sf9-TAT patrtially inhibithe proteolytic cleavage of GLP1 by
human-DPPIV protein. GST-TAT-His and GST-TAT coutdt inhibit the enzyme activity of
DPPIV, which authenticated that the free N-termimdisSTAT is essential for its inhibition of
DPPIV. The inhibition effect of TAT on DPPIV was alkeand became saturated at a concentration
of 1 uM TAT: 16 nM DPPIV.

A characterization of the recombinant TAT proteip @el-filtration and electron microscopy
revealed that TAT protein is intrinsically unstruetd, a property which hampered its

crystallization.

Investigation on the interaction of HIV1-TAT andrhan-DPPIV in CHO cells revealed a DPPIV-
dependent induction of apoptotic cell death by TAhis effect of TAT on DPPIV-expressing
CHO cells resembles the rapid cell death that Iéadlse depletion of CD4T cells during the acute

phase of HIV-infection and implies a possible rofehe TAT-DPPIV-association in the depletion

of cells during HIV-infection.

Also, HIV1-TAT and human-DPPIV were functionally-expressed irsf9 cells by the BAC-TO-

BAC® baculovirus system. Compared to DPPIV being eseeslone, TAT/DPPIV co-expressing
cells revealed an increase in the overall leveDBPIV expression. Owing to this co-expression,
co-association of HIV1-TAT and human-DPPIV proteiras detected. Furthermore, a direct

binding of the proteins following their co-expremsicould be demonstrated, which appeared to be
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possible due to a reduced post-translational mzatibn of the TAT protein. In effect, there was a
78% reduction of serine-phosphorylation of the HHVAT protein as a result of its co-expression
with human-DPPIV.

It could also be demonstrated with the purifiecbrabinant GST-TAT-His protein which due to the
N-terminal GST was unable to inhibit the enzymatdativity of DPPIV, that the inhibition of
DPPIV enzyme activity may play a role, but is noprarequisite for the induction of tyrosine-

phosphorylation and hence signalling function afhlan-DPPIV.

One of the main aims of this work was the charadéon of the TAT/DPPIV protein complex. As
earlier mentioned the TAT protein is intrinsicallynstructured. Moreover, it undergoes post-
translational modifications when expressed along&9ncells, which hindered its direct binding to
separately expressed DPPIV protairvitro. Through co-immunoprecipitation of TAT and DPPIV
from TAT/DPPIV co-expressing cells it could be dersated that the production and purification
of their complex can only be realized following itheo-expression. The purification turned out to
be quite tedious due to the instability of the TAMtein. Nevertheless, purification of a soluble
active TAT/DPPIV protein complex under special caras achieved which could be used for
crystallization. Many crystals could be picked afiecouple of weeks. However, X-ray analyses of
the largest crystals revealed only mass densifilsechuman-DPPIV protein. The observation that
mass densities of natively unfolded proteins remmaissing in X-ray analyses of crystals is well
documented and at least explains why mass densitit®e TAT protein in the complex could not
be determined.

Taken together, it can be said that the TAT-DPRikéraction is involved in mediating tyrosine-
phosphorylation of DPPIV. Moreover, it plays a roiethe initiation of signalling platforms which
control TAT post-translational modifications suchk serine-phosphorylation and regulate TAT-

dependent induction of HIV gene-expression.

In the last part of this work the human-Caveolipratein was successfully expressedircoli and
purified in its soluble form. Its interaction withuman-DPPIV protein could be demonstrated by
immunoprecipitation and SPR. The analysis by SRRaled that the binding of human-DPPIV
with Caveolin-1 is weak and requires comparativegh molar ratios of the Caveolin-1 compared

to lower amounts of the DPPIV protein.
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7.1 Zusammenfassung

DPPIV ist ein multifunktionelles Protein, welch@svielen biologischen Prozessen involviert ist.
Welche Rolle DPPIV bei der HIV-Infektion und dem gkuuch von AIDS spielt, ist bisher jedoch
weitestgehend unbekannt. Sowohl der Funktionsmestnais als auch potentielle Liganden, die an
der DPPIV-HIV-Interaktion beteiligt sein kénntenumden bisher nicht beschrieben. Das HIV1-
TAT-Protein, welches eine zentrale Rolle bei dealen Replikation und Transkription spielt,
wurde als Inhibitor der DPPIV-Enzymaktivitat beseben. Demnach fuhrt das HIV1-TAT-Protein
zur Suppression der DPPIV-abhangigen Aktivierung T&ell-Proliferation. Im Gegensatz zum
DPPIV-Protein, wurde die tertidre Struktur des HHVAT-Proteins, die zur Klarung

naherer Einzelheiten (ber die Wechselwirkung destelrs mit anderen Partnern bzw.
Medikamenten beitragen wirde, bislang nicht augyekl

In der vorliegenden Arbeit wurde das HIV1-TAT-Piatemit unterschiedlichen Fusions-Tags
funktionell in E. coli und S9-Zellen exprimiert und aufgereinigt. Die aufgergiein Proteinen
zeigten die TAT-spezifische TransaktivierungsakditviDas rekombinante TAT-Protein mit einem
N-terminalen GST- und C-terminalen His-Tag zeigtele dhdchste Stabilitat und
Transaktivierungsaktivitat. Weiterhin konnte mit TROxHis, TAT, His-TAT-His und Sf9-TAT
eine partielle Hemmung der proteolytischen Spaltwog GLP1 durch DPPIV nachgewiesen
werden, was wiederum die Annahme bestatigt, dassfrdee N-Terminus von TAT fur die
Inhibition essentiell ist. Die Hemmung von DPPIVclu TAT war schwach und erreichte bei einer
Konzentration von 1 uM TAT: 16 nM DPPIV die Sattigu

Die Charakterisierung der rekombinanten TAT-Praeinmittels Gelfiltration und
Elektronenmikroskopie stellte das TAT-Protein asinsisch unstrukturiertes Protein dar, was die
Kristallisation des Proteins verhinderte.

Untersuchungen zur Interaktion des HIV1-TAT-Pratemit dem humanen-DPPIV-Proteins in
CHO-Zellen zeigten eine DPPIV-abhangige Indukti@m Apoptose durch TAT. Dieser Prozess
ahnelt dem raschen Zelltod, der bei der Depletien@D4-T-Zellen in HIV-infizierten Patienten
auftritt und impliziert eine Beteiligung der TAT-P®V/-Wechselwirkung bei der Depletion von T-
Zellen in HIV-infizierten Patienten.

Desweiteren, wurden das HIV1-TAT- und das human&®HProtein inS9 Zellen tber das BAC-
TO-BAC® Baculovirus System co-exprimiert. Im Vergleich ZDPPIV, das allein ir¥9 Zellen
exprimiert wurde, konnte bei TAT/DPPIV-co-exprimeaden Zellen eine Erhéhung der Gesamt-
DPPIV-Expression beobachtet werden. Aufgrund di€eiExpression konnte die Co-Assoziation
und direkte Bindung des HIV1-TAT mit dem DPPIV-Raot nachgewiesen werden. Die Bindung
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von TAT und DPPIV in TAT/DPPIV-co-exprimierendei®9-Zellen scheint durch eine
Verminderung der post-translationalen Modifikationdes TAT-Proteins moglich zu sein. Es
wurde eine 78%ige Verminderung in der Serin-Phogpieoung von TAT in TAT/DPPIV-co-
exprimierendeS9-Zellen festgestellt. Mit dem GST-TAT-His Proteidas Aufgrund des N-
terminalen GST-Tag nicht in der Lage war die enzyguobhe Aktivitat von DPPIV zu hemmen,
konnte eine TAT-abhangige Induktion der Tyrosin-§itwrylierung von DPPIV gezeigt werden.
Dies fuhrte zu der Annahme, dass die Inhibition {PIV-Enzymaktivitat keine Vorraussetzung
fur die Induktion der Tyrosin-Phosphorylierung usdmit das Einschalten von Signalkaskaden
durch phosphoryliertes DPPIV darstellt.

Einer der Hauptziele dieser Arbeit war die Chamagiterung des TAT/DPPIV-Protein-Komplexes.
Wie bereits erwahnt konnte im Laufe dieser Arbestdestellt werden, dass das TAT-Protein
intrinsisch unstrukturiert ist. Desweiteren habenstgranslationale Modifikationen des in
Abwesenheit von DPPIV exprimierte TAT-Proteins #twlge, dass die Bindung mit getrennt
exprimierten DPPIMn vitro deutlich schlechter ist. In Ko-Immunprazipitatieviesrsuchen konnte
gezeigt werden, dass die Herstellung und Aufremigaines Komplexes beider Proteine nur nach
deren Ko-Expression maoglich ist. Jedoch stellth biei der Aufreinigung des TAT/DPPIV-Protein-
Komplexes heraus, dass das TAT-Protein sehr instedni. Dennoch konnte unter besonderen
Vorsichtsmassnahmen ein aktiver TAT/DPPIV-Proteomiplex aufgereinigt und far die
Kristallisation eingesetzt werden. Mehrere Krigallkonnten geerntet werden. Die
Rontgenstrukturanalyse der grofdten Kristalle zeigflerdings keine Massendichte des TAT-
Proteins, was zumindest auf seine Eigenschaft alsingisch unstrukturiertes Proteins
zuruckzufiuhren ist. Es konnte nur die Massendideg&DPPIV-Proteins gemessen werden.
Zusammenfassend lasst die vorliegende Arbeit sshilgern, dass die TAT-DPPIV-
Wechselwirkung bei der Vermittlung der Tyrosin-Ppiosrylierung von DPPIV eine Rolle spielt.
Daruber hinaus werden Signalkaskaden initiiert, gbeielt die post-translationalen Modifikation
wie beispielsweise die Serin-Phosphorylierung vakr-Proteinen kontrollieren und somit die

TAT-abhangige Induktion der HIV-Genexpression regyein konnen.

Im letzten Teil dieser Arbeit wurde das humane-©érel-Protein inE. coli exprimiert und in
seiner loslichen Form aufgereinigt. Die Interaktidas humanen-Caveolin-1-Proteins mit dem
humanen-DPPIV-Protein  wurde mittels Immunprazip@t und SPR Dbestétigt. Die
Bindungsanalyse mittels SPR liess darauf schlies$sss die Binding von DPPIV mit Caveolin-1
relativ schwach ist und eine héhe Menge an Cavdolgegeniber einer geringeren Menge an
DPPIV bendétigt wird.
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8 Materials

8.1 Vectors

Table 8.1: Vectors for cloning and Protein over exqgssion in Bacteria

Vector Bacteria Selection Purpose Source

pRSET Ampicillin Over expression of 6x Hikvitrogen (Karlsruhe
recombinant protein Germany)

pCR-Blunt-Vector | Kanamycin Cloning of PCR products Invitrogen (Karlsruhé

Germany)

pGEX-4T Ampicillin Over expression of GSRmersham (Freiburg,
recombinant Protein. Germany

pQE-60 Ampicillin Over expression of 6x HiQiagen (Hilden
recombinant Protein. Germany)

pFastBacl” Ampicillin Cloning for preparation afinvitrogen
recombinant Baculovirus

Table 8.2: Vectors for Protein expression in eukamgtic cells

Vector Selection
Bacteria Cell culturel Purpose
pPEGFP-N1 | Kanamycin neomycin Expression of GFP fudiRD Biosciences (Heidelberg
protein Germany)
8.2 Celllines
8.2.1 Bacteria cell lines
E. coli INVa F Invitrogen
E. coli (one shot®) TOP10 nvilrogen
E. coli DH10 BAC Cells Invitrogen
E. coli BL21 staf™ (DE3) Invitrogen
E. coli BL21 staf™ (DE3) pLysS Invitrogen
8.2.2 Insect cell lines
9 cells Invitrogen

8.3 Media and cell Culture

For the preparation of media and solutions, destilldeionised water was used. Solutions and
Media were sterilised either by autoclaving at 1216r 20 minutes or sterile filtered through a 0.22

pum Filter.

8.3.1 Media for Bacteria culture



Materials | 120

Except otherwise indicated all Bacteria cells arl kines were cultivated at 37°C as suspension
cultures in a shaking incubator (HAT-Infors, Switaad) at 225 rpm or on agar plates in a culture
incubator (Model B; Memmert, Germany). Storage @fscfor short periods up to 2 months was
done at 4°C. For storage over longer periods eedl® cultured to an Qfg of 0.3 -0.6 and glycerol
was added to a final concentration of 20% (v/v)e thltures were then frozen at -80° and stored in

liquid nitrogen. Frozen cells could be thawed anaad recultured in fresh media when needed.

SOC-Medium: 20 g/l Peptone (Invitrogen)
5 g/l Yeast-Extract (Invitrogen)
S5@/I NaCl (Roth, Karlsruhe)
86lmg/I KCI (Roth, Karlsruhe)

10 ml 50% Glucose (sterile filtered) is added whatoclaved medium cools down to 60°C.

LB- Medium: 10 g/l Peptone
10 g/l NaCl
5 g/l Yeast extract
5 @/l Agar (only for plates)

After sterilisation of media by autoclaving and g down to 60°C, respective antibiotics are
added for selection purposes.

Antibiotic stock Solutions: 50 mg/ml Ampicillin
B8/ml Chloramphenicol
B©@/ml Kanamycin
d@/ml Tetracycline
mg/ml Gentamycin
28/ml Zeocin

For blue-white selection of colonies the followisighstances were added:
AQ/ml IPTG
20@/ml Bluo-gal

8.3.2 Media for Insect cell culture

Insect cells are cultured at 27°C either as susperwultures in shakers (Multitron; HAT-Infors,
Switzerland) at 115 rpm or as monolayer culturesuhure incubators (Heraeus, Germany). For
long term storage of insect cells, cells were caliuin suspension pelleted and resuspended at a
density of 2 x 1®cells /ml in 90% FCS (v/v) and 10% (v/v) DMSO. Gmybes were filled with
aliquots of 1 ml, frozen gradually (1°C/ml) in - €D and stored in liquid nitrogen. When needed
frozen cells were thawed at room temperature attdred in fresh media on plates for 24 h. Dying
non-adhering cells were then removed by aspiraéiod viable adhering cells cultured in fresh

media in suspension.
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SfO-cells: 900 Il medium (Invitrogen)
10 mi/l 200 mM Glutamine (Invitrogen)
100 ml/l FCS (PAA, Austria)

8.4 Mammalian cell culture

Mammalian cells and modified mammalian cell linesravcultivated as monolayer cultures on
plates at 37°C, 95% humidity and 5%,C0

8.4.1 Media and reagents for cell culture

Fetal calf serum Kraeber (Wedel, Germany)
L-Glutamine BioWest (Essen, Germany)
Penicillin/streptomycin Biochrom (Berlin,Germany)

(G418 sulfate PAA laboratories GmbH (Linz, Austria)

8.4.2 Mammalian cell lines and respective culture media

All the media used were froBiochrom (Berlin, Germany)

CHO: (Chinese hamster ovary cells; Epithelial): MEMpBA&, with ribonucleoside (G, 2.5 mg,
A, C, T,5mgin 500 ml)

Hek293 (human embryonal kidney cell line) DMEM-highugbse,
HLCDACAT (HelLa/ cervical cancer cells; epithelial

with stable CD4 and HIV1-LTR/CAT): RPMI 1640
HelLa TAT Il (HelLa, with stably transfected HIV1-TAT): RPMI46

Jurkat cell line (human leukaemia T cell line) ATCC-Nr. TIB-152: RP1640

8.5 Primer and oligonucleotides used for PCR and Sequeing

Unless otherwise indicated, all the primers useevilem MWG Biotech (Ebersberg, Germany).

Table 8.3 Sequencing primers

Name Sequence Modification
T7 5-TAATACGACTCACTATAGGGC -3' 5" IRD 700
M13 For 5-GTAAAACGACGGCCAG -3 5" IRD 700
M13 Rev 5-CAGGAAACAGCTATGAC -3' 5" IRD 700
PQE-60 SeqlC 5-GTGAGCGGATAACAATTTCACACAG-3 5 IRDOO
PQE-60 Seq2R 5-GGAGTCCAAGCTCAGCTAATTAAGC-3 5’ IRBOO
pPGEX 5’sequencing primer 5-GGGCTGGCAAGCCACGTTTGGBG 5" IRD 700
pPGEX 3'sequencing primer 5-CCGGGAGCTGCATGTGTCAGAGG 5" IRD 800
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Table 8.4: Primers and linkers for cloning and modication of vectors

Given name | Sequence Purpose

TAT-His2 cod |5'CTAGAGCATCATCACCATCACCATTA-3" | “Sense” linker for modifidcdon of TAT-
pFastBacl vector with 6 x His-Tag
TAT-His2RevK |5’AGCTTAATGGTGATGGTGATGATGCT-3' | “Antisense” linker for mofi¢ation of
TAT-pFastBacl vector with 6 x His-Tag
CavlEcoFor 5'GAATTCATGTCTGGGGGCAAATAC-3' Forward primer for amplificationof
Caveolin-1 cDNA

CavlPstRev 5GACGTCTATTTCTTTCTGCAAGTTGATGC-| Reverse primer for amplification of
3' Caveolin-1 cDNA

For pBAC Vir 5-AGATCATGGAGATAATTAACC-3’ Forward primer for PCRyverification of
inserts in BACMID DNA

Rev pBAC Vir | 5’'GTATGGCTGATTATGATCC-3’

Reverse primer for verification of inserts
BACMID DNA

n

CXCR4EcoFor |5’ACTATAGGGCGGCCGCGAATTG3 Forward primer for the amplification 0
CXCR4 cDNA

=

CXCR4Xbal- 5’'GCATCTAGACTGGAGTGAAAACTTGAA- |Reverse primer for the amplification [f
Revl 3 CXCR4 cDNA

The underlined bases are recognition sequencesspéctive restriction endonucleases. The baseslin b

code for start codon or stop codon respective.

