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1 Summary 

This work describes the first high-throughput screening (HTS) approach performed on 

a protein belonging to the group of cytosolic carboxypeptidases (CCPs). CCPs have 

recently been identified as enzymes capable of shortening glutamate chains of 

glutamylated proteins, and thus, have a crucial function in regulating glutamylation 

events in the cell. As one of the most active CCPs, CCP1 was the enzyme of choice. 

Initially, recombinant CCP1 was produced on a larger scale in insect cells to obtain 

sufficient protein amounts. Activity assays on telokin, one of the natural protein 

substrates of CCP1, confirmed the functionality of CCP1, and it was then subjected to 

assay development experiments. The assay of choice for the upcoming HTS was the 

luminescence-based GlutamateGloTM assay. Michaelis-Menten kinetics were 

performed to determine the catalytic properties of CCP1 on different peptide 

substrates, with a higher preference toward substrates with longer glutamate residues. 

Specific assay conditions were evaluated while maintaining industrial quality 

parameters, resulting in a reliable, reproducible, and HTS-applicable assay. In 

preliminary enzymatic activity assays, the proteasome inhibitor, celastrol, and the 

matrix metalloprotease inhibitor, tanomastat, were identified as inhibitors of CCP1. A 

pilot screening with approximately 4.000 compounds confirmed the stability of the 

established HTS assay. The following HTS was successfully performed with ~173.000 

compounds and S/B, S/N, and Z' values of 26, 26, and 0.76, respectively. With a hit 

rate of 0.42%, the HTS yielded 730 primary hits inhibiting the CCP1 activity to at least 

50%. Subsequently, false-positive hits were identified in a counter screen. Dose-

response experiments confirmed 72 hits with IC50 values below 30 µM. These 72 

compounds were then tested for hit verification at one concentration in immunoblotting 

experiments using the protein substrate Telo3E and recombinant CCP1. Thirty 

compounds were confirmed as CCP1 inhibitors. This panel of 30 compounds was 

tested in a dose-dependent manner using two different protein substrates. Processing 

of Telo3E by CCP1 was inhibited by 15 compounds, whereas 22 compounds inhibited 

the glutamate release of highly polyglutamylated porcine brain tubulin. Because tubulin 

is the most relevant substrate of CCP1, the compounds acting on porcine brain tubulin 

were further considered. The GlutamateGloTM assay was applied to reassess the 

inhibitory potential of the compounds on CCP1 processing brain tubulin. A high 

correlation between the immunoblotting and GlutamateGloTM data underscores 

molecular inhibition of CCP1 by these compounds. The compounds were then 



2 
 

characterized for physicochemical properties using the parallel artificial membrane 

permeability assay (PAMPA) and the solubility ranking assay (SolRank). In addition, a 

biophysical nano differential scanning fluorimetry (nanoDSF) assay allowed direct 

assessment of binding of the compounds to CCP1. Finally, 13 compounds were 

selected that exhibited moderate to high inhibition rates along with good chemical 

properties. Strikingly, compounds, from different clusters, harboring maleimide groups 

were active on CCP1. Therefore, maleimides were highlighted as promising chemical 

entities. In contrast, cellular evaluation of biochemically confirmed hits in CCP1-

overexpressing HEK293T cells revealed only two compounds that inhibited the 

generation of Δ2tub on α-tubulin. IC50 values of 1,7 and 9,8 µM prove these compounds 

attractive for further investigation. Overall, this work identified several potential 

chemical starting points for the generation of novel and pharmacologically active CCP1 

inhibitors.  
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Zusammenfassung 

Diese Arbeit beschreibt den ersten High-Throughput-Screening (HTS)-Ansatz, der an 

einem Protein aus der Gruppe der cytosolischen Carboxypeptidasen (CCPs) 

durchgeführt wurde. CCPs wurden kürzlich als Enzyme identifiziert, die in der Lage 

sind, Glutamatketten von glutamylierten Proteinen zu verkürzen und damit eine 

Schlüsselfunktion bei der Regulierung von Glutamylierungsereignissen in der Zelle zu 

besitzen. Als eines der aktivsten CCPs war CCP1 das Enzym der Wahl. Zu Beginn 

wurde rekombinantes CCP1 in größerem Maßstab in Insektenzellen produziert, um 

eine ausreichende Proteinmenge zu erhalten. Aktivitätsassays an Telokin, einem der 

natürlichen Proteinsubstrate von CCP1, bestätigten die Funktionalität von CCP1, 

sodass es für Assay-Entwicklungsexperimenten verwendet wurde. Der Assay der 

Wahl für das anstehende HTS war der lumineszenzbasierte GlutamateGloTM-Assay. 

Es wurde eine Michaelis-Menten-Kinetik durchgeführt, um die katalytischen 

Eigenschaften von CCP1 an verschiedenen Peptidsubstraten zu bestimmen, wobei 

eine höhere Präferenz gegenüber Substraten mit längeren Glutamatresten festgestellt 

wurde. Unter Einhaltung der industriellen Qualitätsparameter wurden verschiedene 

Assay-Bedingungen evaluiert, was zu einem zuverlässigen, reproduzierbaren und 

HTS-anwendbaren Assay führte. In vorbereitenden enzymatischen Aktivitätsassays 

wurden der Proteasom-Inhibitor Celastrol und der Matrix-Metalloproteasen-Inhibitor 

Tanomastat als Inhibitoren gegen CCP1 identifiziert. Ein Pilotscreening mit ca. 4.000 

Verbindungen bestätigte die Stabilität des etablierten Assays. Das folgende HTS 

wurde erfolgreich mit ~173.000 Verbindungen und S/B-, S/N- und Z'-Werten von 26, 

26 bzw. 0,76 durchgeführt. Mit einer Trefferquote von 0,42% ergab das HTS 730 

primäre Treffer mit einer Hemmungsrate von mindestens 50%. Anschließend wurden 

in einem Gegenscreening falsch positive Treffer identifiziert. Konzentrationsabhängige 

Experimente bestätigten 72 Verbindungen mit IC50-Werten unter 30 µM. Diese 72 

Substanzen wurden daraufhin zur Hit-Verifizierung bei einer Konzentration in 

Immunoblotting-Experimenten unter Verwendung des Proteinsubstrats Telo3E und 

rekombinanten CCP1 getestet. 30 Verbindungen wurden als CCP1-Inhibitoren 

bestätigt. Dieses Panel von 30 Verbindungen wurde dosisabhängig unter Verwendung 

von zwei verschiedenen Proteinsubstraten getestet. Die Prozessierung von Telo3E 

durch CCP1 wurde von 15 Verbindungen gehemmt, während 22 Verbindungen die 

Glutamatfreisetzung von hoch polyglutamyliertem Tubulin aus Schweinehirn 
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inhibierten. Da Tubulin das relevanteste Substrat von CCP1 darstellt, wurden die 

Verbindungen, die auf das Hirntubulin wirken, weiterverfolgt. Der GlutamateGloTM-

Assay wurde angewandt, um das inhibitorische Potential der Verbindungen, die bei 

der Reaktion von CCP1 auf das Hirntubulin aktiv waren, erneut zu überprüfen. Eine 

hohe Korrelation zwischen den Immunoblotting-Daten und den Daten des 

GlutamateGloTM-Assays unterstreichte die molekulare Inhibition von CCP1 durch 

diese Verbindungen. Als nächstes wurden die Verbindungen physikochemisch 

charakterisiert, indem der parallel artificial membrane permeability assay (PAMPA) 

und der Solubility-Ranking-Assay (SolRank) angewandt wurden. Zusätzlich 

ermöglichte der biophysikalische nano differential scanning fluorimetry (nanoDSF) 

Assay die direkte Bestimmung der Bindung der Verbindungen an CCP1. Letztlich 

wurden 13 Verbindungen ausgewählt, die moderate bis hohe Hemmungsraten bei 

gleichzeitig guten chemischen Eigenschaften aufwiesen. Auffallend war, dass 

Verbindungen, aus verschiedenen Clustern, mit Maleimid-Gruppen auf CCP1 aktiv 

waren. Daher wurden Maleimide als vielversprechende chemische Funktionalität 

identifiziert. Im Gegensatz dazu ergab die zelluläre Profilierung der biochemisch 

bestätigten Treffer in CCP1-überexprimierenden HEK293T-Zellen nur zwei 

Verbindungen, die in der Lage waren, die Bildung von Δ2tub an α-Tubulin zu hemmen. 

IC50-Werte von 1,7 und 9,8 µM machen diese Verbindungen für weitere 

Untersuchungen attraktiv. Insgesamt wurden in dieser Arbeit mehrere mögliche 

chemische Startpunkte für die Generierung neuartiger und pharmakologisch aktiver 

CCP1-Inhibitoren identifiziert. 
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2 Introduction 

2.1 Classification of metallopeptidases 

According to the Commission on Enzymes (or Enzyme Commission, E.C.), established 

by the International Unit of Biochemistry and Molecular Biology (IUBMB), enzymes can 

be categorized into classes based on their catalytic activity (Flaig, 1962; Webb, 1992; 

McDonald & Tipton, 2014). The primary source of enzyme classification and 

nomenclature is illustrated by the enzyme database ExplorEnz as implemented by the 

Trinity College in Dublin in 2005 and updated based on IUBMB data (McDonald et al., 

2009; McDonald & Tipton, 2014). All available enzyme databanks follow the same E.C. 

classification. This classification is based on 7 classes of enzymes, and hydrolases 

represent one of the classes and comprise all enzymes that enable cleavage of various 

molecular bonds (E.C. 3.X.X.X). Based on the type of bonds, hydrolases are divided 

into subclasses, such as esterases, lipases, or peptidases (E.C. 3.1-13.X.X). The 

peptidase subclasses are further grouped into specific subordinate subclasses 

depending on catalysis type like amino- and carboxypeptidases, or serin-, cysteine- 

and metallopeptidases (E.C. 3.4.11-25+3.4.99) (Table 2.1). Peptidases, functioning as 

digestive proteases, are essential for the metabolism of exogenous dietary proteins in 

the human body (Freeman & Kim, 1978). The main endoproteases, pepsin, trypsin, 

chymotrypsin, and elastase, are responsible for the initial digestive processing of 

dietary proteins and produce poly- and oligopeptides (Keller et al., 1958; Keller & Allan, 

1967; Neurath & Walsh, 1976).  

Table 2.1: E.C. numbers of the sub subclass within the subclass of peptidases acting on peptide 

bonds. 

 

 E.C classification sub subclass

3.4.11  Aminopeptidases

3.4.12  Peptidylamino-Acid Hydrolases or Acylamino-Acid Hydrolases

3.4.13  Dipeptidases

3.4.14  Dipeptidyl-peptidases and tripeptidyl-peptidases

3.4.15  Peptidyl-dipeptidases

3.4.16  Serine-type carboxypeptidases

3.4.17  Metallocarboxypeptidases

3.4.18  Cysteine-type carboxypeptidases

3.4.19  Omega peptidases

3.4.21  Serine endopeptidases

3.4.22  Cysteine endopeptidases

3.4.23  Aspartic endopeptidases

3.4.24  Metalloendopeptidases

3.4.25  Threonine endopeptidases

3.4.99  Endopeptidases of unknown catalytic mechanism
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The subsequent generation of single amino acids is facilitated by carboxypeptidase A 

and B by cleaving aliphatic/aromatic and basic amino acids at the carboxyl terminus, 

respectively (Lipscomb, 1970; Brodrick et al., 1976). The metallocarboxypeptidases 

carboxypeptidase A and B are classified as 3.4.17 enzymes. However, these 

peptidases do not solely function as digestive enzymes but have other distinctive 

functions in the human body, as discussed below. 

Other than the E.C. classification, which is based on the catalytic reaction, 

proteases/peptidases can be grouped according to their active site appearance and 

more generally through the homology of their amino acid sequence. The peptidase 

databank MEROPS (Rawlings et al., 2014) lists enzymes in 9 major groups (Rawlings 

& Barrett, 1993): aspartic (A), cysteine (C), glutamic (G), metallo (M), asparagine (N), 

serine (S), threonine (T), mixed (P), and enzymes with unknown (U) catalytic type. 

Based on either structural similarity derived from crystal structures or common 

sequence similarity around the catalytic active site, families are defined by these 

groups. One of the largest and most thoroughly studied peptidase groups is the 

metallopeptidases (M), ranging from M1-M103. The angiotensin-converting enzyme 

(ACE) is a well-known metallopeptidase and the most familiar representative in the M2 

group. As a peptidyldipeptidase, ACE cleaves dipeptides from the C-terminus of 

substrates such as neurotensin, enkephalin, and the most prominent and name-giving 

oligopeptide angiotensin I (Corvol et al., 1995). By generating angiotensin II from 

angiotensin I and inactivating bradykinin, ACE plays a significant role in the renin-

angiotensin-system (RAS) that is responsible for the regulation of blood pressure, renal 

functions, and myocardial remodeling (Haber, 1976; Brown et al., 1978; Mason, 1990). 

Another well-studied family is M14, represented by four subfamilies M14A, M14B, 

M14C, and M14D (Table 2.2). Most of these enzymes are carboxypeptidases and 

cleave one single amino acid from the substrate. M14C is poorly described by one 

assigned bacterial enzyme (Vendrell & Avilés, 2012) and is not further discussed in 

this study. The subfamily M14A comprises 9 members: CPA1-6, CPB, CPU, and CPO. 

Carboxypeptidase A and B (CPA/CPB) are members of this subfamily. This subfamily 

is characterized by its inactive precursors, containing a 90-95 amino acid sequence 

that must be cleaved for activation. These zymogens possess signal peptides 

facilitating the translocation into the extracellular space, where they unfold their activity 

(Coll et al., 1991; Guasch et al., 1992). Besides their digestive 
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Table 2.2: Metallocarboxypeptidases and substrate preferences.  

     Adapted from Vendrell & Avilés, 2012. 

Catalytic 
type 

Family Subfamily Enzyme 
Amino acid 
preference 

Metallo 
(M) 

M2 - ACE2 aliphatic/aromatic 

M14 

M14A 

CPA1 

aliphatic/aromatic
/basic 

CPA2 

CPA3 

CPA4 

CPA5 

CPA6 

CPB 

CPO 

CPU 

M14B 

CPD 

basic 

CPE 

CPM 

CPN 

CPZ 

M14C 

gamma-D-glutamyl-(L)-
meso-diaminopimelate 

peptidase I 
diaminopimelate 

M14D 

CCP1 

acidic 

CCP2 

CCP3 

CCP4 

CCP5 

CCP6 

role, M14A enzymes also bear regulatory functions such as CPU that cleaves C-

terminal Lys. When activated by thrombin, CPU acts as a major player during the 

fibrinolysis of fibrin clots by removing Lys from fibrin degradation products and 

impeding the positive feedback loop of fibrinolysis (Hanson & Hansen, 1991; Wang et 

al., 1994). For this reason, it was named thrombin activatable fibrinolysis inhibitor 

(TAFI). Furthermore, CPA3 is one of two proteases within the secretory granules of 

mast cells, which degrade the apolipoprotein B part of the low-density lipoprotein (LDL) 

(Kokkonen et al., 1986). CPA3 is also involved in ACE-independent turnover, i.e., 

generation and degradation, of angiotensin II (Lundequist et al., 2004). The subfamily 

M14B contains 8 members, of which CPD, CPE, CPM, CPN, and CPZ are the most 

prominent. Although both subfamilies possess N-terminal signal peptides for 

intracellular trafficking, the major difference between the M14A and B subfamilies is 

M14B´s expression as active catalytic proteins without the need for proteolytic 
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cleavage. Moreover, M14B enzymes act as regulatory enzymes to process hormones 

and neurotransmitters or to inactivate bradykinin and anaphylatoxin in plasma. CPE 

(Erdös & Sloane, 1962) and CPN (Fricker, 1988; 2018) are mainly responsible for 

these processes. 

Taken together, the subfamilies M14A and M14B are well-studied 

metallocarboxypeptidases that can be distinguished based on their ability to cleave 

aliphatic/aromatic/basic or basic amino acid residues, respectively. The recently 

described subfamily M14D fulfills the catalytic spectrum by cleaving acidic residues, 

predominantly glutamate. Although M14D are classified next to M14A and M14B, they 

reveal more distinctions from the other subfamilies than expected within the M14 family 

(La Rodriguez de Vega et al., 2007).  

2.2 M14D- A novel subfamily of metallocarboxypeptidases 

The number of enzymes with preferences for cleavage close to acidic amino acids is 

remarkably low. In mammals, there are only three enzymes known to remove aspartate 

or glutamate from peptides or proteins. CPO functions as a digestive protein in the 

extracellular matrix (Wei et al., 2002; Lyons & Fricker, 2011). The second enzyme is 

the aspartoacylase (ASPA), which cleaves the substrate N-acetyl-aspartate (NAA) into 

N-acetyl and aspartate (Le Coq et al., 2006; Bitto et al., 2007). It is an enzyme active 

in the cytosol and mainly found in oligodendrocytes in white matter (Madhavarao et al., 

2004). Inactive mutations of ASPA lead to Canavan disease, a cerebral spongy 

neurodegeneration (Matalon et al., 1988; Matalon et al., 1995). The disease likely 

results from low acetate levels generated from NAA, leading to malfunctioning 

lipid/myelin synthesis in early child development (Madhavarao et al., 2004). Finally, the 

last group of enzymes that removes aspartate or glutamate from peptides or proteins 

is the M14D subfamily. These enzymes can efficiently cleave glutamate (Rogowski et 

al., 2010) and, to a lesser extent, aspartate (Tort et al., 2014; Tanco et al., 2015). Over 

the last two decades, these enzymes gained much attention because of their important 

roles in posttranslational modification of microtubules and pervasive impacts related to 

these roles. More details on this issue are described in the next section. Because of 

their distinctive activity to remove acidic amino acids and their presence in the cytosol 

of many different cell types, these enzymes were classified as a separate subfamily 

containing the 6 members CCP1-6. The encoding genes are AGTPBP1 (CCP1), Agbl2 

(CCP2), Agbl3 (CCP3), Agbl1 (CCP4), Agbl4 (CCP6) and Agbl5 (CCP5). As shown in 
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Figure 2.1, they differ distinctly from other M14 enzymes and aspartoacylase (M20) by 

their large uncharacterized regions (white regions). These regions are partially defined 

by motifs related to the PfamB family, conserved protein sequences with 

The enzymes from the subfamily M14A (CPA/B) possess a signal peptide at the N-terminal end (black), 

followed by a β-sheet rich domain (dark gray). These zymogens must be cleaved to be activated. In 

contrast, the enzymes from the subfamily M14B (CPN/E) are enzymatically active when expressed and 

contain a signal peptide only at the N-terminal end. At the C-terminus, there is an β-sheet rich domain 

for folding purposes. CCPs occur in various isoforms in different lengths indicated by “…” and contain 

an N-terminal β-sheet rich domain. All subfamily members have a highly conserved carboxypeptidase 

domain (light gray). White = uncharacterized regions (Lyons & Fricker, 2011). 

unknown function (La Rodriguez de Vega et al., 2007). They possess a putative 

ATG/GTP-binding site, although they do not rely on either of these triphosphates (Wu 

et al., 2012) for their function. CCPs display a conserved β-sheet N-terminal domain, 

similar to M14A members, and a carboxypeptidase domain present in all M14 

members (Figure 2.2). The catalytic mechanism is comparable with other 

metallocarboxypeptidases based on the characteristic zinc-ion coordinating motif 

HXXE…H. In CCP1, these are the amino acids H912, E915, and H1009. Additionally, 

CCP homologs possess various lengths and differ in their domain appearance. While the Nt and CP 

domains are highly conserved, the functional unknown Pfam protein motifs are different among the 

isotypes indicated by the colored boxes containing the PfamB protein numbers. Agbl1 (CCP4) can be 

attributed to the AGTPBP1 homolog. Orange dots = zinc coordinating residues; grey arrows = essential 

residues for catalytic activity; Nt = conserved β–sheet rich domain; CP = carboxypeptidase domain (La 

Rodriguez de Vega et al., 2007). 

Figure 2.1: Domain comparison of M14 peptidases and aspartoacylase. 

Figure 2.2: Domain comparison of CCP homologs. 
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Arg962, Asp1007, Arg1078, and Glu1094 are highly conserved among the CCPs and 

are essential residues for proper CCP activity (Figure 2.3). A significant difference 

between M14D and the M14A/B enzymes is the amino acid Tyr248 (CPA numeration; 

corresponding toTrp1067 in CCP1). This residue has been thoroughly discussed and 

debated because its role remains unclear. Although Tyr248 in bovine CPA is essential 

for its catalytic activity, Tyr248 in rat CPA is not (Cho et al., 2001). Interestingly, 

F1067A and F1067Y mutants did not abolish the activity of CCP1 in mice (Wu et al., 

2012; Wang et al., 2020). Although there is no mammalian crystal structure reported 

yet, comparative studies were performed using bacterial CCP structures from 

pseudomonas aeruginosa (PaCCP) (Otero et al., 2012) or burkholderia cenocepacia 

(BcCCP) (Rimsa et al., 2014). All 6 human members were modeled based on the 

PaCCP6 structure. Compared to the other subfamilies, the similarity within the M14D 

CPP6 from pseudomonas aeruginosa (PaCCP6; PDB ID:4A39) was used as template for predicting the 

model of CCP1. While PaCCP6 was crystallized with guanidinoethylmercaptosuccinic acid (GEMSA), 

the homology model of the mammalian CCP1 was conducted using 2-PMPA, a recently identified CCP1 

inhibitor. The active site of CCP1 contains the zinc-stabilizing residues H912, E915 and H1009, and 

E1094 and R1078 that are essential for catalytic activity and substrate specificity (Wang et al., 2020). 