8.6 Kits, Marker and Enzymes

8.6.1 Kits

T7 Sequencing’ kit Amersham Biosciences (Freiburg, Germany)
Plasmid Midi-Kit Qiagen (Hilden, Germany)
Plasmid Maxi-Kit Qiagen (Hilden, Germany)
Original TA Cloning Kit Invitrogen

Accuprime pfx Supermix kit Invitrogen

ECL-Luminol-kit AG Reutter-charite Berlin

8.6.2 Marker

High-Molecular-weight Protein standard Bio-Rad

Prestained all Blue/Dual colour Standard Bio-Rad

1 Kb DNA ladder Fermentas, St. Leon Rot, Gerynan

8.6.3 Enzymes

CIAP Fermentas
T4-DNA-Ligase Fermentas
Tag- (pfu-) Polymerase Invitrogen

All Restriction endonucleases Fermentas
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8.7 Antibodies

Anti-HIV1-TAT monoclonal antibody:
Monoclonal/polyclonal anti-GFP Ab:
Monoclonal/polyclonal anti-DPPIV Ab:

Monoclonal anti-phospho-tyrosine antibody:

Monoclonal anti-phospho-serine antibody:
Monoclonal antibody to CXCR4:

Rabbit polyclonal anti-Caveolin-1 Ab:
Peroxidase conjugated rabbit-anti-GST Ab:
Peroxidase conjugated Goat anti Mouse:
Peroxidase conjugated Goat anti rabbit:
Peroxidase conjugated Rabbit anti mouse:
HRP-anti-Mouse:

HRP-anti-Rabbit:

FITC-conjugated anti-Mouse/ Rabbit IgG:
Cy3-conjugated anti-Mouse/ Rabbit 19G:

8.8 Synthetic peptides

All peptides were from Genscript Corporation.

Glucagon-Like-Peptide 1:
Gastric Inhibitory Peptide:
Neuropeptide Y:

Mutant TAT2-M1.:
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ARP352 (NIBSCentre for AIDS Reagents)
AG Fan/Reutt€harite Berlin)
AG Fan/Reut{€harite Berlin)
P330@n€ PT-66 (Sigma-Aldrich)
P343nelPSR-4%Sigma-Aldrich
ARP3101 (NIBSC, @erfor AIDS Reagents)
ab2910 (Abga
Sigma
Sigma
Sigma
Sigma
EnVision+® system DakoCytomatio
EnVision+® system DakoCytoraati
Sigma
Sigma

GERs amide, human.
GIR,, human
NPY36 human
TAT;7.57 peptide, HIV

8.9 Solutions for the purification and analysis of nuckic acids and proteins

8.9.1 Solutions for small scale purification of plasmiddérom Bacteria

Mini lysate solution 1:

25 mM Tris-HCI

50 mM Glucose
10 mM EDTA
2 mg/ml RNase A

pH 8.0
0.2 M NaOH

Mini lysate solution 2:

1 % SDS (w/v)

Mini lysate solution 3:

3 M NaOAc, pH 4.8

8.9.2 Solutions for the electrophoretic analysis of nucie acids

TAE-buffer:

0.04 M Tris

5 mM Na-acetate
2mM EDTA

pH 8.0
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TE-buffer:

5x Sample buffer:

10 mM Tris-HCI, pH 8
1 mM EDTA

25 % Glycerine
50 mM EDTA
0.1 % Bromo-phenol blue

8.9.3 Solutions for the purification and analysis of progins
8.9.3.1 Buffers for cell lysis and solubilisation of Protén

RIPA:

Prewash

DPPIV native solubilisation buffer:

DPPIV native washing buffer 1:

DPPIV native washing buffer 2:

DPPIV Elution buffer:

50 mM Tris-HEH 7.2
150 mM NacCl
1% Triton-x-100
1% Na-Deoxycholate
0.1% SDS
10 mM Tris-HCI pH 7.2
1 M NacCl, 0.1% Triton-x-100

10 mM Tris pH 7.8
150 mM NacCl,

1 mM Cagl

2% CHAPSO
Trasylol (500 KU)

50 mM Tris pH 7.2
1M NacCl,

0.5% n-octyi-D-glucopyranoside

Trasylol (500 KU)
10 mM Tris pH 7.2
150 mM NacCl,

0.1% n-octyt-D-glucopyranoside

Trasylol (500 KU)
50 mM Diethylaminel 0.8

CXCRAGEP native solubilisation buffer: 10 mM Tris pH 8.5

CXCRAGEP Elution buffer:

HIV1-TAT solubilisation buffer:

100 mM NHSQy),,
10 % glycerol

2% (w/v) n-dodec@HD-maltoside

0.5% CHAPS

Protease inhibitors and 1 mM DTT

50 mM Diethylamine pH 11.2

20mM TrispH 7.4
150 mM NacCl
0.5 % (v/v) Triton X100
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Caveolin 1 solubilisation buffer:

+ 1 mM of DTEDTA, PMSF
Trasylol (1:1000) as protease inhibitor

20 mM TrispH 7.4
150 mM NacCl
1% (w/v) n-dodecyl-b-D-maltoside
10 % PEG-400
+ 1 mM of DTT, EDTA, PMSF
Trasylol (1:1000) as protease inhibitor

8.9.3.2 Solutions and buffers for SDS PAGE and western bto

SDS PAGE
Solution A:

Solution B:

Solution C:

10 x running buffer:

5x Sample buffer (reducing)

5x Sample buffer (non-reducing)

30 % damgide (w/v)
0.8 % N, N’ Methylenbisacrylamide (w/v)

0.2 % S[E8V)
1.5 M Tris-HCI, pH 8.8

0.4 % SPBv)
0.5 M Tris-HCI, pH 6.8

0.25 M Tris-HCI, pH 8.0
1.92 M Glycin
1 % SDS (w/v)
0.3 M Tris HCI, pH 6.8
15 % SDS (w/v)
50 % Glycerine (v/v)
0.015 % Bromo phenol blgs/v)
25 % beta Mercapto ethanol (v/v)
5mMDTT

Like reducing buffer, without SDS and DTT

Western blot

Transfer buffer:

Ponceau-S-Staining solution:

Coomassie staining solution:

160 mM Glycine
20 mM Tris-HCI, pH 8.3
10 % Ethanol
0.2 % Ponceau Red (w/v)
PETCA (viv)
1.5 % Sulfosalicylic acid (v/v)
0.1 % citric acid (v/v)
40 % Methanol (v/v)
10 % citric acid (v/v)
1 g/l Serva-Blue G-250
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Washing buffer for western blots

PBS: 1.5 mM KH2PO4
8 mM NgHPOy
140 mM NacCl
3 mM KCI
pH 7.4
0.1 % Tweh(v/v) in PBS

PBS-Tween:

ECL Solution for blot development:

Luminol A: 6.8 mM p-Cinnamic acid in DMSO
Luminol B: 26.mM Luminol in 0.1 M Tris-HCI, pH 8,5
Luminol C: 3 % HO, (VIV)

8.10 Chemicals and other materials

All chemicals except otherwise indicated were fr@igma Aldrich (Munich, Germany), Roth
(Karlsruhe, Germany), Merck (Darmstadt, Germanygl@inger Ingelheim (Ingelheim, Germany),

Sigma, Munich
Boehger, Mannheim
erSa, Heidelberg

Pierce, Rockford USA

Aminoacids
Ampicillin/Kanamycin
N, N’-Bisacrylamide
BSA Standard
4-Hydroxycinamic acid ig®a, Munich
G418 Sulphate PAA, Austria
Luminol Sigma, Munich

B-mercapto ethanol Rdéthrlsruhe
Nitrocellulose-Membrane Schieicand Schill, Dassel
PEG-3350 Sigma, Munich
PEG-400 SgyrMunich
PMSF Sigma, Munich
TCEP-HCI Sigma, Munich

Other reagents and materials used as well asgbeices are indicated in the methods section.

8.11Instruments and Apparatuses

Name of instrument Type Manufacturer
UV-Table Gel-Print 2000i MWG-Biotech
Autoclave Varioklav Sauter-Schubert
Incubator BK 6160, Heraeus

Sterile bench Faster 1, BioFlow-Technik
Gel electrophoresis Tanks B1A, B2 Bio-Rad
Luminescent-Image- Analysetniversal Hood Il Bio-Rad
Microplate reader Spectra Rainbow TECAN, Austria
Heating block Thermomixer 5336, Eppendorf
Hybaid Thermocycler Touch-Down MWG-Biotech
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Cool centrifuge

Centrikon H-401,

Kontron Instrument

Membrane-Vacuum pump Vacuubrand

Microwave RZV2G, Sharp

Pipettes Eppendorf Research, Eppendorf
Power Supply Systems Power-Pac 1000, Bio-Rad
SDS PAGE system Mini-Protean lI, Bio-Rad
MALDI-TOF-MS analyser Bruker Ultra Flex llI Brukddaltonics
Sequencer LI-COR 4200 MWG-Biotech
SE-Chromatography system|  AKTA purifier GE Healtlecar
Spectral photometer Ultrospec 3000 Pharmacia
Centrifuge Biofuge Pico Heraeus
Vortex Vortex-genie 2 Bender and Hobein
Centrifuge Megafuge 1.0 Heraeus

One shot cell disrupter

Constant cell disruptingtem

Constant systems Daventry, U

IK

Sonicator

Labsonic

Braun Biotech GmbH

Confocal microscope

Zeiss

pH meter

pH 211

Hanna instruments

Flow cytometer

FACScan

Becton Dickinson

BIACORE

Biacor&’ 2000

GE Healthcare
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9 Methods

Most of the methods used in this work, are routmethods used in normal molecular biology and
biochemistry laboratories with little or no modditons. A detailed outline of all the methods i$ no
reported in this section. A more detailed outlimeh@ methods used and their references are stated
in Ausubelet al. (2002): Current Protocols in Molecular Biology, Vibt2 and Maniatist al.
(1989): Molecular cloning: a laboratory manual Vbi3.

9.1 Molecular biology methods

9.1.1 Cloning and preparation of plasmids for protein expession
9.1.1.1 Cloning of human Caveolin-1 in pGEX4T-2 vector

The full length human-Caveolin-1 cDNA was amplifieg RT-PCR from the cDNA panels of
different human organs as described under seétibi7.1.The PCR product were purified by gel-
elution then cloned into the pCR-blunt vector. Tev1 cDNA was then excised via the EcoRI and
Pstl sites and cloned into the pGEX4T-2 vector Whi@s linearised with EcoRI and Pstl enzymes
(Figure 9.1). The resulting GSTCav1l protein contains a seesidue linker between GST and the
Cav1l protein which constitutes part of the recagnisequence for thrombin cleavage.

Cav1-pGEX4T-2 (GSTCav1 protein)

/

BamHI
EcoRl
Psy
Xho
Noy

N\

pPGEX4T-2 4|_i e

GST Caveolin-1 Amp

Figure 9.1: Extract of the Cavl-pGEX4T-2 plasmid castruct

9.1.1.2 Cloning of TAT in pFastBacl vector

The TAT-pFastBacl plasmid was available in the grotiDr. Fan at the beginning of this work.
To insert a 6xHis Tag to the vector the linker @rmTAT-His-cod and TAT-HisRev2K (see

section 8.5) were annealed by heating at 99°C @omin then left to cool gradually at RT. The
annealed “Xbal-6xHis-Hindlll linker” was then ligat into the Xbal and Hindlll site of linearised
TAT-pFastBacl plasmid. This resulted to the TATHIastBacl plasmid={gure 9.2A-B). In order

to have more recognition sites for cloning, the BAMHis was excised from the TATHis-pFastBacl
plasmid with EcoRI and Dral enzymes and re-ligatedhe EcoRI and Stul site of the original

pFastBacl vector. This resulted to the TATHis-pBasil-MCS plasmidRigure 9.2C).
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A TAT-pFastBac1
I_== SFE5EF

;
2
|

pFastBac 1 —‘—*{

Gen PpH HIV-1 TAT S\VAO0 pA TrvL f1 ori Amp

“Xbal-6xHis Linker-Hindlll”
ligated in Xbal and Hindlll
site of the TAT-pFastBac1

B TATHis-pFastBac1
f = —
E=H % 2.5
SE&S &

Y
S
S[o

[

%

pFastBac 1

Gen pH HIV-1 TAT 6x His SV40 pA Tn7L f1 ori Amp

o

TAT6xHis excised with EcoRI and Dral
and ligated into EcoRI and Stul
site of the original pFastBac1

C TATHis-pFastBac1+MCS

Dral/sty)
Sall

Sstl
Spel
Not|
Nspv

BamHI
Rstll
BssHII
EcoRl
ée/
0%
i
Xbal
Pst|
Xhol
Sphi
Kpnl

Hindll|

pFastBac 1

Gen PpH HIV-1 TAT 6x His Tn7L f1 ori Amp

Figure 9.2: Constructs of TAT in pFastBacl
9.1.1.3 Cloning of TAT in pGEX4T-3, pRSET-B, pQE-60 and pESFP-N1

TAT cDNA was excised from the TAT-pFastBacl plasmith the EcoRI and Xhol restriction
enzyme and cloned into the EcoRI/Xhol linearisedEE@T-3 vector. This resulted in TAT-
pPpGEXA4T-3 for the expression of GST-TAT protein wahthrombin cleavage linker of 7 residues
between GST and the TAT proteifidure 9.3B). The TATHis DNA was excised from the TATHis-
pFastBacl-MCS plasmid with the EcoRIl and Dral retstn enzymes and ligated into the
EcoRlI/Stul-linearised pGEX4T-3 vector. This resdlte the TATHis-pGEX4T-3 plasmid for the
expression of GST-TAT-His protein with a linker Diresidues between GST and the TAT protein
which constitutes the thrombin recognition sequgRagire 9.3A).

TATHis cDNA was restricted from the TATHis-pFastBaplasmid with the EcoRI and Hindlll
endonucleases and ligated into the EcoRI/HindHédirised pRSET-B vector. TATHis-pRSET-B
plasmid for the expression of the His-TAT-His pioteesulted Eigure 9.3C).

The TAT-pEGFP-N1 plasmid was constructed by exgisihe TAT cDNA from the TAT-
pFastBacl plasmid with EcoRIl and Kpnl enzymes agdtihg into the EcoRl/kpnl-linearised
PEGFP-N1 vectorRigure 9.3D).

The original TAT1-86 cDNA was got from the Centsall Facility for AIDS Reagents, in the

mammalian vector pC63.4.1. The cDNA carried an Ngitd next to its start codon and a stop
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codon within the BamHI restriction site. The TAT MB was excised from this vector with the
Ncol and BamHI enzymes and ligated in the pQE-6€&orewhich was linearised with the same

enzymes. This resulted to the TAT-pQE-60 plasmidctviwas used in expressing the TAT1-86
(untagged due to stop codon at the end of TAB.icoli,(Figure 9.3E).

A TATHis-pGEX4T-3 (GST-TAT-His protein)
T — s
ES F £3ss.
@ W X PTFSS
— -t
pGEX4T-3 —#—
GST HIV1-TAT 6x His Amp
B TAT-pGEX4T-3 (GST-TAT protein)
€0 5? ) ~¢° -
8 | /’l* 2
pGEX4T-3 4|_i [——»—
GST HIV1-TAT Amp
C TATHis-pRSET-B (His-TAT-His protein)
S 59sSe=i
Y SS»3SS59 =
& ovaxdaesg ]

4/%//
_— 9,
o
X
I
)
\K
Xbay
Sto
Hij

HIV1-TAT 6x His
D TAT-pEGFP-N1 (TATGFP protein)
e T o\é\,‘)\
A
pPEGFP N1
pUC ori cMV HIV1-TAT GFP
E TAT-pQE-60 (E. coli TAT1-86 protein)

to p
amy)

gl

L ATG

CoJ/
TAT Starg

S

B

paE-60 — ]|

Lac-O RBS HIV-1 TAT 6x His

Figure 9.3: Constructs of TAT in pGEX4T-3, pRSET-BpEGFP-N1 and pQE-60 vectors
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9.1.1.4Cloning of CXCR4 in pFastBacl and pEGFP-N1

The plasmid bearing the cDNA of human-CXCR4 varithiwas got from OriGene Technologies
Inc (Rockville). The CXCR4-coding cDNA was ampldiby PCR with the primers CXCR4EcoFor
and CXCR4Xbal-Revl then purified by gel elution ahahed in the pCR-Blunt vector. The cDNA
was then excised with the EcoRI and Xbal restniceozymes (see cDNA sequence uridkeP.])
and ligated in the pFastBacl vector. This provitterl CXCR4-pFastBacl plasmidligure 9.4A).
The CXCR4-cDNA was excised from the CXCR4-pFastBplesmid with the EcoRI and Kpnl
restriction enzymes and ligated into the pEGFP-NM&tar which was linearised with the same
enzymes. The resulting CXCR4-pEGFP-N1 vector waslus expression of CXCR4GFP in the
mammalian cell lines CHO and Hek233dure 9.4B).