Figure 2.3: Predictive active site modeling of CCP1. 
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group is lower, which might be related to the distinct differences in sizes and activity 

profiles within the subfamily. Altogether, the subfamily M14D represents a group of 

unprecedented metallocarboxypeptidases that reveal distinct differences in their 

activity and structure compared to the other MC subfamilies. 
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2.3 Functionality of cytosolic carboxypeptidases 

Cytosolic carboxypeptidases (CCPs) represent key players in posttranslational 

modification (PTM) processes. In general, they can be categorized into mono- and 

poly-modifications based on the number of molecules that are added or removed from 

an amino acid residue. Microtubules are known targets of PTMs. Examples of mono-

modifications are acetylation and phosphorylation, while poly-modifications are 

represented by glutamylation or glycylation (Figure 2.4). These modifications serve as 

signal mediators for various processes such as cell division, cilia maturing, and flagella 

movement (Jeon, 1998; Ludueña, 1998; Westermann & Weber, 2003; Bosch Grau et 

al., 2013). Glutamylation, in particular, serves as a modulator for microtubule kinetics 

and stability by recruiting various microtubule-associated proteins (MAPs), such as 

kinesins, dyneins, and other proteins, such as spastin or tau (Larcher et al., 1996; 

Bonnet et al., 2001; Kubo et al., 2010; Lessard et al., 2019). For example, MAP2 and 

Tau preferably bind when three glutamate residues are present (Boucher et al., 1994; 

Bonnet et al., 2001), whereas the severing protein spastin reveals its highest activity 

on 8 glutamate residues (McNally & Vale, 1993; Valenstein & Roll-Mecak, 2016). 

Because of its high complexity and extraordinary magnitude of different modifications, 

microtubules decoration is called the “Tubulin Code” (Janke, 2014; Roll-Mecak, 2020). 

As “erasers” and “writers,” CCPs and TTLLs are the key drivers of (de)glutamylation. 

These enzymes catalyze the modifications of α- and β-tubulin with different quantities 

of glutamate or glycine near the C-terminus of tubulin (van Dijk et al., 2007; Rogowski 

et al., 2009; Rogowski et al., 2010). In total, 14 TTLLs, including the tubulin tyrosine 

ligase (TTL), and six different CCPs have been identified, each possessing specific 

activity and substrate preferences. While the poly-glutamylases TTLL1, 6, 11 and 13 

are capable of prolonging glutamate chains of glutamylated α- and β-tubulin up to 21 

residues (Eddé et al., 1990), the mono-glutamylases TTLL4, 5 and 7 only add one 

branching point glutamate at the C- terminus of tubulins (Figure 2.4). Three TTLLs can 

catalyze the addition of glycyl residues at the C-terminal glutamates of tubulin 

(Rogowski et al., 2009). Thus far, deglycylation enzymes have not been identified that 

catalyze the removal of glycine residues. In contrast, glutamylation modifications are 

reversible and can be removed by CCPs (Figure 2.5). To date, the six isoenzymes 

CCP1-6 have been identified. While CCP1, 4, and 6 can remove glutamate from gene-

encoded α-tubulin (Δ2tub) and polyglutamate chains (≥2 glutamates; polyE), 
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The microtubule subunits α- and β-tubulin are subjected to various posttranslational modifications. The 

gene-encoded tyrosine of α-tubulin is regulated within the (de-)tyrosination cycle. Both subunits can be 

acetylated, either at Lys40 of the α-tubulin or Lys253 of the β-tubulin. Glutamylation and glycylation 

occur at the C-terminal end of both tubulin isoforms, leading to long side chains of up to 21 glutamate 

or 40 glycine residues. β-tubulin can be specifically phosphorylated at Ser172. The illustration is taken 

from Roll-Mecak, 2019. 

CCP5 is mainly responsible for the cleavage of the branching point glutamate residue 

on tubulin (Kimura et al., 2010; Rogowski et al., 2010). CCP2 and CCP3 were not as 

active as the other isoforms in cellular experiments. However, truncated versions of 

both enzymes showed a remarkable removal of acidic amino acids in a sequence 

containing at least two consecutive glutamates, illustrating their activity potential (Tort 

et al., 2014). The tyrosine of α-tubulin, located at the C-terminus, underlies a  

Figure 2.4: Posttranslational modifications of microtubules. 
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Microtubules consist of α- and β-tubulin that are subjected to CCPs, TTLLs, and TTL. (lower part) 

Polymerized α/β-tubulin harbor polyglutamate side chains (polyE) truncated by CCP1, 2, 3, 4, or 6. After 

that, CCP5 removes the branching point glutamate. TTLL 1, 6, 11, and 13 re-add glutamate to the side 

chain. The initiases TTLL 4, 5, and 7 produce the initial glutamate for the side chain. (upper part) The 

tyrosine located at the C-terminus can be removed by VASH-1 or VASH-2 combined with the small 

vasohibin-binding protein (SVBP), thereby unmasking the gene-encoded glutamates. The tubulin 

tyrosine ligase (TTL) is responsible for re-adding the tyrosine. When the gene-encoded glutamate is 

accessible, CCP1, 2, 3, 4, and 6 remove one glutamate, generating Δ2-tub. Finally, CCP5 releases the 

last glutamate. 

detyrosination/re-tyrosination cycle. Although the tyrosine carboxypeptidase (TCP) 

was identified and under study since the 1970s (Hallak et al., 1977; Argaraña et al., 

1978; Argarana et al., 1980), it took over three decades to identify the enzyme that 

catalyzes this reaction. Detyrosination is facilitated by a complex of vasohibin-1 or 

vasohibin-2 (VASH1 or VASH2) with the small vasohibin-binding protein (SVBP) 

(Aillaud et al., 2017; Nieuwenhuis et al., 2017). While VASH1 binding to the SVBP is 

essential for tyrosinase activity, VASH-2 acts autonomously on tyrosinated tubulin (van 

der Laan et al., 2019). Thus, the initial hypothesis that CCP2 might be the long-sought 

TCP enzyme was devalidated (Sahab et al., 2011). The opposing reaction, i.e., the re-

addition of tyrosine, is mediated by the tubulin tyrosine ligase, which was also 

discovered in the early 1970s and thoroughly studied through the 1990s (Barra et al., 

1973; Ersfeld et al., 1993). De- and re-tyrosination are central to the dynamic 

equilibrium of soluble tubulin and assembled microtubules. While TCP prefers to act 

on microtubules (Arce & Barra, 1985), TTL targets soluble tubulin dimers (Kumar & 

Flavin, 1981; Wehland & Weber, 1987). Likewise, the preferences of TTLLs and CCPs 

cover a broad spectrum of reactions, each with specific nuances. TTLL6 and 11 act 

Figure 2.5: CCPs and TTLLs as major microtubule modifiers.  
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mainly as elongases by α-linking glutamate residues to present glutamates. However, 

they can initiate a polyglutamylation side chain by adding a glutamate residue to the γ-

carboxyl group of gene-encoded glutamates. Conversely, TTLL4 possesses only 

initiase activity (van Dijk et al., 2007). CCPs also reveal redundant activity profiles 

(Rogowski et al., 2010). The removal of glutamate from detyrosinated α-tubulin, 

leading to ∆2-tubulin, is mediated by CCP1, 2, 3, 4, or 6 (Figure 2.6). The further 

generation of Δ3-tubulin is then catalyzed by CCP1, 4, 5, or 6. The capacity to cleave  

The C-terminal end of α-tubulin is targeted by CCP1-6 and TCP. First, TCP cleaves the tyrosine from 

αTyr-tubulin before CCPs can process further. The detyrosinated tubulin (αdeTyr) can be cleaved by 

CCP1, 2, 3, 4 and 6 to form αΔ2-tubulin, which can then be shortened to αΔ3-tubulin. The blue arrows 

indicate the cleavable peptide bonds. The red sequence illustrates the αΔ3-tubulin form Aillaud et al., 

2016. 

α- and γ-linked glutamate is interesting given that CCP5 was proposed to remove only 

γ-linked glutamate bonds (Berezniuk et al., 2013). The discovery of Δ3-tubulin and the 

competence of CCP1, 4, and 6 in cleaving glycine-glutamate bonds provided new 

insights into the catalysis of CCPs (Berezniuk et al., 2012; Berezniuk et al., 2013; 

Aillaud et al., 2016). Notably, the specific interplay between TTLL and CCPs has shown 

that removing the branching point glutamate by CPP1 is only observed if TTLL6 rather 

than TTLL4 mediated the initiase reaction (Rogowski et al., 2010). Comparing various 

studies, the activity profile of CCPs appears incoherent and often leads to diverse 

conclusions. The differences in results may be due to the usage of various assay 

systems. Enzyme properties seem to differ in biochemical assay formats using 

peptide- or protein-based substrates. Additionally, detection techniques and assay 

conditions are crucial for the outcome of each study. Outcomes may hinge on the cell 

Figure 2.6: Processing of the C-terminal end of α-tubulin. 
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line or tissue examined because the expression and abundance of CCPs are highly 

heterogeneous. CCP2 and 3 are highly expressed in the testes and trachea, whereas 

CCP1 and 6 are highly abundant in brain regions (Tort et al., 2014). Within the brain, 

both CCP1 and 6 appear to be present in the cerebral cortex and hippocampus, while 

mainly CCP1 is found in the cerebellum or mitral cells (Magiera et al., 2018a). Related 

to substrate processivity, CCP1 was proposed to cleave sole glutamate residues 

(Rogowski et al., 2010), although the acidic amino acid aspartate might also be cleaved 

from substrates (Tanco et al., 2015). Thus, further investigation is necessary to 

elucidate CCPs´ functions precisely.  
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2.4 Cellular impact of CCPs  

Emerging evidence suggests that glutamylation patterns affect the overall network of 

cellular pathways, such as the Hedgehog signaling pathway (Hong et al., 2018) and 

mitochondrial metabolism (Gilmore-Hall et al., 2019), and consequently impact all 

related processes. The spatial and temporal presence of certain modifications is crucial 

for well-orchestrated actions such as cell division, cilia integrity, flagella movement, 

and the differentiation and development of neurons and platelets (Janke et al., 2008; 

Magiera et al., 2018c). The PTM distribution in neurons appears highly heterogeneous. 

While polyglutamylation, detyrosination, and Δ2-tubulin are highly abundant in axons, 

these modifications are low in density or not present in the other parts of the neuron, 

such as dendrites growth cones (Atherton et al., 2013). In mitosis, the interplay of many 

different PTMs combines to ensure proper chromosome segregation. The astral 

microtubules, which connect the cell membrane and the centrosome, are mostly 

tyrosinated, whereas the kinetochore microtubules, connecting the centrosome and 

the kinetochore, exhibit detyrosination (Barisic et al., 2015; Nieuwenhuis et al., 2017; 

Ferreira et al., 2019; Ferreira et al., 2020). Compared to glutamylation, which facilitates 

the temporary stabilization of the mitotic spindle (Bobinnec et al., 1998), detyrosination 

does not contribute to microtubule stability and acts solely as a signal mediator 

(Khawaja et al., 1988; Webster et al., 1990). Using the well-known microtubule (de-) 

polymerizing agents nocodazole (Brabander et al., 1976; Cheun & Terry, 1980) and 

taxol (Wani et al., 1971; Schiff et al., 1979; Schiff & Horwitz, 1980) revealed Δ2-tubulin 

as mandatory microtubule-stabilizing modification (Paturle-Lafanechère et al., 1991; 

Paturle-Lafanechère et al., 1994). Among all CCPs, CCP1 represents the most 

attractive isoform because of the discovery of its mutation in the well-established 

Purkinje cell degeneration (pcd) mouse model (Fernandez-Gonzalez et al., 2002), 

which allows investigators to explore the symptoms of this one-gene-one-disease 

relationship.  

The pcd mouse was described in 1976, but the exact mechanism and the cause of 

Purkinje cells' loss remained unknown until the beginning of this century. More 

recently, results have shown that hyperglutamylation of neuronal microtubules due to 

an imbalance between TTLL1 and CCP1 is the principal reason (Figure 2.7). Several 

studies have provided evidence of how hyperglutamylation leads to Purkinje cell 

degeneration and pathogenesis development. In general, the degree of glutamylation  
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Wild-type neurons contain decent levels of polyglutamylated microtubules in their axons. If CCP1 or 6 

is depleted, microtubules suffer from hyperglutamylation, leading to various defects such as 

mitochondria transportation and finally degeneration. The illustration is adapted from Akhmanova & 

Hoogenraad, 2018. 

is essential for proper cargo movement because it dictates specific microtubule 

interaction partners (Bodakuntla et al., 2020). Hyperglutamylation, due to relatively 

higher TTLL1 activity, negatively affects cargo transportation along neuronal 

microtubules by lowering kinesins’ and dynein's binding affinities (Ikegami et al., 2007). 

Cells lacking CCP1 show a general reduction of cargo movement. Notably, the run 

length and speed of the movements were not altered. Furthermore, mitochondria were 

shown to change functionality and phenotype in CCP1 lacking retinal pigmented 

epithelial (RPE) cells (Gilmore-Hall et al., 2019). CCP1-negative RPE cells displayed 

abnormal circular and short mitochondria that showed higher rates of fragmentation. 

The mitochondrial fusion rate was decreased, whereas the fission rate increased, 

resulting in a higher quantity of mitochondria. Another study on cerebellar Purkinje cells 

revealed other dysfunctions, such as endoplasmatic reticulum stress (Mullen et al., 

1976; Wang & Morgan, 2007), protein synthesis inhibition, and a specific type of 

apoptosis (Saraste, 2000). All these observations suggest that CCP1 deficiency 

Figure 2.7: Hyperglutamylated microtubules in neuronal axons under CCP1 or 6 depletion. 
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causes a wide variety of neuronal cell changes, and the diversity of these should be 

considered to understand the full extent of its depletion.  

An elegant way of exploring the activity and localization of CCP5 and following the 

distribution of microtubule-associated proteins in primary cilia has been developed 

(Hong et al., 2018). Hong et al. applied a spatiotemporally chemically inducible 

dimerization method combined with live-cell imaging techniques to detect the 

immediate effect of axonemal deglutamylation by CCP5 at the proximal end of cilia. 

The abundance of hedgehog components like Smoothened (Smo) and Gli3, as well as 

Gli activity, were significantly reduced upon stimulation with Smoothened agonist 

(SAG), leading to inhibition of the hedgehog pathway. Impaired intraflagellar transport 

due to the lack of glutamylation was the presumed mechanism underlying the result.  

Furthermore, evidence increasingly suggests that CCP2 and 3 could be crucial in an 

immunological context by deglutamylating the interleukin-7 receptor unit α (IL-7Rα) 

(Liu et al., 2017) or the deubiquitinase BAP1, which is responsible for the self-renewal 

of hematopoietic stem cells (Xiong et al., 2020). The increasing abundance of CCPs 

has been detected during megakaryopoiesis, from the undifferentiated hematopoietic 

stem cell through to the proplatelet forming megakaryocyte (Khan et al., 2019). The 

most prominent isoforms were CCP4 and 6. Interestingly, the platelets, resting or 

activated, did not contain significant levels of CCPs, whereas TTLL7 was prevalent, 

resulting in high polyglutamylation. A more profound investigation regarding CCP6 and 

its role in megakaryopoiesis revealed its novel substrate Mad2, a significant 

component of the spindle checkpoint in mitosis. Depletion of CCP6 results in 

hyperglutamylation of Mad2, triggering Aurora B activation and suppressing 

megakaryocyte maturation (Ye et al., 2014). 

In addition, processed tubulin (Δ2tub) regulates the interaction between CCP2 and 

RARRES1. This interaction has been shown to regulate energy homeostasis by 

modulating mitochondria bioenergetics (Maimouni et al., 2019). The mitochondrial 

voltage-dependent anion channel 1 (VDAC1) is responsible for exchanging ATP and 

ADP between mitochondria and cytoplasm and the coupling of mitochondrial 

respiration and glycolysis. Detyrosinated tubulin can interact with VDAC1, thereby 

inhibiting AMP-influx into the mitochondria, resulting in elevated AMPK 

phosphorylation. The elevated phosphorylation triggers activation of catabolic 

pathways such as glycolysis or fatty acid oxidation. In contrast, depletion of the CCP2 
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inhibitor RARRES1 or overexpression of CCP2 resulted in a higher abundance of 

Δ2tub that could not bind to VDAC1. Thereby, ATP can be imported into the cytoplasm, 

leading to a switch to anabolic pathways such as fatty acid and protein synthesis. 

Collectively, the cellular relevance of CCPs is highly important and connects all 

possible actions involving microtubules.  
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2.5 Pathological role of CCPs 

Over the last decade, emerging evidence has indicated that TTLLs and CCPs have 

significant relevance to microtubules’ dynamics and essential cellular processes. 

Dysregulations in posttranslational deglutamylation lead to hyperglutamylation 

primarily of microtubules that may cause the development of diseases such as cancer 

(Wasylyk et al., 2010), neurodegeneration (Bosch Grau et al., 2013), ciliopathies, 

especially male sperm dysfunction (Ikegami et al., 2010), and retina degeneration 

(Bedoni et al., 2016) (Figure 2.8). The pcd mouse (Fernandez-Gonzalez et al., 2002) 

serves as a well-established model for investigation model because mutated CCP1 

A disturbed equilibrium in posttranslational modifications of microtubules might lead to various disorders 

and abnormalities. The manifested phenotypes can be observed in both humans and mice, supporting 

the evidence of conserved regulatory cellular processes related to TTLL/TTL and CCPs. Every kind of 

microtubule-related action presents a target and can be affected, including cilia movement and stability, 

neuronal integrity, blood cell development, muscle contraction, and cell division (Magiera et al., 2018b). 

Figure 2.8: Disturbed microtubule PTMs lead to diseases in humans and mice.  
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and the resulting hyperglutamylation (Rogowski et al., 2010; Valenstein & Roll-Mecak, 

2016) trigger ataxia and progressive degeneration of the retina and olfactory bulb 

(Mullen et al., 1976). In humans, mutations of CCP1 lead to corneal dystrophy 

(Riazuddin et al., 2013) and infantile-onset neurodegeneration, as clinical data 

illustrate (Shashi et al., 2018). The latter can be caused by several different biallelic 

missense or loss-of-function mutations of AGTPBP1 (Karakaya et al., 2019). The 

symptoms and progress of the disease may differ depending on the prevalent 

mutations. The most common phenotypes are severe infantile motor neuron 

impairment with developmental delay, respiratory insufficiency, and spastic ataxic 

movement disorder in childhood. 

Clinical implications of CCP2 have been shown; for example, its expression is elevated 

in breast cancer stem cells and might be applied as a biomarker for lymph node 

metastasis (Zhang et al., 2014). Additionally, CCP2 is highly expressed in high-grade 

glioma patients and U-251 glioblastoma cells (Meyer, 2014) and promotes 

hepatocarcinoma cell growth (Wang et al., 2018). CCP3 was found upregulated after 

the activation of regulatory T (Treg) cells in atherosclerosis development (Joly et al., 

2018). Meta-analyses of genome-wide associations identified CCP4 variants as 

putative factors that influence migraine development and insulin sensitivity, and play a 

role in coagulation deficiencies and schizophrenia (Sullivan et al., 2008; Ligthart et al., 

2011; Tang et al., 2012; Walford et al., 2016). Mutations in CCP5 are associated with 

autosomal recessive retinitis pigmentosa, a form of inherited retinal dystrophy, leading 

to cone and rod photoreceptor degeneration (Kastner et al., 2015; Astuti et al., 2016; 

Branham et al., 2016). 

The de-/re-tyrosination cycle and related Δ2-tubulin generation are hallmarks of 

mutated cancer cells and could illustrate one feature of hyperstabilized resistant 

microtubules in cancer. Detyrosinated and Δ2-tubulin occur in multiple cancer types 

(Lafanechère et al., 1998; Mialhe et al., 2001; Kato et al., 2004; Sève et al., 2005). 