A CXCR4-pFastBac1
I 5% - -
%'ﬁf‘ﬁ 3 B S58z58
i 8 1l /Ncol a/m Hf}i e
pFastBac 1 —a I—V| ] =] I—*—
Gen PpH CXCR4 SV40 pA Tn7L flori Amp
B CXCR4-pEGFP-N1 (CXCR4GFP protein)
= o o Pl R b
EEES TRESEERE
Ncol BamHI £ \
i O3\
[ ] %
pEGFP N1
pUC ori CMV CXCR4 GFP

Figure 9.4: Cloning of CXCRA4 in pFastBacl and pEGFMN1 vectors

9.1.2 Plasmid preparation

After preparation ofE. coli overnight cultures, 2 ml were aliquoted in reattitubes and
centrifuged at 8000 rpm for 5 minutes. The bactpekets were then homogeneously resuspended
in 200 pl buffer 1 (50 mM Tris-HCI, pH 8, 10 mM EBT 100ug/ml RNase A). 200 pl of buffer 2
(0.2 M NaOH, 1% SDS) was added and mixed careflligubation was done at room temperature
for 5 minutes and 200 pul cold buffer 3 (3 M Na-atetpH 5.5) was added. The suspensions were
mixed carefully and incubation done on ice for l(hutes. Following this, the samples were
centrifuged for 10 minutes at 13000 rpm and 4°Cp#dlet cellular proteins and DNA, the
supernatants decanted in clean tubes and the fogation step was repeated. Supernatants from

this centrifugation were put in clean tubes, miksatoughly with 450 pl isopropanol and incubated
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at -20° C for 15 minutes to precipitate the plasiMA. The precipitated DNA was pelleted by a
10 minutes centrifugation at 13000 rpm at 4°C dr@@NA pellet washed with 500 pl of 80% ice
cold ethanol. The plasmid DNA was then air driegsuspended in 50 pl sterile ddfHand the
concentration determined. Storage was done at -2B6€ such small scale plasmid preparation,
about 500 -1000 pg total Plasmid-DNA/mI Bacteridture was extracted. For the extraction of
larger amounts of plasmid DNA, 50- 200 ml overnighttures were used and the extraction done

with the Qiagen Maxi-preparation kit (Qiagen, Hijleccording to the user manual.

9.1.3 Determination of DNA concentration

The concentration of a DNA solution is determingdspectral photometric measurements of their
absorption at 260 nm. The extinction value = 1unhsmeasurements represent 50 pug/ml double
stranded DNA. The purity of the DNA probe can bduted from the ratio of its absorption from

260 nm to 280 nm. Pure DNA solutions have an ettinquotient of about 1.8.

9.1.4 Enzymatic modification of DNA with restriction endonuclease

For restriction purposes, 1-503 DNA was digested for 1 to 4 h at 37°C with 0.1J1of
appropriate restriction enzymes from Fermentas (&ton-Roth, Germany) or Invitrogen
(Karlsruhe, Germany) in their respective buffereTthigested DNA was then analysed by agarose -
gel electrophoresis and the detected bands extmedthe gel and purified by gel elution with the
Gel Extraction Il kit (Macherey and Nagel).

9.1.5 Dephosphorylation of DNA

For ligation purposes, plasmid DNA linearised wathly one enzyme was dephosphorylated with
calf intestinal alkali phosphatase (CIAP, Invitrajeto prevent re-ligation of the vector. A
dephosphorylation reaction composed of 1 pmol 5ABMd, 5 pl CIAP, 10ul 10x
dephosphorylation buffer and dgbi to a final volume of 5@l. Incubation was carried out for 1 h
at 65°C. The reaction was stopped by heating fanitfutes at 85 °C and the DNA cleaned up with
the QIlAquick PCR-purification kit (Qiagen, Hilden).

9.1.6 Ligation of DNA fragments

Ligations were done with T4-DNA-Ligase (Ferment&, Leon-Roth) over night at 14°C A
standard ligation reaction composed of digested B0 ng insert :100 ng vectorul T4-DNA-
Ligase (10 U), 2u 10x ligation buffer and sterile ddB to 30ul final volume. 15ul of the ligation
reaction was used to transform competerdoli cells.
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9.1.7 Polymerase Chain Reaction (PCR)

PCR enables the exponential amplification of defiDdNA fragmentsn vitro (Mullis & Faloona,
1987). For each reaction, two oligonucleotide prerere needed which are complementary to the
5 and 3’ ends of the template DNA. The 5-primerusually in a sense orientation whereas 3'-
primer is reverse complementary to the amplifiedADNlhe DNA polymerase amplifies from each
of the primers in a 5’ - 3’ direction, such thasense and an antisense strand are produced in each
cycle of the reaction. A single reaction cycle bsgwith denaturation of the DNA into single
strands then the binding (annealing) of the prinerthe single strands at primer-suitable
temperatures, followed by amplification of the DM#atrix by the polymerase. Heat stable DNA-
polymerase from thermophilic bacteria elag- polymerase fronTThermos aquaticus, are used
which can withstand the high temperatures reachedgiDNA denaturation.

PCR reactions for cloning purposes were carriedvatlt the pfu polymerase (Invitrogen) which
produces DNA blunt ends suitable for direct sejétion or ligation in a PCR blunt vector. Tpie
polymerase from the thermophilic archae-bacteriuRyrococcus furiosus has a 3- 5
exopolymerase proofreading activity which enables tecognition and elimination of wrongly
inserted nucleotides.

In this work all PCR for cloning purposes were domgh the Accuprimepfx-Supermix kit
(Invitrogen) according to the manufacturer’s instions. In such PCRs a standard reaction sample

of 25 ul total volume composed of the following:

Template DNA: 1- 200 ng
Primer (forward and reverse): 020/ each
Accuprime pfx Supermix: 22.5 pul

The reaction was carried out in a Touch-Down-Theawcer (Hybaid, MWG-Biotech) with the
following program (with slight modification of anakng temperatures depending on primer used):

Denaturation 1 cycle: 94°C, 3 min
24-30 cycles:
Denaturation 94°C, 30 sec
Annealing 45-60°C 1 min
Elongation 68°C 2 min pro kb of the amplified DNA
Proofreading 1 cycle: 68°C 5 min

Standard control PCRs were done withq DNA polymerase (Fermentas) according to the
manufacturer’s instructions. In such PCRs, a stahdaaction sample of 50 pl total volume

composed of the following:

Template DNA - 100 ng
Primer (forward and reverse): 0 p2nol each
dNTP 2 mM

MgGl 2 mM
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10x Taq buffer 5 ul
Taq polymerase 0.6 pul
dd kD to 50ul final volume

The reaction was carried out in a Touch-Down-Theawcer (Hybaid, MWG-Biotech) with the

following program (with modification of annealingmperatures depending on primer used):

Denaturation 1 cycle: 94°C, Bm
25-30 cycles:
Denaturation 94°C, 30 sec
Annealing 45-60°C 30 sec
Elongation 72°C 1 min pro kb of the amplified DNA

1 cycle: 72°C5 min
Primers used in the amplification of DNA by PCR &sted under the materials section of this

work. After each PCR, analysis of a 5 ul aliquoswane by agarose gel-electrophoresis.

9.1.7.1 Reverse Transcription-Polymerase Chain ReactiorRT- PCR)

RT PCR as the name goes is a reverse transcrigamtion, whereby mRNA is isolated from a
tissue then “reverse transcribed” into its completasy DNA form. For this reaction a DNA-
polymerase with reverse transcriptase activitysisd.

In this work the RT-PCR method was applied to apliaveolin-1 cDNA from a panel of cDNAs
of 10 different human organs (heart, liver, lurigdney, placenta, skeletal muscle, colon, brain and
spleen). The primers used were CavlEcoFor and G#&R which dock the first 18 and the last
23 bases of the ORF of Cavl respectively. Additidr@ses coding the recognition sites of EcoRl
and Pstl restriction enzymes were linked to thenprs respectively. The human cDNA panels
(Biochain Institute Inc.) were a kind gift from Pr&tephan HinderlichA comparison of RT PCR
products from different tissues was quantified égpression levels of Caveolin 1 in these human
organs or tissues. The Accuprime pfx SupermixIkitifrogen) was used for the RT PCR according
to the manufacturer’s instructions. A 50 ul PCR glemvas made up of the following components:

1pul  template BXLOO ng)

1ul  CavlEoolprimer (100 pM)

1pul  CavIRet primer (100 pM)

45 ul - Accupripix Supermix

2l dd®
After pippetting the samples on ice the tubes vgpiened briefly then inserted in a PCR cycler and
subjected to the following program.

Denaturation 1 cycle: 94°C, thm

30 cycles:
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Denaturation 94°C, 30 sec

Annealing 54°C 1 min

Elongation 68°C 2 min pro kb of the amplified DNA
Proofreading 1 cycle: 68°C imi

After the reaction, DNA sample buffer was added &mel samples analysed by agarose gel-
electrophoresis. The DNA bands were excised fraargtl and purified by gel elution. The purified
PCR products (with blunt ends) were then ligated the pCR-blunt vector (Invitrogen) and used
to transformE. coli INVaF’ or E. coli Topl0 cells. Plasmids were prepared form the egltsthen

sequence verified.

9.1.8 DNA Sequencing

All the cDNA constructs used in this work were seaged by the Sanger dideoxy method, whereby
a controlled termination of enzymatic replicatioh tbe constructs are analysed. The Thermo
Sequenase Primer Cycle Sequencing Kit (Amershansciinoces, Uppsala, Sweden) was used
according to manufacturer’s instructions. Primesedufor sequencing are listed in the materials
section of this work. The sequencing primers abellad with infrared fluorescent dyes (IRD700
and IRD800).

In a typical sequencing reaction the DNA to be seged serves as matrix for the polymerisation of
a fluorescent labelled complementary strand. FHerghrpose 1.3g DNA was mixed with Ll of a

2 picomolar primer solutions and sterile distilldter added to 13 pl final volumes. 3 ul of this
mixture was transferred to four tubes containingl ®f one of the sequencing reagents A, C, G or
T. Besides the dNTPs (Deoxynucleoside triphosphedeh of the reagents contains an excess of
one of the dNTPs (Dideoxynucleoside triphosphatéijclv leads to the interruption of the
polymerisation reaction. The reaction was run ifaach-Down-Thermocycler (Hybaid, MWG-

Biotech) with the following program:

Denaturation 94°C, 3 min 1 cycle:
Denaturation 94°C, 20 sec
Annealing 45-60°C 20 sec
Elongation 72°C 20 sec

Total number of cycles: 24
To stop the reaction 5 pl stop solution was adahetran for 3 min at 72°C.

The reaction product were separated on a 6% aciggagel and analysed in an automatic sequence
analyser (Licor 4000 L, MWG-Biotech Munich Germany)

9.1.9 Agarose gel electrophoresis

The separation of linear DNA fragments in a givample by agarose gel-electrophoresis is enabled
by their sizes. The flow speed of the DNA molecudaghe agarose gel is inversely proportional to
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the logarithms of their molecular weights. The kghhe molecular weights of the linear DNA
fragments, the lower their speed on agarose gels.

In this work agarose gel electrophoresis was aggdbe molecular weight determination of DNA
fragments after enzymatic cleavage, purificatiorDO¥A fragments and quality control of DNA
fragments from PCR. DNA molecules ranging betwe@d-B0000 bp were separated horizontally
on a 0.5 to 2 % (w/v) agarose gels. The agaroses(dimam Biosciences) were dissolved in TAE
buffer and boiled to a homogeneous transparentAjedr cooling down to 60°C the gels were
poured in electrophoresis tanks provided with gehles and left at room temperature to solidify.
After solidification the combs are removed. Thesgale then immersed in TAE running buffer in
an electrophoresis tank. Samples premixed with brphenol blue-loading buffer are then loaded
in the slots. In each case a 1 Kb DNA standarditfiogen) is loaded for size determination.

The electrophoresis is then run with 70-80 volt¥/(&m) for 45- 60 min. The gels are then stained
for visualization by incubating the gels for 5 —hin. in an ethidium bromide bath (0.5 pg/ml in
TAE buffer). Ethidium bromide intercalates in theN® and fluoresces thus making the DNA
fragments visible under UV light (366 nm).

9.1.10 Extraction of DNA from agarose gels by gel elution

After electrophoresis, DNA fragments needed fother cloning can be isolated from the gel by
melting the gel piece containing the fragment suaable buffer and purification of the DNA from
this gel-buffer mixture. For this purpose known DRAgments were excised from gels under a UV
lamp and the DNA purified with the Nucleospin Gettifact 1l kit (Macherey und Nagel) according
to manufacturer’s instructions. The buffers corgdimn the kit make it possible for the agarose to
melt at temperatures as low as 50°C and also eadstiitable DNA conformation, enabling DNA
binding to the silica gel membrane provided in kite The bound DNA is washed on the column,
thereby assuring elimination of contaminants likés,osalts, enzymes, ethidium bromide and
agarose. Elution of the purified DNA is done with-250 pl elution buffer depending on the

intensity of the DNA band as seen under UV lamp.

9.1.11 Preparation of competentE. coli cells

Competent. coli cells are cells which are able to take up circhDIBA lying free in their vicinity.
Treatment of E. coli cells with Caghakes their plasma membranes permeable for DNAculas
(Dagert and Ehrlich, 1979). The. coli cell lines Top10, IneF’ or BL21 (BL21 stal™ (DE3)
pLysS) were made competent for transformation bgtinent with CaGl Briefly, 100 ml SOB
medium was inoculated with 2 ml overnight cultufetlee cells and grown at 37°C and 225 rpm
aeration, to an Ofyo of 0.3 to 0.4. The cells were harvested by cargation at 4000 rpm for 10
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min. The cell pellets were then resuspended in P@encold 100 mM CaGland incubated on ice
for 30 min. A further centrifugation of the cellachincubation in 1 ml cold 100 mM CaQbr 1 h
rendered the cells competent and ready for tramsfbton. The cells were either used immediately

for transformation or mixed with 20% glycerol (viamd stored at -80°C in aliquots of 100 ul each.

9.1.12 Transformation of competentE. coli cells with plasmid DNA

The incorporation of foreign DNA molecules Iy coli leads to the modification of their total
genetical material, thereby to their transformatiQompetentE. coli cells were transformed to
either amplify a known plasmid DNA for further iatibn €. coli cell lines Top10 and ), for

the preparation of bacmid for transfection in insmls €. coli cell line DH10 BAC) or for protein
expressionk .coli BL21 staf™ (DE3) pLysS).

For the transformation of 100 pl competent celld0 hg plasmid-DNA or 10-20 ul ligation
products were added to the cells on ice and inedbfrir 30 min. After heat shocking the cells at
42°C for 45 sec and regeneration on ice for 2 rA60 pul SOC medium was added and mixed
briefly. The cells were incubated for 1 h at 37hCaithermomixer with mixing at 500 rpm. 100 pl
aliquots were plated on solid LB-agar medium supgleted with respective antibiotics and the

plates incubated over night at 37°C.

9.1.13 Expression of recombinant protein inE. coli

The expression of GST fusion proteins En.coli was done according to instructions of the
manufacturer of the expression vector pGEX-4T (Asham Biosciences), whereas the expression
of 6x His fusion proteins were according to instiares of the manufacturer of the pRSET and
pPQE-60 (Qiagen) expression vectors.

E .coli BL21 staf™ (DE3) pLysS cells (Invitrogen) were transformedhwihe expression vector
constructs carrying the open reading frame of #eegof interest and positive clones selected by
virtue of their growth on solid LB-medium contaigithe antibiotics ampicillin/ chloramphenicol.
To determine which of the clones express the higtaés of the fusion protein, 5x 5 ml LB-medium
containing the former antibiotics were inoculatethws distinct colonies and grown overnight at
37°C with shaking at 225 rpm. For each of the ceal®20 ml LB medium was inoculated with 150
pl overnight culture and grown at 37°C to angg®f 0.4- 0.6. At this exponential growth phase
induction of protein expression was done by addibb1 mM IPTG. Incubation then continued at
37°C for 3 hours. The cells were harvested by 1% centrifugation at 4000 rpm, washed with PBS
buffer then resuspended in PBS lysis buffer (PB&aining 1 mM DTT, 1 mM EDTA and 1 mM
PMSF). Cell lysis was done by sonication or wittCanstant cell disruption system (Constant

systems, Daventry, Northants- UK) and the cytosiolictions containing the fusion proteins were
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separated from other cell debris by 30 min cergafion at 15000 rpm, 4°C. The cytosolic
supernatant were then analysed by western blothégoresence of the fusion protein.

From a comparison of the western blot analysifiefd colonies, it could be seen if the expression
rate is same for all colonies or if some had higlaggs. In each case a colony with the highest rate
was chosen for further large scale expression.doch large scale expressions 2- 5 litres LB
selection medium were inoculated with 50- 250 méroight cultures and grown at 37°C till the
exponential growth phase was reached. Inductiogoratein expression was then done by addition
of IPTG to a final concentration of 1- 4 mM deperglon the fusion protein and expression vector.
The cells were then incubated for 3- 4 hours thenvdsted by centrifugation as stated above and

the cell pellets stored at -20°C for eventual peaiion of the fusion protein.