Suppressed TTL expression is presumably the cause of increased truncated tubulin 

occurrence. Because Δ2-tubulin is indicated as an irreversible modification, it might 

also be considered a biomarker for cancer with a poor prognosis (Kato et al., 2004; 

Sève et al., 2005). Furthermore, glutamylated microtubules possessing Δ2-tubulin are 

present in acute and slow-developing neurodegenerations such as epileptic seizures 

and Alzheimer´s disease (Vu et al., 2017). On a related note, the appearance of Δ2-
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tubulin is considered a consequence of Bortezomib treatment (Pero et al., 2019). This 

chemotherapeutic drug is a widely used proteasome inhibitor that might cause 

chemotherapy-induced peripheral neuropathy (CIPN) (Park et al., 2013). CCP1 

depletion might be an effective approach to reverse Bortezomib-induced generation of 

Δ2-tubulin. However, these initial findings in primary dorsal root ganglia cells must be 

confirmed in further studies (Gilmore-Hall et al., 2019). Finally, detyrosinated tubulin 

has been shown to play a regulatory role in muscle cells during cardiomyocyte 

contraction (Kerr et al., 2015) and is elevated in patients suffering from hypertrophic 

and dilated cardiomyopathies (Robison et al., 2016). Overall, clear evidence supports 

that CCPs interfere in many different cellular processes and are crucial for proper 

signal transduction.  
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2.6 Peptidase activity assays 

Activity monitoring of peptidases relies on the detection of the substrate or the 

products. There are many ways to accomplish substrate detection. Chromogenic 

assays are based on reactions producing colored chromophores. For instance, casein 

is commonly used as a substrate for the detection of proteases. Casein is processed 

by protease into peptide fragments, and single tyrosine residues are released. By 

applying the Folin´s reagent, blue-colored chromophores can be photometrically 

detected (Srinivasa & Ramachandran, 1980; Rodger & Sanders, 2017). Chromogenic 

assays are highly unsuitable for drug discovery purposes due to the high frequency of 

colored compounds interfering with the assay outcome. Moreover, a low dynamic 

range and sensitivity could be obstacles. Preferred technologies are fluorescence- or 

luminescence-based. For casein, a donor fluorophore, e.g., FITC (fluorescein 

isothiocyanate), can be linked to the protein (Figure 2.9). The fluorophore remains 

quenched until casein is processed by a protease, resulting in FITC release and 

detection at an excitation/emission wavelength of 490/525 nm, respectively (Twining, 

1984). Generally, any substrate for endopeptidases can be generated with fluorogenic 

groups, which increase fluorescence after release (Bodenreider et al., 2009; Yang et 

al., 2013; Balasubramanian et al., 2016). Instead of casein, synthetic quenchers can 

be used such as Dpa (N-3-(2,4-Dinitrophenyl)-l-2,3-diaminopropionyl diaminopropionic 

amide), 3-Nitrotyrosine, or Tamra (Carboxytetramethylrhodamine). By choosing 

adequate fluorophores and quenchers, so-called Förster resonance energy transfer 

(FRET) sensors can be created (Figure 2.9). The intramolecularly  

Fluorescence-based protease activity assays. (A) FITC-labeled casein serves as a substrate for a 

certain protease. In this state, FITC is quenched by casein as long as they are linked. After cleavage, 

FITC is released, and its fluorescence can be measured (Assay Biotech-Universal Protease Activity 

Assay Kit - Fluorometric, 2021). (B) For FRET substrates, two fluorophores are labeled to the substrate 

of the interest. The donor (star) is quenched by the acceptor (circle), leading to a suppression of the 

signal. When the endopeptidase cleaves the scissile peptide bond of the substrate, the N-terminal and 

C-terminal products are liberated, and the donor fluorescence increases (Ong & Yang, 2017). 

A B

Figure 2.9: Typical substrate set up for endopeptidases. 
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quenched fluorescent constructs have been intensively applied for many enzymes 

such as ACE (Carmel & Yaron, 1978), HIV protease (Geoghegan et al., 1990), and 

thrombin (Le Bonniec et al., 1996). All these assays possess the characteristics of a 

fluorophore-quencher system based on double-labeling of the substrate. However, the 

introduction of such fluorophores leads to substrates containing artificial bonds. Thus, 

they do not represent the exact original substrate, which sometimes creates flaws or 

stops successful assay development (Shone & Roberts, 1994).  

Many of these approaches can be applied and developed for endopeptidases because 

N- or C-terminal labeled substrates are usually not affected by modifications, 

suggesting that the enzyme can cleave the peptide bond despite the presence of the 

fluorophore. In contrast, few assays are reported for exopeptidases with an acceptable 

throughput. For specific aminopeptidases, fluorescent substrates are applicable (Drag 

et al., 2010). However, these approaches are also limited because most exopeptidases 

possess certain substrate specificities so that artificial non-natural peptide bonds 

cannot be hydrolyzed. A promising alternative might be the customized usage of 

homogenous time-resolved FRET (HTRF) assays. The implementation of long-lived 

fluorophores, especially rare earth complexes based on Eu3+- or Tb cryptate, facilitated 

the development of time-resolved FRET (TR-FRET) methods. By introducing a small 

time delay (nano- or microseconds) (Gansow et al., 1977; Alpha et al., 1990; Hennig 

et al., 2006; Hennig et al., 2007) between excitation and measurement, it is possible 

to reduce background substantially. For instance, carboxypeptidase B activity was 

monitored using a biotin-labeled peptide substrate and a specific antibody against the 

unmasking epitope after substrate conversion (Figure 2.10). The Eu3+ cryptate-labeled 

antibody and the XL665-labeled streptavidin then generated a FRET signal (Ferrer et 

al., 2003). Again, this approach is limited because specific monoclonal antibodies are 

needed. Altogether, the detection of the protein or peptide substrate is difficult to realize 

in exopeptidase assays. Therefore, it can be easier to detect the released amino acid. 

While the intrinsic fluorescence can be used to measure aromatic amino acids, other 

amino acids cannot be detected as straightforwardly. For almost all proteinogenic 

amino acids, there are colorimetric or fluorescence assays commercially available. 

Often, these kits are low in sensitivity and might be challenging to adapt for high 

throughput purposes. Nowadays, certain amino acids like glutamine or glutamate can 

be measured by applying luminescence-based detection methods (Cacace et al., 

2017; Leippe et al., 2017).  
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Biotin-labeled substrate is processed by carboxypeptidase B, unmasking the epitope for antibody 

binding. The Eu3+-labeled monoclonal antibody G2-10 occupies the C-terminus while XL665-labeled 

streptavidin binds to the N-terminal biotin. The close proximity of Eu3+ and XL665 facilitates a FRET that 

can be monitored at 665 nm after excitation at 337 nm (Ferrer et al., 2003). 

  

Figure 2.10: HTRF set up for activity measurement of carboxypeptidase B. 
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2.7 Inhibitors of M14 metallocarboxypeptidases  

Recently, increased interest in inhibitors for specific metallocarboxypeptidases has 

grown as the high relevance of these enzymes has been recognized, particularly for 

the regulatory enzymes, as described above. In general, published inhibitors can be 

grouped into two classes: natural proteinaceous and synthetic organic compounds.  

2.7.1 Proteinaceous inhibitors 

The proteinaceous inhibitors are small proteins (39-75 residues) derived from different 

natural sources. The best known and elaborated are Ascaris carboxypeptidase 

inhibitor (ACI) from Ascaris suum (Sanglas et al., 2009), leech carboxypeptidase 

inhibitor (LCI) from Hirudo medicinalis (Reverter, 1998), marine snail carboxypeptidase 

inhibitor (NvCI) from Nerita versicolor (Covaleda et al., 2012), potato carboxypeptidase 

(PCI) from Solanum tuberosum (Hass et al., 1975) and tick carboxypeptidase inhibitor 

(TCI) from Rhipicephalus bursa (Arolas et al., 2005). Most of these inhibitors are 

capable of potently inhibiting several M14 enzymes in a competitive mode of action. 

PCI inhibits CPA/B with Ki values in the nanomolar range (Hass et al., 1975; Hass & 

Hermodson, 1981). Likewise, LCI inhibits CPA/B isoforms CPA1/2, CPB, and CPUs in 

sub-nanomolar ranges with Ki-values of around 0,2 nM (Reverter, 1998) (Table 2.3) by 

adopting a tight-binding mode. ACI revealed Ki-values ranging from 1,6-42 nM for 

CPA1-4, CPB, and CPU (Sanglas et al., 2009). Ki-values in single-digit nanomolar 

ranges have also been determined with TCI toward CPA1/2, CPB, and CPU (Arolas et 

al., 2005). While ACl, LCI, PCI, and TCI share functional and structural similarities, 

NvCl seems to act differently. The former mimick substrate binding on two subsites 

within the active site (Rees & Lipscomb, 1982; Reverter et al., 2000) and possess a 

second interface apart from the active site for stability reasons (Covaleda et al., 2012). 

Additionally, they possess several disulfide bonds for stabilization purposes (Mas et 

al., 1998; Arolas et al., 2009). In contrast, NvCl reveals characteristics that distinguish 

it from the other inhibitors, such as the occupation of three instead of two subsites in 

the active site and no trimming of the inhibitor (Covaleda et al., 2012). As a substitute, 

the shorter C-terminal tail from NvCl facilitates a “deeper” binding in the active site what 

explains the interaction with the three subsites. This binding characteristic and a larger 

interface binding event are responsible for the higher affinity and lower Ki-values of 

NvCl compared to the other proteinaceous inhibitors, i.e., 1,2 - 2941 pM representing 

a 1000-fold higher potency.  
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Table 2.3: Inhibition constants from exogeneous proteinaceous inhibitors on M14A/B enzymes.  

Data compiled from (Normant et al., 1995; Reverter, 1998; Arolas et al., 2005; Sanglas et al., 2009; 

Covaleda et al., 2012). 

 Inhibition constant Ki in nM 

enzyme/      
inhibitor 

ACI LCI NvCI rPCI rTCI latexin 

hCPA1 1,6   0,0012 1,6 1,2 1,6 

hCPA2  2,5 0,17 2,941 8,8 3,6 3,5 

hCPA3  2,1           

hCPA4  23,9   0,0049     3 

hCPB  3,4     1,8 1,3 1,1 

hTAFI  42       1,2 1,8 

hCPN  no inh.     no inh. no inh. no inh. 

hCPE           no inh. 

bCPA 2,4 0,25 0,0058 1,6 1,1 1,2 

bTAFIa    0,1   2,5 1,3   

pCPB    0,27   7,2 1,6   

CPO 43,6 12,79 3749 3,2 16,7   

 

Interestingly, none of the described proteinaceous compounds affect CPN and CPE. 

As for acidic amino acid cleavage, all of these inhibit CPO potently in a range of 3,2-

43,6 nM except NvCl, which showed a Ki-value of about 3,8 µM (Garcia-Guerrero et 

al., 2018). Other enzymes, such as CCPs from the M14D family, appear unaffected by 

any exogenous protein inhibitors. PCI and NvCl displayed slight inhibition of CCP6 in 

western blotting experiments at a dose of 100 µM. Due to the low degree of inhibition 

and the high concentration of protein applied, PCI and NvCl cannot be considered 

potent inhibitors (Otero Bilbao, 2015). In contrast to this result, the retinoic acid 

receptor responder 1 (RARRES1) is the only known protein that acts as an inhibitor on 

CCP2 (Sahab et al., 2011). RARRES1 is involved in aging, metabolism, and stem cell 

differentiation (Nagpal et al., 1996; Youssef et al., 2004; Zhang et al., 2004). In 

addition, it was identified as a novel regulator of fatty acid metabolism (Maimouni et 

al., 2018). CCP2 and RARRES1 control the energy homeostasis of cells by regulating 

the glycolysis and mitochondrial ATP efflux via modification of the C-terminus of tubulin 

(Maimouni et al., 2019). Although RARRES1 inhibits CCP2, it is inactive on CCP6, 

suggesting its specificity, presumably due to the structural differences between these 

isoforms (see above). Another protein from the RARRES1 family, latexin, is a known 

carboxypeptidase inhibitor against CPA1/2/4, CPB, and CPU with Ki-values between 
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1,1-35 nM for the human homologs and 1,2-194 nM for bovine and rat variants 

(Normant et al., 1995; Pallarès et al., 2005). Latexin failed to inhibit CCP6 in western 

blot experiments (Otero Bilbao, 2015). In summary, proteinaceous inhibitors appear to 

act mainly on enzymes originating from the subfamilies CPA and CPB, whereas the 

recently elaborated M14D subfamily is not significantly affected by these inhibitors.  

2.7.2 Synthetic inhibitors 

Synthetic inhibitors can be described as a heterologous group comprising different 

small molecular weight chemically modified compounds. For instance, the 

peptidomimetic succinic acids benzyl succinic acid (BZSA) and its derivatives are 

potent CPA inhibitors in nanomolar ranges (Byers & Wolfenden, 1972; Mangani et al., 

1992; Lee et al., 1999). Similarly, guanidinoethylmercaptosuccinic acid (GEMSA) is a 

broadly active inhibitor against CPB (Fricker et al., 1983), CPD (Song & Fricker, 1995), 

CPE (Fricker et al., 1983), and CPU (Boffa et al., 1998). The field of metalloenzyme 

inhibitors is dominated by competitive zinc targeting compounds because of the high 

frequency of various zinc-binding moieties. Chelating agents such as 1,10-

phenanthroline are some of the most often used and best-known chelating 

compounds, inhibiting many types of metalloenzymes (Brandt et al., 1954). However, 

the lack of specificity and the necessity for high concentrations to inhibit particular 

proteases characterize 1,10-phenanthroline as a laboratory tool rather than a 

therapeutic agent. In general, chemically designed inhibitors can be classified into the 

group of competitive pseudopeptides that are mimicking substrate binding and 

irreversible inhibitors that act as covalent binders. The pseudopeptides comprise 

different types of zinc targeting moieties like hydroxamates, 

phosphonates/phosphinates, thiols, or urea-based moieties (Vornov et al., 2020). By 

binding to a zinc ion, these pseudopeptides create tetrahedral transition-state 

intermediates (Figure 2.11), typically observed during the process of peptide hydrolysis 

(Dive et al., 2004). From these chemical classes, phosphonates and phosphinates can 

potentially inhibit M14 enzymes as well as many zinc-dependent proteins like ACE or 

matrix metalloproteases (MMPs) (Mucha et al., 2011; Georgiadis & Dive, 2015). 

Phosphorus moieties possess a lower zinc affinity compared to hydroxamates. 

However, phosphonates and phosphinates are more versatile and adaptable. Their 

binding moiety can be placed in the middle of a compound or at the N- or C-terminus 

(Figure 2.12). Other inhibitor class warheads can only be placed at the termini. In the 
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The hydrolysis of peptide bonds is facilitated by proteases, whereby a tetrahedral transition-state 

intermediate is created (top). Compounds possessing phosphinate groups share similar features 

(bottom) and are proposed to act as potent inhibitors (Dive et al., 2004). 

case of phosphonates and phosphinates, versatility in binding locations facilitates the 

generation of specific inhibitors because the surrounding residues can be more easily 

fine-tuned to the subsites of the enzymes´ active site (Georgiadis & Dive, 2015). For 

instance, various phosphonic and phosphinic inhibitors were generated toward CPA 

with Ki-values in sub-nanomolar ranges (Kim & Lipscomb, 1991; Covaleda et al., 

2019). The specificity against other metalloenzymes can be increased by at least four  

(a) While compounds incorporating the inhibitory zinc-chelating moiety at N- or C-terminal ends occupy 

only little of the binding pocket, (b) phosphinate-based molecules are able to convert he subsites S1, 

S2‘, S2 and S1‘ (Georgiadis & Dive, 2015).  

Figure 2.11: Phosphinate moieties imitate peptide bond hydrolysis. 

Figure 2.12: Phosphinates and phosphonates as potent inhibitors. 
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orders of magnitude by introducing different residues. Interestingly, the compound, 

considered the most potent CPA inhibitor in the pico-/femtomolar range, possesses a 

phosphonate moiety (Hanson et al., 1989). Another enzyme, glutamate 

carboxypeptidase II (GCP II), has been extensively investigated, resulting in the 

generation of a broad spectrum of different inhibitors such as 2-PMPA (phosphonate), 

2-MPPA (thiol), JHU 241 (hydroxamate), and ZJ-43 (urea-based) (Figure 2.13). The 

integration of a phosphoramidate warhead displayed a substantially higher affinity to 

the active site (Liu et al., 2008). Despite that phoshoramidates are 

A series of diverse inhibitors against GCP II were created by applying different species of zinc-binding 

entities (blue). The combination of glutamate scaffolds and phosphonate-, thiol-, hydroxamate- and 

urea-based chemical groups enables the generation of highly potent inhibitors in nanomolar range 

(Vornov et al., 2020). 

likely the more potent moiety due to the closer relation to peptide bonds, the drawback 

is their rapid hydrolysis of the P-N bond (Christianson & Lipscomb, 1988; Fraser et al., 

1992). Thus, phosphonates and phosphinic inhibitors remain the structure of choice 

(Jackson et al., 2001).  

In contrast to the M14A/B inhibitors, specific M14D enzyme inhibitors are rare. 1,10-

Phenanthroline has been the only active agent reported by CCP researchers 

(Rogowski et al., 2010; Berezniuk et al., 2012; Xiong et al., 2020). Only ASPA and 

CPO can cleave acidic amino acids, so that little information is available concerning 

metallocarboxypeptidases-mediated cleavage of aspartate and glutamate is sparsely 

available. CPO is the closest relative of CCP based on sequence homology. Several 

acidic compounds inhibit CPO, e.g., BZSA, citrate, and succinate (Lyons & Fricker, 

2011). In contrast, CCPs (CCP1) are not affected by those at sub-millimolar 

concentrations (Berezniuk et al., 2012; Wang et al., 2020). Also, phosphinic-based 

CPA inhibitors active in nanomolar ranges showed no inhibition (Covaleda et al., 2019). 

However, these compounds could be putative starting points for hit identification 

Figure 2.13: Zinc-chelating moieties as potent GCP II inhibitors. 
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because phosphinic compounds gain activity through specific residues surrounding 

that moiety, and therefore, could be tailor-made for CCP inhibitors. Recently, the GCPII 

inhibitor 2-PMPA has been reported as mediating potent inhibition of CCP1 and CCP4 

(Wang et al., 2020). Using peptide substrates, IC50-values of 1 µM and 0,37 µM for 

CCP1 and CCP4 were determined. The activity was less with protein-based substrate 

using brain tubulin. The resulting IC50-value of 2-PMPA was ~200µM for CCP1. Finally, 

experiments employing CCP6 from lysates of overexpressing cells showed an 

inhibition at 100 µM, while CCP5 was not affected. The identification of this 

phosphonate-based CCP1-inhibiting compound illustrates for the first time a promising 

start for further evaluation and rational design of novel inhibitors.  
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2.8 Aim of the doctoral work 

In the last two decades, there has been great progress in discovering and 

understanding the CCPs and TTLLs responsible for a plethora of PTMs of tubulin and 

thereby microtubule function. Because of the cytoskeleton's essential impact on all 

kinds of cellular processes, unraveling the highly complex network influenced by CCPs 

and TTLLs is crucial. The differences in activities and substrate preferences of these 

enzymes create a challenge to monitor particular cellular events. Each organ, tissue, 

and cell type have a unique glutamylation code to be deciphered. Interestingly, a 

growing number of studies suggest that an imbalance of this sensitive equilibrium is 

linked to diseases, such as cancer or neurodegeneration, which might be reversed if 

the essential molecular switches are found and triggered. Therefore, it is important to 

shed light on these groups of enzymes by discovering new specific molecules acting 

as tools in modulating activity. This project is designed to generate such tools for basic 

research purposes but may also serve as starting point for drug discovery approaches.  

Currently, neither specific inhibitors for CCP1 nor for other isoenzymes of the family 

have been reported. Some potent inhibitors of metallocarboxypeptidases have been 

reported to cross-react with CCP activity. Such off-target activity usually shows several 

orders of magnitude lower potency than the intended on-targets. These cross-reactive 

inhibitors affect many other proteases so that their use as specific probes is limited. 

Because of the lack of highly potent and specific modulators, we aimed at exploring 

the druggability of one CCP isoform, CCP1, to discover novel CCP1 inhibitors. The 

goal of this thesis was to implement an inhibitor identification process, including protein 

production, assay identification and development, the performance of a biochemical 

High Throughput Screening (HTS) as well as confirmation, validation and verification 

of the resulting hits. In addition, the hits will be tested in cellular systems to check their 

activity in more complex systems and underline their relevance. The basis for this 

endeavor is the in-house small molecule library of the Lead Discovery Center in 

Dortmund. With the promising compounds identified from this work, further cellular 

characterization and chemical optimization steps will be necessary to create powerful 

and specific tools to specifically investigate the role of CCPs in diseases. 
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3 Material and Methods 

3.1 Material 

3.1.1 Buffers and solutions 

All buffers and solutions were prepared with autoclaved ultrapure ddH20.  