9.1.14 Expression of recombinant proteins in insect cells

In this work the expression of recombinant proieii®f9 insect cells was done by use of the BAC-
TO-BAC™- Baculovirus expression system. The system ischasethe transposition of a gene of
interest from a donor plasmid into a Bacmid whiglthen inserted into insect cells with the help of

Baculovirus particles as displayed on the pict@iew.

pFASTBAC1
donor vector TAT or DPPIV

Cloning of target gene Donor Transformation Donor
(HIV1-TAT or plasmid | =————-—> plasmid
human DPPIV)

bacmid

E. coli DH10Bac™

WOsiﬁon

TAT or
DPPIV

I Bacmid preparation
<€

TAT or
DPPIV
—

Recombinant bacmid DNA
l E. coli DH10Bac™

Transfection
of Sf9 cells
Recombinant E E]

baculovirus

T ¢ — Protein expression
ooooool

Transfected Sf9-cells

Infected Sf9-cells in serum-deficient medium
Figure 9.5: Expression of HIV1-TAT and h-DPPIV by the BAC-TO-BAC baculovirus expression

system

9.1.14.1 Transformation of E. coli DH10-Bac cells and preparation of Bacmid DNA
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For the purpose of protein expression in insedsdble gene of interest is cloned into a donor
plasmid carrying the mini Tn7 elements fr@ncoli on both sides of its MCS. Transformationeof
coli DH10Bac cells (carry helper plasmids and Bacmithwlie mini attTN7 sites) with the donor
plasmids enables transposition of the gene of @steinto the Bacmid. A recombinant bacmid
bearing the gene of interest is then produced ande isolated from the DH10Bac cells.

In this work the preparation of DPPIV and TAT redomnant Bacmid DNA for further transfection
in 9 cells, was done by first cloning the cDNA into thkCS of the pFastBacl donor vector as
described earlier9(1.1.3. The plasmids were transform in the coli cell line DH10Bac
(Invitrogen) according to the user manual. Blue te/l8election was done and positive (white)
clones in which transposition of the gene of indeteok place into the host LacZ gene, (cells lose
the ability to express the enzyrflegalactosidase which cleaves the bluo gal substoate blue
homolog) were used for culturing in liquid mediaadiid preparation was performed with the
Plasmidpurification kit (Qiagen). Since the recombinantcBed DNA are very large (23000 bp)
special care is taken during purification in ortteavoid destruction of the Bacmid DNA.

The recombinant baculovirus of human DPPIV waslalbg, so only that of the HIV1-TAT were

prepared.

9.1.14.2 Analysis of Bacmid DNA

After purification of the Bacmid DNA it is necesgato analyse them for their purity and also
intactness. After determining the bacmid DNA cornaion 1 pg of the DNA was loaded on 0.6 %
agarose gels and electrophoretic separation castiedt 20v overnight (16-19 h). Visualisation of
the DNA bands was done under UV after stainingtmdaim bromide. AADNA digested with
Hind Il was used as standards for determinatiomolfecular weights.

A second analysis of the recombinant Bacmid DNA dase by PCR with specific primers for the
gene of interest (DPPIV, HIV1-TAT) in order to vigrtheir presence in the Bacmid DNA.

9.1.14.3 Generation of recombinant virus

In order to get recombinant virus for expressiomsect cells, transfection of the pure recombinant
Bacmid is necessary. For each transfection probm| @f a 4.5x16 cells/ml 9 cell stock were
pipetted in 6 well plates (Falcon, USA) and incelolator at least 1h at 27°C for the cells to adhere
to the plate. During this time 5 pug of each BaciMA sample was diluted in 100 |§900-II
medium without additives like serum. Parallel tastt6 pl cellfectin reagents was mixed with 100
pl SF900-1I medium without additives and vortexed vigostyu Both mixtures were then pooled and

mixed carefully. An incubation of 45 min at RT eteabthe formation of a DNA-lipid complex in
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the transfection mixture. After the incubation §005f900-11 medium without additives is added to
each transfection mixture and mixed lightly.

Meanwhile the adhereff9 cells are removed from the incubator and the oeltoedium aspirated
carefully without damaging the cells. The cells €ach well) are washed once with 2 §800-II
medium without additives and the transfection nmetadded to the cells. For transfection to take
place the plates must be incubated for at leastad B7°C. After 5 h the cells were aspirated
carefully and 2 ml/welSf900-II medium containing glutamine and serum waseddi the cells.
The cells were then incubated for 5 days at 27°Qetoerate the recombinant virus. After 5 days
recombinant virus produced in the cells and budalédare found in the medium. The medium
containing the recombinant virus particles aredfae removed carefully and transferred to sterile

reagent tubes. Storage of the virus (now callet Yiirus stock) for further use is done at 4°C.

9.1.14.4 Amplification of recombinant virus

For high expression of recombinant protein in ihgedls, higher amounts of virus are needed than
the one produced during the first transfection. pf@duce high enough virus titre for this purpose,
30 ml 0.5x16 cells /ml 9 cell suspension is infected with 0.5 ml of thesffivirus stock and
incubated for 5 days at 27°C with shaking at 11%.rfphe cell medium containing recombinant
virus (first virus amplification) was got by remaog the supernatant after centrifugation for 5 min
at 2000 rpm. To make sure that the virus solutsopell-free a second centrifugation step is done.

The pure recombinant virus is then stored at 4tGuidher use.

9.1.14.5 Determination of virus titre

For an optimal expression of recombinant proteimgect cells it is important that all the indivalu
cells are infected with the recombinant virus begarthe gene of interest. In order to achieve this
knowing the concentration of the virus in a givéwck is necessary. In this work the titre of thstfi
virus amplificate was determined by plaque assayttie plaque assay, 1.5 x°199 cells per well
were transferred to a 6 well plate and incubatedLfb at 27°C for the cells to adhere to the plate.
The recombinant virus stock to be analysed werdeatil stepwise with Sf900-1I medium, to get the
dilutions 10" to 10°. The incubated cells were then aspirated and 5@ ghe virus dilutions 18

to 10 were added carefully. As a negative control SfGBedium without virus was added to one
of the wells. The plate was then incubated fore2 froom temperature. While incubation was going
on, 14 ml Sf900-II medium was warmed at 45°C anohl7solution of a 3% sterile sea-plaque
agarose (Biozym) was prepared. After cooling theperature of the agarose was maintained at
45°C by placing it in an incubator preheated togiven temperature.
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The virus supernatant and the medium from contedl were aspirated after 2 h incubation. The 14
ml pre-warmed medium and 7 ml agarose were therdnilkoroughly and 3 ml/well was used to

cover the aspirated cells homogeneously and inedbatt RT till the agarose solidified. To prevent
the cells from dehydrating, the solid agarose va®ied with 1 ml Sf900-I1Il medium per well. The

plates were then incubated for 5 days at 27°C lfgue formation. In order to visualize the plaques
for correct counting and quantification the mediwas aspirated from the wells and 200 ul of a
sterile 5 mg/ml MTT (thiazolyl blue) solution wadded per well. A last incubation of the plates for
2 h at 27°C followed after which the colourlesspies in each well were counted.

By applying the formula:

number of plogues counted

T {1 = —
dilution coefficient x (infection volume per well in mi)

the virus titre in pfu (plaque forming units) wasddiced.

9.1.14.6 Preparation and analysis of bacmid DNA from recomimant baculovirus

After determination of viral titre it was still nessary to verify the presence of the gene of istere
in the recombinant baculovirus stocks. This is fmsdy PCR with primers that flank both ends of
the pFastbacl vector region which lies within thgion of transposition as indicatedrigure 9.6
The DNA is first purified to get rid of the proteamating the baculovirus.

Briefly, 1 ml of the first viral stocks and the dirand second amplifications were aliquoted and
treated with SDS and Proteinase K. The mixture eleared by centrifugation and the DNA content
of the virus was then purified with the ZymocleatN® clean and concentration Kit (Zymo
Research, Germany). The eluted DNA was used addenfpr PCR with primers Pvir For and Pvir
Rev which anneal to the ends of the MCS of the filé@4 cloning vector as demonstrated in the
following figure. Analysing the virus DNA by PCRweals if the recombinant baculovirus carries

the cDNA of interest or not.
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Figure 9.6: Schematic diagram of the recombinant bamid with position of transposed cDNA.

MCS: multiple cloning site, Pvir-For and Pvir -Rekiow annealing sites for the forward and revergags used in

PCR analysis of recombinant Bacmid purified frotheiE. coli DH10Bac cells or the recombinant baculovirus.

9.1.14.7 Infection of Sf9 cells and protein expression in serum-free media

Insect cells at a density of 2 x%1€ells /ml were used for the expression of recowmiprotein. For
this purpose cells were infected with the recomtinarus to final MOI rate 1, then incubated at
27°C and shaking at 115 rpm for 2-3 days. The ee#ie then harvested by 5 min centrifugation at
2000 rpm and analysed for the presence of the reicamt protein.

9.2 General biochemical methods

9.2.1 Determination of protein concentration
9.2.1.1 According to Bradford

Coomassie-brilliant —blue G-250 reacts with prateieading to the formation of a complex which
has an absorption maximum at 595 nm (Bradford, 1976

To determine the concentration of a protein soiyti®d pl of the solution was added to 995 ul
Bradford reagent (10% (v/v) ethanol, 5% (v/v) phosjic acid, 0.1% (w/v) Coomassie G-250) and
mixed thoroughly. After 1 min incubation at RT thetinctions of the samples were measured at
595 nm. Purified bovine serum albumin (Pierce, Rack USA) of known concentrations were

used as standards.

9.2.1.2 Determination by Bicinchonin Acid (BCA) method

The BCA method is based on the reduction of'C@ CU by protein. The Cuthen builds
complexes with bicinchonin acid (BCA) which canrneasured at the wavelengths 562nm or 570
nm. The intensity of the complex built is equivdlén the amount of Cu+ present which is

equivalent to the concentration of protein in tblison used.
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For the determination of concentrations of glycassdl proteins or proteins in a buffer which
contains substances not suitable for the Bradfagthad, the BCA method was applied. The BCA
protein assay kit (Pierce, Rockford, USA) was used the procedures were according to the
manufacturer’s instructions.

Briefly, 20 pl dilutions (1pg/20 pl to 10 pg/20 (o) a BSA standard (Pierce, Rockford, USA), or
distilled water as blank were transferred into welif a 96-well microplate in triplicate.
Respectively, 20 ul diluted samples of the proteirbe quantified were also put in doubles to
distinct wells on the microplate. 200 pl BCA worggireagent (Reagent A and B at a ratio 50:1) was
added to each well and the plate incubated at 3f0rG0 min. The extinction of the samples was
then determined at 570 nm on a microplate readeC@AN, Austria). The protein concentrations

were calculated with reference to a standard curve.

9.2.2 Sodium dodecyl sulphate- polyacrylamide gel electphoresis (SDS PAGE)

Just like for the separation of DNA by agarose ejettrophoresis, proteins can be separated by
SDS PAGE. In a protein solution denatured withdbeergent sodium dodecyl sulphate (SDS), the
protein molecules are bound on their hydrophobiceties by the anionic SDS molecules which
make them anionic. The anionic nature of the pnotedlecules and the fact that they have different
molecular weights makes it possible to separatentb&ctrophoretically. The concentration of
acrylamide in the gels, determine the pore sizé®fels. Under an electric field, movements of the
protein molecules are inversely proportional toltgarithm of their molecular weights.

In this work the vertical SDS PAGE method was aplaccording to Laemmli (1970). The Bio-
Rad Mini-Protean Il system was used. The electrogifoseparation was done at a constant flow
rate at 150 V. For size determination of the prot@iolecules, high molecular weight standards
(Bio-Rad) were used.

Discontinuous gels of variable concentrations waepared according to values in the following
table.

Table 9.1:Preparation of restoring gels with different acrylanide concentrations. Yalues given in the table are for

2 minigels (Bio-Rad mini Protean Il system))

gel concentration (%) | 4 4.25 45| 5 6 7 75 10 11 .82 15 20
Solution A (ml) 1.2 1.275 135 15| 1.8 2.1 225 3 33 375 45 6
Solution B (ml) 225 | 2.25 228 225 225 225 2p5 2]25 225 2225p2.25
dd H,0O (ml) 5.55 5.475 54| 525 4.95 465 4pbH 3]75 345 3 2.055

Stacking gels:(values for 2 gels)
1.85 ml water

0.75 ml Solution C

0.4 ml Solution A
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12 pul APS
3 pl TEMED

Solution A:  30% Acrylamide (w/v), 0.8% N, N’-Methylenbisacrylahe
Solution B: 1.5 M Tris-HCI, pH 8.8, 0.2% SDS (w/v)
Solution C: 0.5 M Tris-HCI, pH 6.8, 0.4% SDS (w/v)

To modify the restoring gels by 1%, 0.3 ml acryldeniwas either added or reduced. In each case
equivalent volumes of water was used to subsidieed¢duction or addition.

To enhance polymerisation of the acrylamide gelspub10% (w/v) APS and 5 pl TEMED was
added per 2 gels. After mixing the solution thotadyg3.55 ml was cast on a gel tank, covered with
a layer of water and incubated at RT for 20-30 moirpolymerise to a solid gel. Afterwards, the
water above the gels were poured out and 1.2 rokisig gel solution cast and combs with the
required number of slots inserted. After 20 miruipation at RT the polymerised gel was ready for
use. The combs were then removed and protein sartgaded in the slots and the electrophoresis
started. Complete separation of the protein moéecig achieved if the staining solution in the
sample buffer is seen almost running out of the Teé electrophoresis is then stopped and the gel
either stained for visualisation of the protein d&r used for western blot analysis.

For non-denaturing gels the preparation was dorabase but without SDS in the buffers and the
electrophoresis ran at 100 V constantly.

In order to separate protein mixtures with veryhhigbove 100 kDa) as well as very low (10 kDa)
molecular weight molecules, gradient gels were u$edast such gels, solutions were prepared for
16%, 12.5%, 10%, 7.5% and 4% gels. These soluti@ns used to cast five gels by loading 1 ml of
each solution after the other, starting with thghlest concentration. After loading the lowest
concentration (4%) combs were inserted immediadely the gels left for polymerisation at RT.

The gels were used after polymerisation as stdiedea

9.2.3 Tricine-SDS PAGE

With the Tris-Tricine- System, proteins with molé&ou weights between 1-100 kDa, are
conveniently separated on the same gel. The sigaad the restoring gels are prepared parallel
and cast after each other before letting polymeaoisdo take place.

Separation is done in the stacking gel at 60 Viarte restoring gel at a maximum of 120 V.

Solutions for Tricine-gel system:

Anode buffer: 0.2 M Tris-HCI, pH 8.9.

Cathode buffer: 0.1 M Tricine;
0.1% SDS
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0.1 M Tris-HCI, pH 8.3 (pH is not adjusted).

Gel buffer: 0.3% SDS
3 M Tris-HCI, pH 8.45

Acrylamide stock solution: 30% Acrylamide (w/v)

0.8% N,N"Methylenbisacryl-amid (w/v).
Values for 4 mini gels:
Restoring gel: 3.lLAwrylamide stock solution

5 ml gel buffer

1.5 ml Glycerine

+ dd HO to 15 ml

75ul APS (10%)

7.5ul TEMED
Stacking gel: 1 ml plamide stock solution

3.1 ml gel buffer

+ dd HO to12.5 ml

100ul APS (10%)

10ul TEMED
Stacking gel is loaded immediately after loadingre$toring gel solution then the gel left to
polymerise.

9.2.4 Staining proteins on acrylamide gels

9.2.4.1 Staining with coomassie-blue solution

Just like in the Bradford test protein moleculesdbedded in gels react with coomassie G250 to a
blue complex. Nevertheless the method is not sseitbemand protein bands with less than 200-400
ng are not detectable. The Biosafe coomassie (Bo)-Rwas used in this work. After
electrophoresis, the gels were removed and washgoheés 5 min with distilled water. After
washing, each gel was immersed in 25 ml Biosafen@@®sie solution and incubated on a shaker at
RT for 1 h. The staining solution was then remosead the gel washed with water till the bands
were seen clearly and no background was left.

9.2.4.2 Staining with silver nitrate

Ag” ions react and build complexes with Glu-, Asp- &s- rests of proteins. Reducing the*Ag
complexes with formaldehyde leaves silver metalictvis then visualised where the protein bands
are located. Opposed to coomassie stain, stainitigsiver nitrate is very sensitive and protein
bands with only 10 ng protein are detectable. Unfately, nucleic acids, lipopolysaccharides,
lipids and glycolipids on the gel are stained, mgksilver staining of protein unspecific. The
method used here was modified according to (Hewkesh &  Dernick, 1988). After
electrophoresis the gel was incubated for 30 miBGinml fixation solution at RT, then washed 3 x
20 sec with ddkD. Incubation for 1 min in sensitizer solution @lled, after which the gel was

washed 3 x 20 sec with ddBl. The gel was then incubated for 20 min in silvérate solution and
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washed again as before. To visualise the bandgeh&as incubated in developing solution till
protein bands were visibly gold brown. The reacti@s then stopped with fixation solution and the
gel washed with water.

Fixation solution: 50% ethanol, 12% acetic acid in d€MH
Sensitizer solution: 0.02% sodium thiosulphite in dg

Silver nitrate solution: 0.1 g AgNQ
0.02%rfaldehyde,
Filleal 50 ml with ddHO

Developer: 3% sodium carbonate
0.05%rfaldehyde
0.00058&@®im thiosulphite

9.2.5 Western-blot

Protein transfer from gels to nitrocellulose memileravas performed by the Semi-Dry-Method in a
Bio-Rad blot apparatus.