Table 3.1: buffers and solutions 

item ingredients 

1 M HEPES buffer 

23,83 g HEPES 

100 ml ddH2O 

pH=7,5 

5 % DMSO in HEPES for PAMPA 
5 % DMSO 

in 50 mM HEPES, pH=7,5 

CCP1 activity assay buffer 

50 mM HEPES, pH = 7,5 

5 mM MgCl2 

1 mM EGTA 

0,01 % TWEEN20 

2 mM TCEP 

Coomassie destaining solution 

40 % methanol 

10 % acetic acid 

50 % ddH20 

Coomassie staining solution 

1 g Coomassie brilliant blue 

G-250 (per liter) 

50 % methanol 

10 % acetic acid 

40 % ddH20 

Elution buffer for GST-purification 
50 mM Tris-HCl, pH=8 

10 mM reduced glutathione 

HEPES buffer for SolRank 50 mM HEPES pH=7,4 

High salt buffer for GST-purification 3 M NaCl in PBS 

Laemmli buffer 3x 

 
 

200 mM Tris, pH = 6,8 

15 % glycerol 

8 % β-mercaptoethanol 

4,5 % SDS 
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0,01 % bromophenol blue 

LB-medium 

1 % NaCl 

1 % tryptone 

0,5 % yeast extract 

Membrane forming solution for PAMPA 

13 mM cholesterol 

127 mM 1,2-dioleyl-sn-glycero-

3-phosphocholine 

in dodecane 

Methanol/HEPES buffer for PAMPA 
50 % methanol 

50 mM HEPES pH=7,5 

PBS for GST-purification 

10 mM PBS pH= 7,4 

(10 mM Na2HPO4, 140 mM 

NaCl, 2,7 mM KCl, 1,8 mM 

KH2PO4, pH=7,4) 

PBST 
1x PBS 

0,1 % TWEEN20 

SDS running buffer for immunoblotting 

25 mM Tris 

192 mM glycine 

1 %SDS 

Storage buffer for GST-purification 20 % ethanol 

Transblot-buffer for immunoblotting 

48 mM Tris 

38 mM glycin 

0,00375 % SDS 

20 % methanol 

3.1.2 Consumables 

Table 3.2: consumables 

item manufacturer (location) 

100 mm Petri dishes, sterile 
Greiner Bio One GmbH 

(Frickenhausen) 

384 well polystyrol microplates (#781080) 
Greiner Bio One GmbH 

(Frickenhausen) 

384 well polystyrol microplates, µclear (#781098) 
Greiner Bio One GmbH 

(Frickenhausen) 
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4-15 % gradient mini-protean® TGX™  

precast gels 
Bio-Rad (Hercules) 

96-deep well plates 1.2 ml (#780201) VWR (Langenfeld) 

96-well UV Star plates (#655801) 
Greiner Bio One GmbH 

(Frickenhausen) 

Adhesive sealing foils, solvent resistant 4titude (Dorking) 

Amicon® Ultra-15, PLTK Ultracel-PL 

Membrane 30k/100k 
Merck (Darmstadt) 

Bio-OneTM EASYsealTM  foil 
Greiner Bio One GmbH 

(Frickenhausen) 

Blot absorbent filter paper Bio-Rad (Hercules) 

Corning® 1536 well microplate, 

low volume (#3729) 
Corning (Corning) 

Corning® 384 well microplate, 

low volume (#4513) 
Corning (Corning) 

e.p T.I.P.S. ® Eppendorf (Hamburg) 

Echo Qualified 384-Well Polypropylene  

Microplate (#PP-0200) 
Labcyte (Dublin) 

Echo Qualified, 384-Well Polypropylene 

Microplate, Clear, Flat Bottom (#LP-0200) 
Labcyte (Dublin) 

Eppendorf tubes (1,5 ml, 2ml) Eppendorf (Hamburg) 

GST GraviTrapTM column 
Cytiva, formerly GE Healthcare 

(Marlborough) 

High sensitivity capillaries NanoTemper (Muenich) 

Intercept® PBS Blocking Buffer (#927-7001) Licor (Lincoln) 

MicroAmpTM Optical 96-well reaction plate Applied Biosystems (Waltham) 

MicroAmpTM Clear adhesive film Applied Biosystems (Waltham) 

MultiScreen filter plate HTS GV, 022 µM Merck-Millipore (Darmstadt) 

MultiScreen-IP plates 0.45 μm Merck-Millipore (Darmstadt) 

PTFE 96-well acceptor plates white Merck-Millipore (Darmstadt) 

Transfer membrane Immobilion® PVDF Merck (Darmstadt) 
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3.1.3 Laboratory apparatus 

Table 3.3: laboratory apparatus 

item manufacturer (location) 

500 ml Erlenmeyer flask Thermo Fisher (Waltham 

Axiovert 40 CFL microscope Zeiss (Jena) 

Benchtop centrifuge 1S-R Heraeus/Thermo Fisher (Hanau) 

Cedex HiRes Innovatis (Bielefeld) 

Clean Bench Hera Safe Thermo Fisher (Waltham) 

Echo® 520 Liquid Handler Labcyte (Dublin) 

EnVision 2104 Multilabel Reader Perkin Elmer (Waltham) 

Eppendorf Mastercycler Gradient 96-well Eppendorf (Hamburg) 

Eppendorf Research® Plus Pipettes Eppendorf (Hamburg) 

HeraCell 150i CO2 Incubator Heraeus/Thermo Fisher (Hanau) 

IncuCyte® ZOOM System 
Essen BioScience 

(Hertfordshire) 

Inverted fluorescence microscope Marianas 
Intelligent Imaging Innovations 

(Denver) 

Matrix Multichannel Electronic Pipettes Thermo Fisher (Waltham) 

Mini-PROTEAN® Tetra Vertical Electrophoresis 

Cell 
Bio-Rad (Hercules) 

Multidrop CombiTM Thermo Fisher (Waltham) 

Multifuge 3SR+Centrifuge Heraeus/Thermo Fisher (Hanau) 

Odyssey CLx Imaging System Licor (Lincoln) 

Pipetboy Acu Integra (Biebertal) 

Power Source 250 V VWR (Langenfeld) 

Prometheus NT.48 Nanotemper (Muenich) 

Spectramax UV/Vis Absorbance Microplate 

Reader 
Molecular Devices (San Jose) 

TiMix Control 
Edmund Bühler GmbH 

(Hechingen) 

Transblot Semi-Dry Transfer Cell Bio-Rad (Hercules) 

Victor™ X5 2030 Multilabel Reader Perkin Elmer (Waltham) 

Water bath SW22 Julabo (Seelbach) 
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3.1.4 Chemicals and reagents 

Table 3.4: chemicals and reagents 

item manufacturer (location) 

1.2-dioleyl-sn-glycero-3-phosphocholine Sigma-Aldrich (St. Louis) 

10 % SDS AppliChem GmbH (Darmstadt) 

10 x PBS Pan Biotech GmbH (Aidenbach) 

Acetic acid AppliChem GmbH (Darmstadt) 

Acetonitrile Promochem 

Agar Sigma-Aldrich (St.-Louis) 

Bendroflumethiazide Sigma-Aldrich (St. Louis) 

Beta-mercaptoethanol AppliChem GmbH (Darmstadt) 

Cholesterol Sigma-Aldrich (St. Louis) 

cOmpleteTM Protease Inhibitor Cocktail Tablets Roche (Mannheim) 

Coomassie brilliant blue G-250 AppliChem GmbH (Darmstadt) 

Diethylstilbestrol Sigma-Aldrich (St. Louis) 

DMSO AppliChem GmbH (Darmstadt) 

Dodecane Sigma-Aldrich (St. Louis) 

EDTA Sigma-Aldrich (St. Louis) 

EGTA Sigma-Aldrich (St. Louis) 

Ethanol AppliChem GmbH (Darmstadt) 

Glycerol Sigma-Aldrich (St. Louis) 

Glycin Sigma-Aldrich (St. Louis) 

HEPES Pan Biotech GmbH (Aidenbach) 

IPTG AppliChem GmbH (Darmstadt) 

Ketoconazole Sigma-Aldrich (St. Louis) 

Methanol VWR (Langenfeld) 

MgCl2 Sigma-Aldrich (St. Louis) 

Propranolol hydrochloride Sigma-Aldrich (St. Louis) 

Ranitidine hydrochloride Sigma-Aldrich (St. Louis) 

RIPA lysis buffer Thermo Fisher (Waltham) 

SOC medium 
Invitrogen, Life Technologies 

(Darmstadt) 

TCEP Goldbio (St. Louis) 

Theophylline Sigma-Aldrich (St. Louis) 
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TRIS AppliChem GmbH (Darmstadt) 

TWEEN20 AppliChem GmbH (Darmstadt) 

 

3.1.5 Cell culture utensils 

Table 3.5: cell culture utensils 

item manufacturer (location) 

Cellstar® multiwell plates, clear, 6well, 12-well, 48-

well 

Greiner Bio One GmbH 

(Frickenhausen) 

DMEM #P04-03590 Pan Biotech GmbH (Aidenbach) 

DPBS w/o Ca2+, Mg2+ Pan Biotech GmbH (Aidenbach) 

Echo Qualified, 384-Well Polypropylene 

Microplate, Clear, Flat Bottom 
Labcyte (Dublin) 

Falcon Tubes (50 ml, 15 ml) 
Greiner Bio One GmbH 

(Frickenhausen) 

GibcoTM Opti-MEMTM serum-reduced medium Thermo Scientific (Waltham) 

Glutamine 200mM  Pan Biotech GmbH (Aidenbach) 

HyClone FBS Thermo Scientific (Waltham) 

Manual pipettes Eppendorf Research Plus® Eppendorf (Hamburg) 

Pasteur pipettes (3,5 ml) 
Greiner Bio One GmbH 

(Frickenhausen) 

Serological pipettes (5 ml, 10 ml, 25 ml, 50 ml) 
Greiner Bio One GmbH 

(Frickenhausen) 

TransIT-LT1 Transfection reagent Mirus Bio (Madison) 

TransIT-siQuest Transfection reagent Mirus Bio (Madison) 

Trypsin-EDTA Solution 0,05 % Trypsin, 0,02 % 

EDTA 
Pan Biotech GmbH (Aidenbach) 

VacuSafe Integra (Biebertal) 

 

3.1.6 Commercial kits 

Table 3.6: kits 

kit manufacturer (location) 

Cell Titer Glo® Assay Promega (Madison) 
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GeneJETTM Plasmid-Maxiprep Thermo Fisher (Waltham) 

Glutamate-GloTM Assay Promega (Madison) 

QProteome Bacterial Protein Prep Kit Qiagen (Hilden) 

TriFECTa DsiRNA Kit (# mm.Ri.Agtpbp1.13) Mirus Bio (Madison) 

 

3.1.7 Peptides and protein substrates 

In respect to reproducibility, purity, and ease of use, peptides were the substrate of 

choice for the HTS. They were designed based on the detyrosinated C-terminus of α-

tubulin, but with variable amounts of glutamate residues: Biotin-EEEGE, 

Biotin-EEEGEE, Biotin-EEEGEEE. The peptides were synthesized and purified by 

GenScript. 

Table 3.7: peptides and protein substrates 

Sequence MW in Da manufacturer (location) 

Biotin-2EGGE 803 GenScript (Piscataway) 

Biotin-3EGEE 947 GenScript (Piscataway) 

Biotin-3EGEEE 1076 GenScript (Piscataway) 

Telokin-1E 43.380 produced by LDC (Dortmund) 

Telokin-2E 43.510 produced by LDC (Dortmund) 

Telokin-3E 43.640 produced by LDC (Dortmund) 

Telokin-4E 43.770 produced by LDC (Dortmund) 

Porcine brain tubulin 50.000 Cytoskeleton (Denver) 

 

3.1.8 Software 

Table 3.8: software 

software manufacturer 

Microsoft Excel/XLfit Microsoft (Redmond) 

GraphPad Prism 7 GraphPad Software Inc. (San Diego) 

PR.Control software NanoTemper (Munich) 

SoftmaxPro 5.2 software Molecular Devices (San Jose) 

quattro/Workflow quattro research (Planegg-Martinsried)) 
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3.1.9 Primary and secondary antibodies for immunoblotting 

Table 3.9: primary and secondary antibodies for immunoblotting 

antibody order ID target host dilution 
manufacturer 

(location) 

anti-∆2tub - 

∆2tub C-

terminus of α-

tubulin 

rabbit 1:5000 
gift from C. 