After complete separation of protein by electrogists the gels were sandwiched between filter
paper and nitrocellulose membrane in blot buffeghsthat there were no gas bubbles between
them. Due to negativity of the protein moleculest@d®DS PAGE, they therefore move from the gel
(cathode end) towards the membrane (anode endhiedblot system when blotted in buffer (150
mM glycine, 20 mM Tris-HCI, pH 8.3, 10% ethanol\)). The transfer procedure is performed at
4°C with constant current at 250 mA for 60 min.

9.2.5.1 Staining protein on nitrocellulose membrane

After the transfer process, the blot membrane nsoreed from the sandwich and a control of the
transfer process performed by staining the membfand min with the reversible protein dye
Ponceau-red. Washing the membrane with water redumekground stain and makes protein bands
visible. 5x Ponceau red stock solution (2% Ponaeduiw/v), 30% TCA (v/v), 30% Sulfosalicylic
acid (w/v). Working solution was diluted 1:5.

In cases where unstained molecular weight standaeite used, ponceau stained marker-bands
were marked on the membranes with a pencil, themdambranes destained with PBS-T.

9.2.5.2 Immuno-histochemical detection of protein on nitraellulose membrane

9.2.5.2.1 Chemiluminescence detection

Proteins transferred to nitrocellulose membranesbeadetected by their specific antibodies, if the

membranes are incubated in a solution of the adit#so To avoid unspecific binding of other
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proteins by the primary and secondary antibodiesnbranes are first of all incubated in PBS with
5% (w/v) non fat milk powder for 1- 2 h at RT oremight at 4°C. After the blocking step
membranes are washed 2 x 5 min with PBS-T thenbiated in primary antibodies in PBS-T
overnight at 4°C. The primary antibody is then rggtand the membrane washed 2 x 5 min with
PBS-T. Horse-raddish peroxidase coupled secondargaaly in PBS-T is put on the membrane
and incubated for at least 1 h at RT. After waslng5 min with PBS-T and 1x 5 min with PBS to
remove residual Tween-20 which interferes with E@L reaction, the membranes were then
prepared for ECL reaction in transparent plastils fand molecular weight standard bands marked
with a fluorescent wax. The ECL reaction was ingthby incubating the membrane in the luminol
reaction mix (1 ml Luminol B, 10 ul luminol soluticA and 3 pl luminol solution C). Visualisation
and documentation of the chemiluminescence waseeid with the digital Fujifilm LAS-1000
Imaging-System and captured on a CCD-camera. Images then converted to a photoshop
compatible format and transferred for further pesoeg.

9.2.5.2.2 Colorimetric detection with AEC substrate

Besides the chemiluminescence method, the detectiotine peroxidase coupled antibody on
western blots could be established by colorimestaaning with the commercially available AEC
detection kit (Pierce). For this detection 1 ml X&C reaction buffer was added to 8.8 ml d@H
200 pl of the 50x substrate was added and theigolumixed shortly by vortexing. The blot
membranes were then incubated in the reaction neixill the reddish-brown protein bands were
visible.

9.2.6 Purification of Ab from sera of immunized rabbits and cell culture supernatant

Blood was collected from rabbits immunized with ram¥DPPIV protein or GFP protein every one
to two weeks and centrifuged for one hour at 3Q@8.rThe supernatant was then collected and
used for purification of polyclonal antibodies torhan-DPPIV or GFP.

Anti-GFP mAb was purified from cell culture supaaras of hybridoma cells. The purification
procedure was performed with the Affi-GeProtein A MAPS Il Kit (BioRad) according to
manufacturer’s instructions. A 1x 10 cm Econo-calughromatography column (Bio-Rad) was
packed with 1 ml of the Affi-Gel protein-A-agarosuivalent to bind 6-8 mg/ml IgGThe resin
was equilibrated with 5x 1 ml pH 9 binding buff@répared as stated in the product manual). 2 ml
cell culture medium from the hybridoma cells (oml rabbit serum) were diluted with 2 ml of
binding buffer then transferred to the columns amclbated for 15 min at RT with rocking.
Unbound components were washed away with 15 timed binding buffer and the respective

antibodies eluted with 10 x 700 pl pH 3.0 elutiarffer. Eluates were neutralized immediately by
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adding 100 pl of a 1M Tris HCI, pH 9.0 in each tubevhich eluates were collected. After elution
the column was washed with 5 x 1 ml regeneratiofiebiand stored in PBS containing 0.05%
(w/v) sodium azide.

The eluates were pooled and desalted as well azotrated in a Vivaspin column (Vivascience) at
4°C and 3000 rpm and the concentrations and pu@iermined by BCA and SDS PAGE

respectively.

9.2.7 Preparation of immuno-affinity columns

150 mg Affi-gel 10 protein-A-sepharose (Amershamartacia, Uppsala, Sweden) was loaded on a
10 ml disposable chromatography column and wastvezk twith 1 ml ice cold double distilled
water. About 3 mg purified antibody in 15 mM sodiyhosphate buffer pH 8.0 was put on the
resin and the columns incubated for 3-6 h at RTog@rnight at 4°C) for covalent binding to take
place. Subsequently, unbound antibodies were d¢etleas flow through and the sepharose washed
once with 1 ml 1 M ethanolamine pH 8.0. Blockingtlé sepharose is performed with 3 ml 1M
ethanolamine pH 8.0 for 2 h at RT. Finally the sepke coupled with antibody was washed three
times with 15 mM sodium phosphate buffer pH 8.Q. later use of the affinity columns, 1 ml PBS
with 0.02% NaN3 was added to the sepharose aneidsér4°C.

9.2.8 Purification of DPPIV from Sf9 insect cells

9.2.8.1 Purification by immuno-affinity

Cells were washed once with PBS and resuspendsdlubilisation buffer (10 mM Tris pH 7.8,
150 mM NaCl, 1mM CaGJ 2% (w/v) CHAPSO containing Trasylol (1:1000) &h8 mM DTT as
protease inhibitor and reducing agent respectivéiffer a 6 x 30s sonication step the cells were
incubated overnight at 4°C with agitation. The bdlsed protein was fractionated by 45 min
centrifugation at 18,000 rpm. Supernatants comgirsoluble DPPIV were used directly for
immuno affinity chromatography. Protein coupling the column was performed overnight at 4°C
with agitation. Unbound protein was collected asvfthrough and the resin washed once with 1 ml
DPPIV native washing buffer 1(50 mM Tris pH 7.2, M NaCl, 0.5% (w/v) n-octyl-b-D-
glucopyranoside) and twice with 1 ml washing bu2efl0 mM Tris pH 7.2, 150 mM NaCl, 0.1%
(w/v) n-octyl-b-D- glucopyranoside). Elution of DRPwas done with 6x 250 pl elution buffer (50
mM Diethylamine pH 10.8).

9.2.8.2 Purification of protein by size-exclusion fast preéein liquid chromatography

Fractions containing the immuno-purified DPPIV wemled and further purified by SE-FPLC on
a Superdex 200 column (GE Healthcare) which hadh eegiilibrated with PBS. Elution of the
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protein was performed with PBS containing Trasylol000) as protease inhibitor at a flow rate of
0.3-0.5 ml/min. Size exclusion standards were migen same buffer conditions. A standard linear
regression curve was generated by plotting thefdge molecular mass of the different calibration
proteins against their retention volumes. Companesit the gelfiltration standard (BioRad):
thyroglobulin (670 kDa)y-globulin (158 kDa), ovalbumin (44 kDa), and mydglo (17 kDa).

9.2.9 Determination of DPPIV enzyme activity

9.2.9.1 By photometric determination

To verify if the purified DPPIV protein was enzyneaily active, a colorimetric enzyme assay was
performed. 5 ul DPPIV sample of known dilution wesed per 100 pl assay. 100 nM (1 ul) of the
chromogenic substrate, H-Gly-Pro-p-NA-HCI, (BacheBwubendorf, Switzerland) was used.
Briefly, enzyme and substrate were pipetted intthisngdf a 96 well plate and 94 ul reaction buffers
(100 mM Tris pH 8.0) were added. The plates weceahated at 37°C for 5 min and the absorbance
measured at 405 nm with the Spectra Rainbow miatepkader (TECAN, Austria). The enzyme

activity of DPPIV was calculated by the formula:

Bos-Epank X dilution factor

C= oo £ = 14.4 cni/umol and d = 0.266 cm
€.d.t (min)

C/total protein used in pug, gives the enzyme actiyi in U/ug

9.2.9.2 Determination by colorimetric on-blot detection

For the evaluation of DPPIV enzyme activity on bheémbranes the protein were separated on
acrylamide gels under non-reducing conditions dottdd. The blot membranes were washed once
with 100 mM Tris pH 8.0. The membranes were theunlated for 2 h at 37°C in 0.1 mg/ml of the
substrate Gly-Pro-4-metho3snaphthylamide-HCI (Bachem) in 100 mM Tris pH 8After
washing the membrane once with 10 mM sodium acétafer pH 4.5, detection of the cleaved
methoxyf-naphthylamide was performed with 0.25 mg/ml GBGstF&arnet diazonium salt
(Sigma) in sodium acetate buffer. Reaction of GB{StFGarnet diazonium salt with the cleaved

methoxy-naphthylamide gives a reddish product erpibsitions of cleavage.

9.2.9.3 Monitoring HIV1-TAT influence on DPPIV cleavage of GLP1, GIP1 and NPY by
MALDI-TOF MS

DPPIV cleavage of GLP1, GIP1 and NPY was evaludtgdneasuring the spectra of cleaved
substrate at different time points by MALDI-TOF reapectrometry. To proof the inhibitory effect
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of the HIV1-TAT protein on DPPIV enzyme activitl, coli expressed, full length (1-86) HIV1-
TAT protein from Immuno-Diagnostics, USA was uséte GLP1 (7-36), GIP1 (3-42) and NPY
peptides used were from Genscript Corp.

A 100 pl assay sample composed of (final conceatrs) 17 mM Tris pH 7.5, 20 mM KCI, 15 mM
NaCl, 0.5 mM DTT, 1.4 ug DPPIV (16 nM), 10 pg GLEIL.25 uM) and 10 pg TAT (1 pM; Mw:
10 KDa). The substrate was added last in each Festassays without HIV1-TAT, equivalent
volumes of TAT storage buffer (50 mM Tris pH 7.5m8/4 DTT and 200 mM KCI) were added to
the mixture.

After pipetting all assay components, 5 pl was kjyicemoved and added to a 0.5 pl 1% TFA to
stop the reaction. This sample was at time t =& @ssay mixture was incubated at 37°C and
aliquots of 5 pl removed at 5 minutes intervals {f6 minutes) and stopped with TFA.

1 ul of the reaction mixtures at time-points t =50,10 and 15 minutes were spotted on a MALDI
target and 1 pl of the matrix ACCA (alphacyano eimic acid) was added to each spot. The target
was left for a short while at RT to get dried aftdrich detection of the mass spectra in a MALDI
TOF MS (Bruker Ultra Flex Ill) analyser followed.

9.2.10 Co-expression of human-DPPIV and HIV1-TAT inSf9 insect cells

In order to monitor a possible co-localisation dmding of human-DPPIV and HIV1-TATS9
insect cells were co infected with DPPIV- and HIVAT recombinant baculoviruses. Briefly, 1 ml
DPPIV- and 0.5 ml HIV1-TAT recombinant baculovirgsginal MOI ratio, 1:1 pfu/cell) were put
on 20 mIS9 cells at a density 2 x $@ells / ml and incubated with shaking at 27°C Zodays.
Cells were harvested by 5 minutes centrifugatioc2080 rpm, washed once with PBS and evaluated

by flow cytometry, fluorescence microscopy and inmoprecipitation as described below.

9.2.11 Evaluation of DPPIV and TAT co-expression by floncytometry

DPPIV and TAT co expression &9 cells was evaluated in single fluorescence stgiby using

the anti-TAT mAb or anti-DPPIV pAb (9/9) togetheiithv FITC-conjugated anti mouse and anti
rabbit secondary antibodies (Sigma) respectivehe €ells were then analysed on a fluorescence
activated cell sorter, FACS Scan (Becton-Dickinssar) Jose, CA).

9.2.12 Analysis of DPPIV and TAT co-expression by indirecimmunofluorescence

9.2.12.1 Immuno staining and fluorescence microscopy

After expression of respective proteins, washedednscells were fixed on slides with 3%

formaldehyde in PBS. Except otherwise indicatetls agere permeabilized with 1% Triton X100
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in PBS washed three times and incubated for 1 hobfocking buffer (PBS with 0.5% BSA and
1% non fat milk). Cells were then incubated ovehnhig either monoclonal antibody against HIV1-
TAT or polyclonal antibody against DPPIV as primantibodies. Secondary antibodies were either
Cy3 conjugated anti mouse or FITC conjugated afitbit antibodies respectively. Co-localisation
of the proteins was investigated by staining cedtdd cells with both antibodies. After incubation
in respective antibodies the cells were washedetwith PBS buffer. Finally the cells were air
dried, embedded in mounting solution and observadeu the Axio observer fluorescence
microscope (Carl Zeiss GmbH, Germany) and imagedemaith the Axio Cam. Cells co-
expressing DPPIV and CXCR4GFP were only stainech wviite anti-DPPIV pAb and Cy3

conjugated anti rabbit antibodies.

9.2.12.2 Confocal microscopy

Harvested cells were washed, fixed on culture slaled permeabilized with 0.3% Triton X100 and
blocked with 1% BSA and 1% non-fat milk in PBS. & staining with a combination of anti-

TAT mAb/ anti Mouse-Cy3 (red) and anti-DPPIV pAluiti Rabbit-FITC (green) was performed.
The cells were assessed tynfocal laser scanning microscopy (Carl Zeiss L&MN)) at 63-fold

magnification.

9.2.13 Co-immunoprecipitation of human-DPPIV and HIV1-TAT from Sf9 cells

After co expression cells were analysed for binch@PPIV and TAT. Immunoprecipitation (IP)
tests were performed parallel to this with samplepared by infecting cells with either of DPPIV
and HIV1-TAT baculoviruses. After 2-3 days incubatiat 27°C with shaking, cells were harvested
by 5 minutes centrifugation at 2000 rpm, washeceamith PBS and resuspended in solubilisation
buffer (PBS with 2% CHAPSO or DDM, Trasylol as @ase inhibitor and 1 mM DTT). The cells
were then sonicated (4 x 30 sec) and incubated Fmurs at 4°C with rocking. After centrifugation
for 1 hour at 15000 rpm the supernatant containsgjubilised protein was used for
immunoprecipitation or co immunoprecipitation. Feach test 2 pg monoclonal antibody to HIV1-
TAT (from Centralised facility for AIDS Reagentshd polyclonal antibody to human DPPIV
(produced in our laboratory) were used respectivhiefly, 10 mg protein-A- sepharose (per test)
was swelled and washed with PBS and 2 ug of theeotise antibodies in 1 ml PBS were added
and rocked overnight at 4°C. After washing the sepbe twice with 1 ml PBS the solubilised
protein were incubated on the antibodies for 4 fiair4°C. Unbound protein was removed and
samples washed 3 times with PBS-0.5% n-o@tid-glucopyranoside containing 1mM DTT and 1x
with PBS-0.1% n-octyp-D-glucopyranoside containing 1 mM DTT. Denaturgagmple buffer was
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added to the pellets mixed and cooked for 4 mi@9aC. Analysis was done by western blots and

detection with respective antibodies.

9.2.13.1 Immunoprecipitation of phospho-DPPIV and phospho-RT from Sf9 cells

2 ug of the respective antibodies anti-phosphaisenAb (Sigma, P3430 clone PSR-45) and anti-
phospho-tyrosine mAb (Sigma, P3300 CI-66) wereipi00 pul PBS and immobilized on 10 mg
protein-A/G-sepharose per test by rocking overnagh#°C. Unbound antibody was removed by
washing twice with 1 ml PBS and analyte proteiratgs were added and incubated for 10-16 h at
4°C. Unbound protein was removed and samples wasiestal times with native washing buffer
(PBS-0.5% n-octyp-D-glucopyranoside with 0.5 mM DTT). The pellets reremixed with

reducing, denaturing sample buffer then heated foin at 99°C and analysed by western blot.

9.2.14 Expression and purification of recombinant HIV1-TAT protein

9.2.14.1 Expression inSf9 insect cells

The HIV1-TAT cDNA was cloned in the pFastBacl dompdasmid as described under section
9.1.1.2 and used for the preparation of bacmid and reaaemnb virus as described above. The

recombinant virus was used for infection at an M©0.1-1.0.

9.2.14.2 Expression and Purification of TAT protein with GST / His-Tags from E. cali

Cloning of the TAT cDNA in appropriate expressioectors were performed as described under
section9.1.1.3 The plasmids were transformed info coli BL21. Expression of TAT fusion
protein inE. coli BL21 (DE3) pLysS was induced with 3 mM IPTG for & tat 25°C. Cell lysis
was performed in TAT lysis buffer (PBS + 5 mM DTI,mM EDTA and 1 mM PMSF, 0.2%
Triton-X100) in a constant cell disrupting syste@ofistant Systems, Daventry-Northants UK).
Lysed cells were cleared by centrifugation at 18,0pm and supernatants either used for
glutathione affinity chromatography (Constructs wiGST-tag) or Ni-affinity chromatography
(constructs with His-Tags).

Briefly, a 10 cm Econo-column chromatography coluif@ioRad) was loaded with 250 ul of either
Glutathione Sepharose (Amersham Biosciences/GEthtaaé) or Nickel-NTA-Agarose (Qiagen)
and washed twice with 1 ml PBS. The soluble fractbthe corresponding fusion protein was then
added to the resin and incubated by rocking atféf®0 min. Unspecific protein from glutathione
affinity columns was removed with PBS containing M DTT and EDTA. For Ni-
chromatography, washing was done with NiINTA staddarashing buffer (20 mM Sodium
phosphate pH 8.0, 300 mM NacCl, 20 mM imidazol).
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Protein elution from glutathione affinity chromataghy was with GST-elution buffer (50 mM Tris
pH7.5, 10 mM reduced glutathione). For Nickel-atfinchromatography, elution buffer was 20
mM sodium phosphate with 200 mM imidazol. Afterimitly chromatography eluates were pooled
and desalted on a PD10 desalting column (Amershascignces). Protein fractions were pooled
again and further purified by size exclusion FPLLdascribed under secti@n2.8.2 SE-FPLC
buffer for TAT was TBS pH 8.0 + 1-2 mM DTT.

9.2.14.3Purification of untagged TAT and TATGFP fusion protein
9.2.14.3.1Preparation of immuno affinity columns with anti-GFP and anti-TAT mAb

Immuno affinity columns of anti-GFP pAb, anti GFPAImand TAT mAb were prepared as
described for the DPPIV antibodibove. Since enough anti-GFP antibodies are preépareur

laboratory, columns were prepared with about 2-goamti-GFP antibody each. Purified anti-TAT
mADb in limited concentrations was from CFAR (cehsed facility for AIDS reagents). For the

anti-TAT affinity columns, only a maximum of 800 jagtibody was coupled on the column.

9.2.14.3.2Purification of HIV1-TAT protein by immuno-affinit y chromatography

Full length TAT (1-86) was cloned into the EcoRlIdaKkpnl sites of the pEGFP-N1 vector as
described unde®.1.1.3and used for the expression of TATGFP protein anmmalian cell lines.
The sequence-verified plasmid was stably transflecteCHO cells and expression of TATGFP
analysed by fluorescence microscopy and FACS asal$able clones were cultured to 90%
confluency on 10 large @15 cm plates then lysedsdmyication in TBS pH7.5, with 1% Triton
X100, 2 mM DTT, 1 mM EDTA and HALT! Protease inhimi-cocktail (Pierce). After clearance
by centrifugation supernatants were packed on inilisetd anti-GFP mAb columns and incubated
overnight at 4°C with agitation. Unbound proteinswaashed out with 3 x 1 ml TBS-1 mM DTT
and bound protein eluted with either high pH eltlmuffer (50 mM Diethylamine pH 10.8) and
equilibrated immediately with HCI or low pH TAT-elan buffer (100 mM Glycine pH 3.0). TAT
protein is a very cationic molecule (isoelectrigrppaf untagged protein is 9.8-10.13; calculated by
Expasy.org pl/Mw tool), but the protein is ratheonm stable at a pH lower than 6.

The untagged TAT protein expresseddf cells,E. coli BL21 were purified by anti-TAT immuno
affinity chromatography under same binding, washang elution conditions or by ion exchange
chromatography on the HiTrap Q FF anion exchanger ldiTrap SP cation exchangers (GE-

Healthcare Germany).

9.2.15 Expression and purification of recombinant Caveol-1 protein
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Expression of the Caveolin-1 fusion proteingircoli BL21 (DE3) pLysS was induced with 2 mM
IPTG for 4 hrs at 30°C. Cell lysis was performedCiavl lysis buffer (HBS = 20 mM HEPES, 140
mM NaCl pH 7.4, containing: 10% PEG-400, 1% n-dgtigsD-maltoside (DDM), 1 mM DTT, 1
mM EDTA and 1 mM PMSF) in a constant cell disruptigystem. Lysed cells were cleared by
centrifugation at 18,000 rpm and supernatants t@eglutathione affinity chromatography.

Elution from glutathione affinity chromatography svdone with GST elution buffer. After affinity
chromatography eluates were pooled desalted onl1® RBsalting column and further purified by
size exclusion FPLC as described above. SE-FPLfeigr Cavl was HBS pH 7.4 containing 200
KE Trasylol and 0.5 mM EDTA.

9.2.16 Co-immunoprecipitation of DPPIV and Caveolin-1 fuson protein

To verify if Caveolin-1 protein binds to DPPIV iimmunoprecipitation tests 20 pg purified
GSTCavl proteins were immobilized on anti Cavedlipelyclonal antibody then 10 pg purified
DPPIV in PBS was added and incubated for 2 houkewise, 10 pg purified DPPIV protein were
immobilized on anti-DPPIV pAb and 20 pg GSTCavlteio added and incubated for 2 hours.
After washing several times with PBS reducing sanqplffer was added and the resins boiled for 5
min at 98°C then blotted and probed for with eitheti-GST pAb or anti-DPPIV pAb.

9.2.17 Analysing protein structure by chemical cross linkng

During interaction and/or binding, proteins comesel to each other in biological systems. In most
cases these vivo protein-protein interactions and binding occurybriefly to facilitate signal
transductions for example. In order to capturedhmsnplexes together it is necessary to covalently
link them with each other by use of chemical crhogsers. Using chemical cross-linking agents is
suitable to determine near-neighbour relationshapslyse protein structure and distance between
interacting molecules

In this work the chemical cross linker DSPFitfiiobis succinimidyl gropionate) and its analog DSS
(disuccinimidyl suberate) (Pierce/Thermo scientific) were used talyme the structure of TAT
proteinin vivo and also to study the interaction of TAT and DPPBéth are homobifunctional
cross-linkers with N-hydroxysuccinimide (NHS) estes reactive groups which react with primary
amines at pH 7-9DSS and DSP are membrane permeable. DSS forms leamable covalent
bonds between amine groups of nearby proteins,easddSP forms thiol-cleavable bonds between
amine groups of the proteins being studied. Themiasoluble cross linkers were first dissolved in
DMSO then diluted with PBS pH 8.1 before use. Tinecsure of the cross-linkers DSS and DSP

are given irFigure 9.7.
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TAT-structure- and DPPIV-TAT binding analysis: To study DPPIV-TAT binding by cross-
linking, co expression of DPPIV and TAT was perfednnS9 insect cells. After 2 days of culture
the cells were harvested by centrifugation, washeck with PBS pH 8.0 and incubated for 60 min
at RT with 12,5 pg/ml DSS in PBS (pH8.1) or 20 pig%P in PBS pH8.1. The cells were not
permeabilised before treatment since the crossiéare membrane permeable. The reactions were
stopped by addition of 1 ml 0.1 M Tris pH 8.0 fds fnin. The cells were then centrifuged and
washed once with PBS. Cell lysis was done by stinican PBS containing 2% n-dodedyb
maltoside and Trasylol as protease inhibitor. Sbo&#tion was performed by incubating the lysed
cells for 4 hrs at 4°C with head over tail rotatioBoluble proteins were fractionated by
centrifugation at 18000 rpm for 30 min. The solublgpoernatant fractions were processed by

immuno precipitation or analysed directly by westelots.

[i] 0
~ o 0 ST 0
. M. & 3 . 0. N ,J 0. i)
. 0 s _ - &‘\! \J o —_ . | N -
1] o P i 0 0 e
1] 0
DsP D5s
M.W. 404.42 M.W. 368.35
Spacer Arm 12.0 A Spacer Am 11.4 A

Figure 9.7: Structure of the chemical cross-linkerSS and its analog DSP
DSS is homobifuntional and forms non-cleavable &&va bonds whereas DSP forms thiol-cleavable bonds

(Pierce/Thermo Scientific).

9.2.18 Analysing protein complexes by two-dimensional pghcrylamide gel

electrophoresis

Two-dimensional gel electrophoresis is suitable tfoe analysis of protein complexes since it
enables the separation of the protein moleculesrdity to their net charge (first dimension;
isoelectric focusing), and the separation accordmtheir molecular weights (second dimension:
SDS PAGE). 2D PAGE was used to analyse purified INRIAd TAT/DPPIV protein complex. For

the first dimension, 10 pg DPPIV or 10 pg TAT/DPRiwbtein complexes in TBS were mixed
with IPG-sample buffer (pH 3-10, Amersham Pharm&aech AB, Uppsala- Sweden) to 170 pl
final volumes. The samples were denatured by hgairf9°C for 3 min then isoelectric-focused
overnight on wide-range immobilized pH gradient g#lips (pH 3-10; GE-Healthcare). The
second-dimension, SDS-PAGE was performed on 8-18%is gradient gels (Anamed GmbH,
Germany). The gels were stained with either silvigrate for visualization or with Coomassie

brilliant blue solution (Bio-Rad) for analysis byAUDI-TOF- peptide mass fingerprinting.
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9.3 General cell culture techniques
9.3.1 General culture conditions

Unless otherwise mentioned, all mammalian cellseveedtured in a cell culture chamber (Heraeus
6000, Kendro Laboratory Products) at 37°C in sigtabedium with 5% CQin a fully humidified

atmosphere. The cell lines used in this work arel rsspective culture media are listed in the
material section.

In each case cells were grown to 70-90% confluemxy passaged every 2-3 days. To passage the
cells, culture medium was removed by aspiration@ails$ diluted in PBS containing 0.05% EDTA.
Aliquots of the cells were then transferred to liresedium on new culture plates. When necessary,
cells were diluted with Trypan blue and countechilNeubauer-chamber or in a Coulter Particle
Counter Z1. General cell culture materials weremfr8D Biosciences, Discovery Lab ware
(Bedford, USA), Biochrom KG (Berlin), Corning (NeWork, USA), Nunc (Wiesbaden), PAA
(Colbe) and TPP (Trasadingen, Switzerland).

Cryo-cultures: Mammalian cells usually have a finite number of celltiplications after which
they stop dividing when regularly sub cultured fofong period. In order to always have viable
cells or transfected cell lines cryo-cultures wprepared and stored at -175°C in liquid nitrogen?
For this purpose cells were pelleted and pelleiigteti in FCS/10% DMSO (dimethyl sulfoxide)
and transferred in 1 ml aliquots to cryogenic vidlbe vials were wrapped in tissue paper and
frozen for at least 2 h at -20°C, 24 h at —80°(hthieally transferred to a liquid nitrogen storage
tank. The cells are viable for years when storesiiay.

To re-culture the cells, vials were removed frora thtrogen and thawed immediately at 37°C,
briefly centrifuged and then aspirated. The cellgp& were then transferred to 37°C warm culture

media and cultured as above.

9.3.2 Transfection of CHO cells with TAT-pEGFPN1 and CXCR4-pEGFPN1 and

selection of stable clones

CHO cells at a density 1x 1Qcells/ml were plated and grown overnight to re@®$h90%
confluency, then transfected with 5-10 pg TAT-pEGHEPor CXCR4-pEGFPN1 plasmid DNA
with the Superfect transfection reagent (Qiagewpating to the user manual. Briefly, cells were
aspirated and washed then the transfection conguld®gd and kept at room temperature for 10 min.
Culture medium (w/o serum and antibiotics, suppleted with 2 mM Glutamine) was added and
the cells cultured for 5 h. Subsequently, mediurs vegplaced with alpha MEM medium containing
10% FCS and 1% penicillin and streptomycin and grdar 48 h. The culture medium was then
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removed by aspiration and the cells further gromwselection medium containing 600 mg/l G418.
Medium was changed every day in the first week ewery two days in the second week. Two
weeks later, cells were diluted into different mojglate such that only single cells / well was
present. After growing and observing the cells urild®rescence microscope positive clones could
be selected by virtue of their fluorescence. Setbaiones were analysed by flow cytometry till
there were no false-positive clones present. Celse maintained in alpha MEM medium

(Biochrom KG, Berlin, Germany) supplemented witld@eat-inactivated FCS (Biochrom KG),

0.2 mg/ml penicillin/streptomycin, and 0.1% (w/v)glutamine (Biochrom KG) at 37°C in a 5%

CO, fully humidified atmosphere.

9.3.3 Transfection of Hek293 cells with CXCR4-pEGFPN1

Except for the use of higher cell densities, Hek28Bs were transfected with CXCR4-pEGFPN1
plasmid same as indicated for the CHO cells. Seledf stable clones was achieved with 500 mg /
L G418 (neomycin).

9.3.4 Expression and purification of CXCR4GFP from CHO ard Hek293 cells

Cells were plated at a density of 1> H2lls /ml on large (@15 cm) plates and grown fafags in
selection medium. The medium was removed by agmiraind the cells removed with PBS-EDTA
and centrifuged. Cell pellets were lysed by sormcatand solubilised overnight in CXCR4
solubilisation buffer (se®.9.3.). Soluble proteins were fractionated by centritigga at 18,000

rpm for 45 min and used for purification by antiH&E&ffinity chromatography as described earlier.

9.3.5 Verification of TAT-specific transactivation activity

The HIV-TAT protein is the only transactivator peot found in HIV. It is highly conserved within
different subtypes of HIV. Its main role is thertsactivation of transcription of viral transcripts,
through its binding to the TAR RNA region on the\Hbng terminal repeat (LTR) promoter and
the induction of transcription. IRigure 1.6 in the introduction section, a diagram of the HIVR-
promoter and the position of elements involvedhia transcription of HIV transcripts is presented.
Cloning a reporter gene of interest downstreanheflfTR-promoter provides a reliable means by
which the transactivation activity of HIV-TAT pratecan be assessed. In the underlying work the
bacterial chloramphenicol acetyl transferase (CA@$ used as reporter gene.

9.3.5.1 Induction of CAT expression

To know if the TAT protein purified from the varisiexpression systems are biologically active,
their ability to activate the HIV promoter on thel3I'R (long terminal repeat) was made use of.
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The cell line HLCD4CAT (centralised facility for BIS reagents), which contains the CAT
(chloramphenicol acetyl transferase) reporter derked to the 5'LTR of HIV1 was used. Cells
were cultured on 6 well plates and grown for 24ohathieve 80% confluency. Prior to TAT
treatment the medium was aspirated and the cekhedaonce with 1 ml PBS. The TAT fusion
protein were removed from -80°C and diluted immedyawith PBS to a final concentration 0.1
pno/ul. Aliquots were mixed with culture medium tdiral concentration 125 ng /ml then added to
the test cell line. After culturing for 24 h the diem was changed against fresh medium and the
cells subjected to a further incubation for 48 huwrifked TAT fusion protein from Immuno-
Diagnostics-USA was used as positive control and Bforage buffer, GST protein and the TAT
translocation peptide TAT47-57 were used as negatontrols. After induction for 72 h the cells
were harvested and evaluated for the expressio@A0f protein by use of the commercially
available CAT-ELISA Kkit.

9.3.5.2 Evaluation of TAT induced CAT expression by ELISA

After induction cells were harvested in PBS-EDTAgslved once with PBS and quantified for CAT
protein expressed per well, for each TAT proteinstuct. The CAT-ELISA kit (Pierce, Rockford,
USA) was used according to manufacturer’s instonsti Briefly, cells were lysed with the lysis
buffer included in the kit then fractionated by tdngation. The soluble fraction containing CAT
was used. The total protein concentration of eauhpte was determined by BCA method as
described earlier and equivalent protein concdotrat per sample were used for CAT assay

according to manufacturer’s instructions.

9.3.6 Induction of CXCR4 up regulation by purified TAT re combinant protein

The HIV-TAT protein is known to up regulate the esgsion of CXCR4 in T-lymphocytes and
monocytes. In this work the characterization ofifpead recombinant TAT proteins was also
evaluated by virtue of their ability to up regul&XCR4 expression in non-transfected Jurkat cell
lines and also in CHO and Hek293 cell lines tractsie to stably express CXCR4GFP.

Similar to the transactivation test, the purifieATT fusion protein were added to the cell lines
Jurkat, CHO-CXCRAGFP and Hek293-CXCR4GFP. Negatorgrols were done with equivalent
concentrations and volumes of GST protein, the mut#@T47-57 and also TAT storage buffer.
After 24 h incubation with the fusion proteins thdture medium was changed against fresh media
and the cells incubated for further 24 h. Harvestells were washed with PBS and analysed by
fluorescence/confocal microscopy and flow cytomeffgr the Jurkat cell line immuno stain of
CXCR4 was performed with the anti-CXCR4 mAb (NumBdkP3101 from NIBSC, Centre for
AIDS Reagentsand FITC conjugated anti-mouse antibody (Sigma).
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9.4 General biophysical methods

9.4.1 Evaluating protein—protein binding by Surface Plasnon Resonance analysis
Biomolecular interactions can be efficiently inugated by surface plasmon resonance analysis, a
phenomenon that occurs in thin conducting filmsaat interface between media of different
refractive index. The principle of the Biacore gyst used in this work is quite simple. The media
of variable refractive index are the glass of asserchip and the sample solution, whereas the
conducting film is a thin layer of gold on the senship surface. An interacting partner protein is
immobilised on the surface of a sensor chip an@rséyputative binding partners of the protein are
then passed over the surface in solution. If bigdakes place between the test protein and the
putative binding partner there will be a total e&se in mass on the surface. An overall response is
generated on the surface which is proportionaht hound mass. What is measured is the total
reflection angle of a polarised light of definedwskength at the border between the glass and thin
gold film. Despite total internal reflection, ligimcident on the reflecting interface leaks electri
field intensity (evanescent wave field) across ititerface into the medium of lower refractive
index, without actually losing net energy. The atnple of this evanescent wave field decreases
exponentially with distance from the surface sa i@ effective penetration depth in terms of
sensitivity to refractive index is about 20% of twavelength of the incident light. At a certain
wavelength, the incident light excites plasmonedibn charge density waves) in the gold film. As
a result a characteristic absorption of energytivéaevanescent wave field occurs and SPR is seen
as a drop in intensity of the reflected light. Ches in solute concentration e.g. through protein-
protein binding at the surface of the sensor ckgults to changes in the refractive index of the
solution which can be measured as changes in tRec®Rditions. This is possible since Protein-
protein binding on the surface leads to changékartotal refractive index of the light reflected o
the other side of the gold film.

The Biacore technology is very sensitive and dstetianges in mass bound as low as a few
picograms per square millimetre on the sensor sarféhis corresponds to concentrations in the
picomolar and nanomolar range in the bulk sampigiso.

In this work hDPPIV purified fron®9 cells was attached covalently to either a CM5 seaokip or

a C1 sensor chip (BlAcore AB, Uppsala, Sweden) wiita Amine Coupling Kit (BIAcore AB,
Uppsala, Sweden) and the following putative bindpagtners passed over the surface to test or

proof their binding capacity to hDPPIV.
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Table 9.2: Putative binding partners of DPPIV usedn SPR binding assay

Protein Name | Expression system Purification (Company) Purpose

TAT E. coli (from Immuno-Diagnostics) test

TAT E. coli (from Prof. Roesch) test

TAT E. coli /59 Immuno affinity/SE-FPLC test
GST-TAT-His | E. cali NiNTA/SE-FPLC test
TAT10xHis E. coli NINTA/SE-FPLC test

TATV5His S9insect cells NiNTA/SE-FPLC test

GST-TAT E. coli Glutathione affinity/SE-FPLC test
GST-Cavl E. coli Glutathione affinity/SE-FPLC test

GST E. coli Glutathione affinity/SE-FPLC negative control
ADA swine positive control
gpl120-Flag S9insect cells Anti-Flag affinity chromatography agige control

The coupling procedure was performed at a flow c&t® pl/min. Briefly the surface of the sensor
chip was activated with 3%l 100 mM N-ethyl-N"-(Dimethylaminopropyl) carbodiith
hydrochloride/400 mM N-hydroxysuccinimide. Immeeigtprior to immobilisation, 8@l (20 pg)
DPPIV was diluted in 10 mM sodium acetate, pH #.5rder to assure a positive net charge of the
protein (iso-electric point of the DPPIV is 5.6Rgh injected into the Bia2000 system. The positive
net charge of the protein enables covalent attanhofehe protein to the dextran on the sensorchip
surface. After immobilisation of the DPPIV protdime sensor chip was washed with @51M
ethanolamine hydrochloride (pH 8.5) to clear unlibymotein and also deactivate the surface
against unspecific binding. Final rinsing of thepctvas done with HCI. Protein-protein interaction
analysis was performed with HBS running buffer (@M HEPES, pH 7.4, 150 mM NaCl, 1 mM
EDTA) at variable flow rates ranging from 10-30 mih depending on the test protein on a
BlAcore® 2000 (BIAcore AB, Uppsala, Sweden).

Regeneration of the surface after test injectioas done with 2@l of 1M NaCl containing 0.02%

Tween 20.

9.4.2 Analysis and identification of protein by MALDI-TOF -MS

With the aid of MALDI-TOF MS (Matrix-Assisted Las&esorption-lonization Time-Of-Flight
Mass Spectrometry) protein fragments with blockeédrmini or which are available only in limited
concentrations can be easily analysed. In this wioek GST and His fusion proteins (TAT and
Caveolin-1) expressed and purified fré&ncoli were analysed by Mass- fingerprinting.

For this purpose purified fusion proteins were sajgal by SDS PAGE and the gels stained with

Biosafe coomassie as described earlier. Correspgmuibtein bands were then excised from the gel
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neatly with a clean scalpel, cutting as close te #ddge of the band as possible to avoid
contaminations. All solutions and buffers used warepared with sterile pure HPLC grade water
(Milli-Q® Water filter apparatus, Millipore, Schwadch).

In-gel tryptic digestion of proteins:

The excised bands were cut into very tiny fragméiitd mm) to ease distaining and transferred to
sterile 1.5 ml Eppendorf tubes. After rinsing thel fagments once with 100 ul sterile distilled
water, the gel was distained. For that, 20 ul ¢imall bands) and 100 pl (for big bands) of a 1:1
mixture of acetonitrile and 100 mM NHCO; was added and the tubes incubated for 15 min at RT
with rocking. The tubes were centrifuged brieflydatine supernatants removed. 20 pl (100 pl)
acetonitrile was added and the tubes incubated fovin or till the gel fragments became milky
white. The supernatant were removed again andeh&gagments lyophilised for 10 minutes. 20 pl
(200 pl) of a 1:1 100 mM DTT and 100 mM KHCO; was added and the tubes incubated for 30
min at 56°C. After this incubation the tubes weeamtdfuged briefly, supernatants removed and
their volumes determined and noted. The expandddfrggments were again shrinked by
incubating in same volumes of acetonitrile as kefhien centrifuged and supernatants removed.
The milky white gel cubes were then incubated inu2@or 100 pl) iodoacetamide solutions (55
mM iodoacetamide/100 mM NHICO; for 20 min at RT in the dark. After a brief cefugation
supernatants were removed and the gel fragmentbedawith 20 ul (or 100 pl) 100 mM
NH4HCO; for 15 min at RT. Supernatants were removed agter a brief centrifugation and the
fragments shrinked for 5 min at RT with same volanoé 100% acetonitrile as before. The
fragments were lyophilised and exact volumes (aselof the supernatants noted earlier + 3 ul) of
trypsin solutions (12.5 ng/ul bovine Trypsin sequeg grade, in 100 mM NHHCOs) were added.
The tubes were then incubated on ice for 30 mim theernight at 37 °C with light shaking, for
tryptic digestion of the protein to take place.

On the next day the tubes were briefly centrifugad checked if enough supernatant for analysis
was present. If there was no supernatant pure-@ilater was added and tubes incubated at RT
for 30 min. after a brief centrifugation the supsemt with trypsin digested protein fragments were
removed and 1 pl used for analysis. To make swxethie protein fragments were isolated totally
from the tubes, 10 pl 40% acetonitrile/0.1% TFA \added to the gel fragments after removing the
first tryptic supernatant and the tubes incubatedéveral hrs at RT with shaking. The supernatants
were then transferred after a brief centrifugationclean Eppendorf tubes and 1 ul used for
MALDI-Mass fingerprinting analysis. Unused rest wéyophilised and stored at -20°C.
MALDI-TOF-MS analysis: The MALDI Mass Fingerpringnwas performed by Dr. Chris Weise
(FU Berlin) on a Bruker-Biflex Reflex Mass spectreter and by Dr. Veronique Blanchard
(Charite-Mitte) on a Bruker Ultra Flex-1ll MALDI-T® mass spectrometer (Bruker Daltonics,
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Bremen Germany) in reflector-mode witikcyano-4-hydroxycinnamic acid (ACCA, 10 mg/ mlin
70% acetonitrile and 0.1% TFA) as matrionisation was enhanced with a 337 nm-ray of a
Nitrogen-Laser. The peptide masses were deterniopexlibration with the PAC peptide calibrant
standard. Evaluation and identification of the mgsesctra were performed with help of the internet
search software Mascot (Perketsal., 1999).

9.4.2.1 Determination of O-glycans on human-DPPIV expresskin Sf9 cells

In order to verify if DPPIV is O-glycosylated, thagrotein was purified to homogeneity by
immunoaffinity chromatography and SE-FPLC. The @irotvas cleaved to shorter fragments with
trypsin, which enables the exposure of the glycameties to glycosidases in further steps of the
isolation. The spatial structures of protein ugublhder the detection of the sugars by glycosislase
and strongly reduce the vyield of isolated sugagecBic glycosidases e.g. PNGase F for the
cleavage of N-glycans are available. PNGase F ety cleaves the bond between asparagin and
GIcNAc (Tarentinoet al., 1985; Nucket al., 1990). For the cleavage of O-glycans, very few an
rare specific enzymes are available. The isolatiod characterisation of O-glycans are therefore
processed by chemical methods.

Beta (3)-elimination was used to hydrolyse the N and Qeghs. This chemical method results in
the release of the glycans completely lacking reacteducible termini. The glycans therefore
cannot be further derivatised affelimination.

Separation of N-and O-Glycans

B-elimination results in the release of N and O gha from proteins. In order to characterise the N-
and O-glycans, their separation is required. Infitlsé step the N-glycan cleavage with PNGase F is
performed and the samples purified on a C18 colupPnoteins and glycoproteins bind irreversibly
with high affinity to the matrix of the C18 colunmeanwhile free sugars have no affinity and
cannot bind to the matrix. The PNGase F releasallybhns are therefore collected in the flow-
through and wash fractions, whereas the peptid#s ovglycosidically linked glycans remain on
the column and can be eluted with acetonitrile eAflesalting and drying the samples separately
(flow-through versus eluted samplegf)elimination is performed. Analysis of both sampiss
conducted by MALDI-TOF mass spectrometry and thegea from both samples compared since
same glycans may occur in both sample as a relsmt@mplete cleavage by PNGase F in the first
step. Spectra that appear in both samples arefahefd-glycans whereas those that appear only in

the second sample (eluted from C18) are O-glyccailgi linked glycans.
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9.4.3 Analysis of protein homogeneity by transmission e@#ron microscopy (negative
staining)

Droplets of the sample (§ were applied to hydrophilised (glow dischargadai BALTEC MED
020 (BAL-TEC AG, Liechtenstein) for 60s at 8W) canbcovered microscopical copper grids (400
mesh) and supernatant fluid was removed with arffiaper until an ultrathin layer of the sample
was obtained. A droplet of contrasting material (kPanyl acetate) was added, blotted again and
air-dried. Imaging was performed using a FEG eqegppecnai F20 TEM (FEI Company, Oregon)
at 160 kV accelerating voltage under low-dose dwovts. Micrographies were recorded following
the low-dose protocol of the microscope at a primmaagnification of 62,000 x. The defocus value

was chosen to correspond to a first zero of thérasntransfer function (CTF) at ~ 15 A.

9.4.4 Crystallization screen of purified TAT10xHis and TAT/DPPIV protein

Biological macromolecules such as proteins ardestatder different conditions depending on their
primary and secondary structures. This makes thialiacreen to identify crystallization conditions
very exhaustive, since it demands testing diffetmrfter components and pH values. In order to
identify suitable crystallization conditions foretlf AT10xHis protein, the commercially available
Hampton crystal screen buffer series were used®iw@l micro plates (sitting-drop method). The
protein solution at a concentration 5-7 mg/ ml thrBM Tris pH 8.0, 300 mM KCI, 5 mM DTT)
was used, whereby 1 ul was pipetted for each bgfiadition. The trays were then incubated for
over six weeks at 4°C and observed every two waelihe appearance of protein crystals.

The human-DPPIV crystal structure was solved eaarlidowever, no knowledge about the
crystallization of the HIV1-TAT protein alone or ircomplex with another biological
macromolecule is available. The purified TAT/DPPvotein complex at a concentration 4.2
mg/ml (in PBS pH 8.0) was therefore used for ciyigtgion screen in different Hampton
crystallization buffers (sitting-drop method). Paftthe protein solution was used in a series of
buffers from literature, which were reported adahle crystallization conditions for DPPIV. For
this preparation the hanging-drop method was agphdter putting all components together, the
plates were sealed and incubated for a period wf feeeks at 4°C and observed every 2 weeks
under a microscope for the appearance of crystdis. buffer series used for the screen was
composed of 100 mM Tris, 300 mM Sodium acetate p¥ 8ontaining different concentrations
(18-29%) of PEG-4000.
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11 Supplementary Data

11.1 Abbreviations

AP Alkaline Phos e

APS Ammonium persulghat

BCA Biccin-chonin acid

bp Base pair

BSA Bovine Serum albumin

CD Cluster of Diffetetion

CHAPS 3-[(3-chloamidopropylijrtthylammonio]-1-propan sulfonate
CHAPSO 3-[(3- Cholamidopropytjdithylammonio]-2-hydroxy-1- propanesulfonate
CHO Chinese hamster ovary

CHS Cholesteryl Hemi-snete

CIAP Calf intestinal alked Phosphatase
CTD C-terminal domain

CTL Cytotoxic T-Lymphdeg

Cys Cysteine

DDM n-dodec{d-D-maltoside

DHB Dihydroxy-Benzoic dci

DMSO Dimethylsulfoxide

DNA Deoxyribonucleic Acid

dNTP Dideoxynucleotide

DSP _ iiobis succinimidyl propionate
DSS _ ifuccinimidyl siberate

DTT Dithiothreitol

E. cali Escherichia coli

ECL Enhanced Chemilurstence

ECM Extracellular Matrix

EDTA Ethylen diamintetraticacid

EGF Epidermal Growth féac

EGTA Ethylenglycol-bis(2-amethyl)tetraacetic acid
ELISA Enzyme-Linked Immunosent-Assay
ER Endoplasmic reficn

et al et alii (and others)

FACS Fluorescence-Activa@ll Sorting
FCS Fetal calf serum

FITC Fluorescein isothiaowpte

GFP Green-Fluorescentétn
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mADb
MALDI-TOF
MBP
MCS
MES
mM
MOl
MRNA
MS
MW
NBT
NCBI
NEM
oD
pAb
PBS
PBS-T
PCR
PEG
pfu

Pl
PKC
PMA

Glucagon-Like-Peptide
GlutathioBeFransferase
Guanodinghosphate

Hepes-buffered saline

Human emomic kidney
N-[2-Hyrlyethyl]piperazin-N’-[2-ethansulforic acid]
Histiéin
High Perfance Liquid Chromatography
Horse RadPeroxidase
Inditdmmunofluorescence
Immuglebulin
Immuyamecipitation
IsoprofyD-Thiogalactoside
Kilo dah
LureaBani
Molar
monoclbAatibody

Matrix-assistedder desorption/ionisation-time of flight

Mannandiiimg protein or Mannan binding lectin
Multipléoaing site
N-Morphwdi ethane sulphuric acid
milli Ma
Multiplty of infection
messengérdrucleic Acid
masscipeEmetry
MolecuMfeight
Nitroleldetrazolium chloride
Natior@énter for Biotechnology Information
N-Ethylteanid
Optic¢nsity
polynkd Antibody
PhospHaiffered saline
PBS-Tween
Polymerabkain reaction
Polyetnglycol
Pladoeming units
Propiah iodide
Proteindse C
Phorbol-aBristate 13-acetate
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PMF
PMSF
PNGase F

POD
PVDF
RNA

rpm

SDS

SDS PAGE
Sf

SPR

TAE

TBS
TBS-T
TCA
TCEP-HCI
TE
TEMED
TFA

Tris

U

wit

X-Gal

Peptide mass fingerprinting

Phenyl-nygtsulfonyl fluoride
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peptide-N4-(N-acbsta-glucosaminyl) asparagine amidase or

amidohydrolase

Peroxielas

Polyvinyifldoride

Ribonucléicid

rotatiquesr minute

Sodium dogl sulfate

SDS-poly acryildengel-electrophoresis

Spodoptera frugiperda

SurfacesRlan Resonance

Tris AcetdE®TA-buffer
Tris-buffdr8aline

TBS- Tween 20

Trichloroetx acid
Tris (2-carboxygl) phosphine-HCI
Tris-EDTA
N,N,N',N'-Tetrathylendiamine
Trifluoro etic acid

Tris (hyanethyl) aminomethane
Units

Wild type

5-Bromo-4-ohb-3-indoylf$-D-galactoside

N-linked glycopeptide-(N-acetyl-beta-D-glucosamjrlytasparagine
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11.2 cDNA sequences

11.2.1 CXCR4

The cDNA of the human CXCR4-Variant 2 that was afigal by PCR is given below. The bases in
blue constitute the primers used in PCR. Underliagsl the recognition sites for the restriction
endonucleases used in cloning. The start codoneo€XCR4 ORF is highlighted in red. The bases
in green indicate additional bases which lie betbeeORF of the CXCR4 gene.

ACTATAGGGC GGCCGCGAAT TGGCACGAG GGCCGAGGGC CTGAGTGCTEC
CAGTAGCCAC CGCATCTGGA GAACCAGCGG TTECATGGA GGGGATCAGT
ATATACACTT CAGATAACTA CACCGAGGAA ATGGGCTCAG GGGACTAGA
CTCCATGAAG GAACCCTGTT TCCGTGAAGA AAATGCTAAT TTCAATAAAA
TCTTCCTGCC  CACCATCTAC  TCCATCATCT TCTTAACTGG  CATTGTGGC
AATGGATTGG TCATCCTGGT CATGGGTTAC CAGAAGAAAC TGAGAAGAT
GACGGACAAG TACAGGCTGC ACCTGTCAGT GGCCGACCTC CTCTTTeA
TCACGCTTCC CTTCTGGGCA GTTGATGCCG TGGCAAACTG GTACTGGG
AACTTCCTAT GCAAGGCAGT CCATGTCATC TACACAGTCA ACCTCTRAG
CAGTGTCCTC  ATCCTGGCCT TCATCAGTCT GGACCGCTAC CTGGCCEBG
TCCACGCCAC CAACAGTCAG AGGCCAAGGA AGCTGTTGGC TGAAAAGTG
GTCTATGTTG  GCGTCTGGAT CCCTGCCCTC  CTGCTGACTA  TTCCCGAT
CATCTTTGCC AACGTCAGTG AGGCAGATGA CAGATATATC TGTGACGCT
TCTACCCCAA TGACTTGTGG  GTGGTTGTGT TCCAGTTTCA  GCACATATG
GTTGGCCTTA  TCCTGCCTGG TATTGTCATC CTGTCCTGCT  ATTGCARAT
CATCTCCAAG CTGTCACACT CCAAGGGCCA CCAGAAGCGC AAGGCCCA
AGACCACAGT  CATCCTCATC CTGGCTTTCT TCGCCTGTTG  GCTGCCTAC
TACATTGGGA  TCAGCATCGA CTCCTTCATC CTCCTGGAAA TCATCAGCA
AGGGTGTGAG TTTGAGAACA CTGTGCACAA GTGGATTTCC ATCACCBGG
CCCTAGCTTT CTTCCACTGT TGTCTGAACC CCATCCTCTA  TGCTTKIT
GGAGCCAAAT TTAAAACCTC TGCCCAGCAC GCACTCACCT CTGTGAGAG
AGGGTCCAGC CTCAAGATCC TCTCCAAAGG AAAGCGAGGT GGACATCAT
CTGTTTCCAC TGAGTCTGAG TCTCAAGTT TTCACTCCAG TCTAGATGC

11.2.2 Caveolin-1

The cDNA of the human-Caveolin-1 that was amplifigdPCR is given below. The bases in blue
constitute the primers used in PCR. Underlined e recognition sites for the restriction

endonucleases used in cloning. The start coddmeo€aveolin-1 ORF is highlighted in bold.

GAATTCATGT CTGGGGGCAA ATAGGTAGAC TCGGAGGGAC ATCTCTACAC
CGTTCCCATC CGGGAACAGG GCAACATCTA CAAGCCCAAC AACAAGGCA
TGGCAGACGA GCTGAGCGAG AAGCAAGTGT ACGACGCGCA CACCAAGAG
ATCGACCTGG TCAACCGCGA CCCTAAACAC CTCAACGATG ACGTGQIAA
GATTGACTTT GAAGATGTGA TTGCAGAACC AGAAGGGACA CACAGTTITG
ACGGCATTTG GAAGGCCAGC TTCACCACCT TCACTGTGAC GAAATATGG
TTTTACCGCT  TGCTGTCTGC  CCTCTTTGGC  ATCCCGATGG CACTCATG
GGGCATTTAC  TTCGCCATTC  TCTCTTTCCT  GCACATCTGG  GCAGTTIAC
CATGCATTAA  GAGCTTCCTG  ATTGAGATTC AGTGCATCAG CCGTGTCTAT
TCCATCTACG TCCACACCGT CTGTGACCCA CTCTTTGAAG CTGTTG&EAA
AATATTCAGC AATGTCCGCATCAACTTGCA GAAAGAAATA CTGCAG
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11.3 MALDI-TOF peptide-mass-fingerprints of analysed puified protein

The recombinant HIV1-TAT, human-DPPIV and human-€&dw-1 protein were purified and
analysed by MALDI-TOF peptide-mass-fingerprinting i@adicated under results. The identified
peptides of the various proteins are given below.

11.3.1 Recombinant proteins expressed ik. coli

Peptide masses of the GST-TAT-His double band

— 4 P
3 x10 © 10 (169) neues Trypsin\0_A16\1\1SRef
o 8
" 2
[=4 g
8 & 8
c - Ng —
= N~ — - -
5 Band 1 = GST-TAT-His
[}
<
64 ©
©
oo}
] -
©
44 ) -3
© N
~oN <
B I &
® i 8
3 3 o5y > 3 3
3 9% Ta- @ RGN 2 2 -
2l o s T o <35 @ o - S © ©
] @ o ® JFon Qoo Y Al B I : ® - ©
2 ® o 0 < L ot (Do g oo} © 3] N~ -
= 0 oS v Yo QP = ¥ © Qo o © FA - -
) ™ — - N ) &% - o N < 0 0
o™ o T um o — N~ o 3 N ©
© < Q ) o | o R © © ~ o N
508 %2 ;© w1 2 -l @ 3@ - © Q S oy ¥ = o 2
N 8 T gy 3 3 e I8 g <
- o 20 - o) » 9 I N
« NN lN «
R Aichatidibtioholioicn Lk whod J._LL._
= 0t i
e x108 . 11 (170) neues Trypsin\0_A17\1\1SRef
© -1 0
< «Q
12}
c g
2 © .
c - —
- o — - -
: Band 2 = GST-TAT-His
8
61 ©
Q
3 ® ©
44 0 © N
o ]
3 2 g2 g3
Y 3 N~ S’,, -
o o © N -3 - <+ 3
o © 2 o3 -~ [ &
I o 0T 9 0 ™ ©
o 3 - S0 1] © « I}
~ 0 (=S [te} b e} @ o
N o O o= 2w <8 © k3 © -
4 NIE @m o - T ~| S 5 B2 - N 0 b
© N : © 0 D ® o ~ )
0 o > 2} R RO ~ ) 3
<18 3‘3’0’ - o 2o % - © o © © N o 2
A s q © o © B o : N g SIS
© > N ® T Mg e < 3 %o =
& - 03 * 8 I Q S <
- - « N ® e
2 3 Qo
~ N &
R A || ) o b.a bk
T T

)
>
S
S

T T T T v T v T T T T T T T T
800 1000 1200 1400 1600 1800 2000 2200 2400

3
]



| 191

Supplementary data

GST-TAT-His
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TAT-1-86 (blue), and TATHis (red) from E. coli
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GST Caveolin-1
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11.3.2 Recombinant proteins expressed i5f9 cells

T
1600

T
1800

Human-DPPIV from Sf9 cells. The identified peptides are highlighted in red.

T
2000

1 MKTPWKVLLG LLGAAATVTI ITVPVVLLNK GTDDATADSR KTYTLTDYLK
51 NTYRLKLYSL RWISDHEYLY KOENNILVEN AEYGNSSVFEFL ENSTEDEFGH

101
151
201
251
201
3251
401
451
501
551
601
651
701
751

SINDYSISPD
NTQWVTWSPV
WVYEEEVESA
TVRVPYPKAG
CDVTWATQER
TGWVGREFRPS
TWEVIGIEAL
PERCQYYSVS
DKMLQNVQMP
CSQKADTVER
FEVEDQIEAA
IAVAPVSRWE
LLIHGTADDN
IYTHMSHFEIK

GOFILLEYNY
GHKLAY VNN
YSALWWSPNG
AVNPTVKFEV
ISLOWLRRIQ
EPHFTLDGNS
TSDYLYYISN
FSKEAKYYOL
SKKLDFIILN
LNWATYLAST
ROFSKMGEVD
YYDSVYTERY
VHFQOSAQIS
QOCFEFSLP

VKQWRHSYTA
DIYVKIEPNL
TFLAYAQEND
VNTDSLSSVT
NYSVMDICDY
FYKITISNEEG
EYKGMPGGRN
RCSGPGLPLY
ETKFWYQMIL
ENIIVASFDG
NKRIAIWGWS
MGLPTPEDNL
KALVDVGVDE

SYDIYDLNKR
PSYRITWTGK
TEVPLIEYSE
NATSIQITAP
DESSGRWNCL
YRHICYFQID
LYKIQLSDYT
TLHSSVNDKG
PPHEDKSKKY
RGSGYQGDKTI
YGGYVTSMVL
DHYRNSTVMS
OAMWYTDEDH

QLITEERIPN
EDITYNGITD
YSDESLOYPK
ASMLIGDHYL
VARQHTEMST
KKDCTFITKG
KVTCLSCELN
LRVLEDNSAL
PLLLDVYAGP
MHATNRRLGT
GSGSGVEFKCG
RAENFKOVEY
GIASSTAHOH

3
: 4

HIV1-TAT co-purified with human-DPPIV from Sf9 cells. The identified peptides are highlighted in red.
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GSQTHQVSLS KQPTSQPRGD PTGPKES
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MEPVDPRLEP WKHPGSQPKT ACTTCYCKKC CFHCQVCFTT KALGISYGRK KRRQRRRPPQ

50

60



Supplementary data

11.4 Maps of cloning vectors used

M13 Reversa primng sta

LLiTY ]

201 CACACAGGAA ACRGCTATGA CCATGATTAC GCCAAGCTAT TTAGGTGACS CGTTAGRATA
GTGTGTCCTT TGETCGATACT GGTACTAATE CGETTCGATA RATCCACTGC GCAATCTTAT

Ml M 1) pn i Snc b Rami | |

CTCAAGCTAT GCATCARGCT TGGTACCGAG CTCGGATCCA CTAGTAACGE CCGCCAGTET
GRAGTTCEATA CETRAGTTCGAR ACCATGGCTC GRGCCTAGGET GRTCATTGECC GECGGTCACH

Feal |

GCTEEAATTC AGE
CEACCTTAAE TOC Blunt PCR Product

Bt | X | ] Mg

Feall |

CCTEARTTCT GCAGARTA
GEACTTAAGR CGTCTAT

Pet| FooH Y
i

T7 proemoipripriming =44

TCCATCACAC TEECGECCGC TCGAGCATGEC ATCTAGAGGE CCCAATTCGC CCTATAGTER
RAGETAGTETE ACCGCCEGCE AGCTCGTACE TAGATCTCOC GEETTAAGCGE GEATATCACT

M13 Farmand {-20) pnming sile

GTCEGTATTAC ARATTCRCTGEE COGTCGTTTT ACRACGTCGT GACTGEGEAAAR RCCCTGEECGET 470
CAGCATAATGE TTAARGTGACC GGECAGCAAARAR TETTECAGCA CTEACCCTIT TGEERCCGCR

N

pCR"-Blunt
3.5 kb

Comments for pCR™-Blunt

3512 nuclootides Zepcin

Lal promoteroperator region: bases 95-216
13 Reverse priming site: bases 205221
LacZ-alpha ORF: bases 217-570

T7 promoter priming site: bases 400-41%

13 Forward (-20) priming site: bazes 427-442
Fusion joint: bases 571-579

C00B |ethe! gens ORF: basess 530-832
Kanamycin rasistance ORF: bases 1231-2025
Zeocin resistance ORF: basaes 3231-2605
pUC ongin: basas 2673-3386

-
B

=)

=
b
r]
£

Invitrogen

life technologies
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pPQE-60 Vector (QIAGEN)

PRE-60 Vector

Positions of elements in bases
Vector size (bp) 3431
Start of numbering at Xhol (CTCGAG) 1-6

T5 promoter/lac operator element 7-87
T5 transcription start 61
6xHis-tag coding sequence 133-150
Multiple cloning site 113-132
Lambda #, transcriptional termination region 173267
rrnB T1 transcriptional termination region 1033-1131
ColE1 origin of replication 1608
B-lactamase coding sequence 3226-2366

f

£

3

s
I_|

%
PTS —lac © — lac ©— RBS |ATG- MCS gt EiisisRerets ST
|

4\\('
Z
o
£ pQE-60
3.4 kb
Col E1
pPQE-60
Eco RI/RBS MNco | Bam HI Bgl Il &xHis Hind Il to

[CCAToSoCACCATCCAGATCT | I TAAGCTTAATTAGCTGAS

Map of pRSET A, B, and C

PRSETA, B,and C  The map below shows the features of pRSET A, B, and C. The complete Multiple Cloning Below is the multiple cloning site for pRSET B. Restriction sites are labeled to
sequence of the vector is available for downloading from our website at Site of pRSET B
www.invitrogen.com or from Technical Support (see page 18).

indicate the actual cleavage site. The boxed nucleotides indicate the variable
region. Sequencing and functional testing have confirmed the multiple cloning
site. The complete sequence of pRSET B is available for downloading at
www.invitrogen.com or from Technical Support (see page 18). For a map and
description of the features of pRSET B, please refer to pages 14-15.

T7 promoter RBS
21 AATACGACTC ACTATAGGGA GACCACAACG GTTTCCCTCT AGAAATAATT TTGTTTAACT TTAAGAAGGA

Polyhistidine (6xHis) region
1 T

T
91  GATATACAT ATG CGG GGT TCT CAT CAT CAT CAT CAT CAT GGT ATG GCT AGC ATG ACT
Met Arg Gly Ser His His His His His His Gly Met Ala Ser Met Thr

T7 gene 10 leader Xpress™ Epitope BamH | Xho! Sac|
1

r i |
148 GGT GGA CAG CAA ATG GGT CGG GAT CTG TAC GAC GAT GAC GAT AAG GAT (TG AQC TCG

Gly Gly Gln Gln Met Gly Arg Asp Leu Tyr Asp Asp Asp Asp LysgAsp Pro Ser Ser
EK recognition site K cleavage site

Bglll Pstl Pvull KpnlNcol EcoRI BstBIHind Il

i | | |
205 AGA TCT GCA G‘CT GGT ACC ATG GAA TTC GPIA GCT TGA TCCGGCTGCT AACAAAGCCC
Arg Ser Ala Ala Gly Thr Met Glu Phe Glu Ala ***

T7 reverse priming site
o e g
261  GAAAGGAAGC TGAGTTGGCT GCTGCCACCG CTGAGCAATA ACTAGCATAA

Comments for pRSET A
2897 nucleotides

*Version C does not contain Sac |
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PEGFP-N1 Vector (CLONTECH)

HEUTK
EGFFP
WA pEGFP-N1
4.7 kb

r 5340
Kwﬂ;l']r pok A

Stul

1 B01 B11 b1 [2]] [ BE1

| 196

& CTA GGG CTA CCG GAC TCA GAT CTC GAG CTC AAG CTT CGA ATT CTG CAG TCE ACG GTA CCE GGG GGG GGG GAT CCA CCG GTC GG ACC ATE BTG

Nbe | Ecod? Il Bglll  Xial S\;ll:lHle'd”l EcoR 1 Parl  Sall  Kpol Apal
Ll

Acc| Aspmiel Yy Bspizol Xma|
Sacll 5
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pPGEXAT vector (from Amersham)
pPGEX-4T-1
Thrombin

|Leu vial Pro Arg‘LGly Ser |Pro Glu Phe Pro Gly Arg Leu Glu Arg Pro His Arg Asp
CTG GTT CCG CGT lGGﬂ\ TCCICCGIGAA T"I'ICI CCo G.G.T CGAICITC GAIGICGG CCG CIAT CGT GACTGA

BamH| ECORl —gmar . Sdl “wha . Notl Stop codons

PGEX-4T-2

Thrombin

ILeu Val Pro Argl'Gly Ser |F’ro Gly Ile Pro Gly Ser Thr arg aAla Ala  ala Ser
CTG GTT CCG CGT GGATCC CCA GGAATT CCC GGG TCG ACT CGAGCG GCCGCATCG TGA

i : L s
BamHlI ECoRI sall <hol Notl Stop codon

smal
pPGEX-4T-3
Thrombin

|l_eu Val Pro Arg'LGIy Ser|Pro Asn Ser Arg Val Asp Ser Ser Gly Arg lle Val Thr Asp
CTG GTT CCG CGTIGGA TCCJ CCIG AAT T:CIC CGGIGTC GAlC'TCG AlGlC GGC CGCl ATCGTG ACT GAC TGA

BamH| ECoRI sall “%hor . Notl Stop codons

smal

Tth111 |
Aatll

pSj10ABam7Stop7
Pst |

pGEX

~4900 bp

Mar |

EcoR V

BssH 1l

Apa |

BstE Il pBR322

ori

Miu |
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T_—= - = ___~=
=T —— _
ETEn==o p=om_ Do oE
Hwd G2 M 0o WL a8

| mCmwlmnna =L xnl |

Comments for pFastBac™1
4775 nucleotides

f1 origin: bases 2-457

Ampicillin resistance gene: bases 538-1449

pUC grigin: bases 1594-2267

Tn7R: basss 2511-2735

Gentamicin resistance gens: bases 2802-3335 (complemsentary strand)
Palyhedrin promoter (PpH): bases 38044032

hultiple cloning site: bases 4037-4142

SWi4 0 polyadenylation signal: bases 4160-4400

Tn7L: bases 4429-4594

-

¢3) Invitrogen

life technologies
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11.5 Publications and manuscripts under preparation

®
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Felista L. Tansi, Véronique Blanchard, Markus Berger, Rudolf Taulerner Reutter and Hua
Fan (2010)interaction of human dipeptidyl peptidase 1V and hunan immunodeficiency virus

type-1 transcription transactivator in Sf9 cells.Virology J 7, 267

Felista L. Tansi, Véronique Blanchard, Markus Berger, Rudolf Taub&erner Reutter and Hua
Fan: Co-expression and co-purification of human dipeptigl peptidase IV and human

immunodeficiency virus type 1 transcription transadivator. under preparation
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induction of apoptosis in CHO cells by the human imfmunodeficiency virus type-1 transcription

transactivator. under preparation

Selected posters and abstracts
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Membrane Proteins” Berlin, October 5-7, 2006.

Felista L. TansiVéronique Blanchard, Markus Berger, Hua Rdonitoring the effects of
HIV TAT protein on DPPIV/CD26 degradation of GLP1 by MALDI TOF analysis. 3“
International Conference on Dipeptidyl Peptidase d anRelated Proteins
Antwerp, Belgium, April 23-25, 2008.
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11.7 Curriculum Vitae

For reasons of data protection,

the curriculum vitae is not included in the online version
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