Janke (Paris) 

anti-GFP G6795  mouse 1:1000 
Sigma-Aldrich 

(St. Louis) 

anti-GST 
#MA4-

004 
GST mouse 1: 1000 

Thermo Fisher 

(Waltham) 

anti-Nna1 #4456 CCP1/Nna1 rabbit 1: 1000 

Cell Signaling 

Technology 

(Danvers) 

anti-polyE - 

sequence of ≥3 

consecutive 

glutamates 

rabbit 1: 5000 

gift from 

Carsten Janke 

(Paris) 

anti-α-tubulin #T5168 α-tubulin mouse 1: 5000 
Sigma-Aldrich 

(St. Louis) 

anti-mouse 

Alex Fluor 

680 

#11009 mouse goat 1: 10.000 

Life 

Technologies 

(Carlsbad) 

anti-rabbit 

IRDye 800 

CW 

#926-

32211 
rabbit donkey 1: 10000 Licor (Lincoln) 

 

3.1.10 LB-medium 

The LB-medium was prepared according to the recipe (Table 3.1), autoclaved for 

sterilization, and then stored at 4°C until usage. 

3.1.11 Agar plates 

The agar plates for bacterial selection experiments were prepared by adding the 

following antibiotics to the LB-medium:agar mix:  
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Table 3.10: antibiotics 

antibiotics 
stock 

concentration 
final concentration 

manufacturer 

(location) 

ampicillin 100 mg/ml 100 µg/ml 
Sigma-Aldrich (St. 

Louis) 

chloramphenicol 25 mg/ml 25 µg/ml 
Sigma-Aldrich (St. 

Louis) 

kanamycin 50 mg/ml 50 µg/ml 
Sigma-Aldrich (St. 

Louis) 

 

3.1.12 Bacteria 

For plasmid amplification, chemically competent E.coli One-Shot TOP10F cells were 

used.  

For the final step of the SLIC transformation, the generated transfer vectors were 

transformed into chemically competent E. coli One Shot™ OmniMAX™2 T 1R to be 

amplified.  

For the recombinant protein expression of telokin, chemically competent E. coli 

rosettaTM (DE3) cells were used. Under the control of the lacUV5 promoter, the 

bacterial T7 RNA polymerase activity was initiated by the addition of IPTG, leading to 

the expression of the target protein encoded on the transformed T7 expression 

plasmid.  

Table 3.11: competent bacteria cells 

bacteria 
antibiotic 

resistance 
genotype 

manufacturer 

(location) 

E.coli One-Shot 

TOP10F' 
- 

F´{lacIq Tn10 (TetR)} 

mcrA Δ(mrr-hsdRMS-

mcrBC) Φ80lacZΔM15 

ΔlacX74 recA1 araD139 

Δ(ara-leu)7697 galU galK 

rpsL endA1 nupG 

Thermo Fisher 

(Waltham) 
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E.coli One Shot™ 

OmniMAX™2 T 1R 
- 

F´ {proAB lacIq lacZΔM15 

Tn10(TetR ) Δ(ccdAB)} 

mcrA Δ(mrr hsdRMS-

mcrBC) Φ80(lacZ)ΔM15 

Δ(lacZYA-argF)U169 

endA1 recA1 supE44 thi-

1 gyrA96 relA1 tonA 

panD 

Invitrogen, Life 

Technologies 

(Darmstadt) 

E.coli rosettaTM 

(DE3) 
chloramphenicol 

F- ompT hsdSB(rB
- mB

-) 

gal dcm (DE3) pRARE 

(CamR) 

Novagen/Sigma

-Aldrich 

(Darmstadt) 

 

3.1.13 Plasmids 

The following plasmids, a kind gift from Carsten Janke (Institute Curie, Paris), served 

as templates for protein production. The plasmid-DNA was provided dried on filter 

papers, which were incubated in 50 µl nuclease-free water overnight. The extracted 

plasmid DNA was amplified. Telokin and CCP DNA sequences can be found in the 

Appendix (Supplementary data 10.2, p.150-177). 

Table 3.12: telokin plasmids 

plasmid ID vector resistance expression protein species 

2024 pGEX-6P ampicillin bacterial GST-Telokin-E 
mus 

musculus 

2026 pGEX-6P ampicillin bacterial GST-Telokin-EE 
mus 

musculus 

2028 pGEX-6P ampicillin bacterial GST-Telokin-EEE 
mus 

musculus 

2030 pGEX-6P ampicillin bacterial 
GST-Telokin-

EEEE 

mus 

musculus 
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Table 3.13: CCP plasmids 

plasmid ID vector resistance expression protein species 

2059 
pcDNA3.1-N-

EYFP 
ampicillin mammalian 

EYFP-

mCCP1 

mus 

musculus 

2188 
pcDNA3-N-

EYFP 
ampicillin mammalian 

EYFP-

mCCP1-

dead 

mus 

musculus 

2580 pFastBacHT ampicillin baculo virus 
6His-

mCCP1 

mus 

musculus 

4218 pEYFP kanamycin mammalian 
hCCP1-

EYFP 

homo 

sapiens 

3329 pEGFP-N kanamycin mammalian 
EGFP-

mCCP6 

mus 

musculus 

3058 pEGFP-N kanamycin mammalian 

EGFP-

mCCP6-

dead 

mus 

musculus 

3269 pFastBacHT ampicillin baculo 
6His-

mCCP6 

mus 

musculus 

4099 
pcDNA3-

EYFP 
kanamycin mammalian 

hCCP6-

EYFP 

homo 

sapiens 

 

The CCP gene sequences encoded on these plasmids were subcloned into 4 different 

pTriEx2 and pTriEx4 vectors (Table 3.14) to identify the best performing protein 

construct in terms of activity, expression, and solubility. All the provided CCP plasmids 

were used for this approach. The HRV-3C cleavage sites of the pTriEx2 vectors 

allowed the removal of the tag during the purification step. In total, 32 constructs were 

cloned and tested. 
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Table 3.14: subcloning vectors for insect cell transfection 

 

3.1.14 Insect cells 

The production of CCP1 was executed in insect cells by the Dortmund Protein Facility 

(DPF). Two different cell lines were tested for this approach: 

High FiveTM Cells (BTI-TN-5B1-4): derived from the parental cell line Trichoplusia ni 

Sf9 cells: derived from Spodoptera frugiperda 

The following utensils were used for cell culturing and protein production/purification. 

 

Table 3.15: consumables, laboratory apparatus, and reagents 

item manufacturer (location) 

100 ml beaker with magnetic stirrer VWR (Langenfeld) 

24-well flat-bottom plate Corning (Corning) 

Äktaxpress 
Cytiva, formerly GE Healthcare 

(Marlborough)  

Antibiotics and Antimycotics, 100x 
Gibco/Life Technologies/Thermo 

Fisher (Waltham) 

HiTrap Talon® column 
Cytiva, formerly GE Healthcare 

(Marlborough) 

HiLoad 26/60Superdex 200 column 
Cytiva, formerly GE Healthcare 

(Marlborough) 

Antibiotics and Antimycotics 100x 
Gibco/Life Technologies/Thermo 

Fisher (Waltham) 

Ex-cell 405 medium Sigma-Aldrich (St.-Louis) 

vector  tag backbone 

pOPIN-N-EGFP  
His6-EGFP-

(HRV)3C- 
pTriEx2 

pOPIN-N-His-GST  
His6-GST-

(HRV)3C- 
pTriEx2 

pOPIN-C-His  -His8 pTriEx4 

pTriEx4-N-FLAG-cHis  FLAG-…-His6 pTriEx4 
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Sterile 24-well deep-well block Qiagen (Hilden) 

Vac-Man® 96 vacuum manifold Promega (Madison) 

Sterile gas-permeable seal 4titude (Dorking) 

Sterile alu seal 4titude (Dorking) 

96-well plate, flat bottom 
Greiner Bio One GmbH 

(Frickenhausen) 

96 round deep well microplate 4titude (Dorking) 

96 well master block, 0,5 ml 
Greiner Bio One GmbH 

(Frickenhausen) 

96 well skirted PCR plate 4titude (Dorking) 

HT Protein Express Chip Caliper/Perkin Elmer (Waltham) 

HT Protein Express Reagent Kit Caliper/Perkin Elmer (Waltham) 

1 l /2 l Erlenmeyer flask Duran (Wertheim/Mainz) 

Cell disrupter TS 0.75 Constant Systems (Daventry) 

Ni Sepharose® 6 Fast Flow 
Cytiva, formerly GE Healthcare 

(Marlborough) 

Complete EDTA free protease inhibitor Roche (Basel) 

NuncTM 96-well filter plate Thermo Fisher (Waltham) 

Cellfectin II Reagent 
Invitrogen, Life Technologies 

(Darmstadt) 

FlashBac control vectorTM 
Oxford Expression Technologies 

(Oxford) 

Flash Bac UltraTM (Bacmid DNA) 
Oxford Expression Technologies 

(Oxford) 

Grace's Insect Medium, unsupplemented 
Gibco/Life Technologies/Thermo 

Fisher (Waltham) 

SF900III SFM media Thermo Fisher (Waltham) 
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Table 3.16: DPF buffers 

Item ingredients 

Lysis buffer 

50 mM HEPES, pH=8 

300 mM NaCl 

10 mM Imidazol 

1 mM TCEP 

0,5 mM AEBSF protease inhibitor 

0,2 % Triton X-100 

5 U/ml Benzonase 

Wash buffer 

50 mM HEPES, pH=8 

300 mM NaCl 

20 mM Imidazole 

1 mM TCEP 

Elution buffer 

50 mM HEPES, pH=8 

300 mM NaCl 

500 mM Imidazole 

1 mM TCEP 

Gelfiltration buffer 

25 mM HEPES, pH=8 

40 mM NaCl 

1 mM TCEP 

 

3.1.15 Mammalian cells 

Mammalian cells were incubated and maintained in the incubator HeraCell 150i at 

37°C and 5% CO2 atmosphere.  

Table 3.17: mammalian cell lines 

cell line origin medium source 

HEK293T 
human embryonic 

kidney, adherent 

DMEM + 10 % FBS + 

1 % glutamine (2 mM) 
DSMZ (Braunschweig) 

HT22 

mouse 

hippocampal 

neuronal, adherent 

DMEM + 10 % FBS + 

1 % glutamine (2 mM) 
Sigma-Aldrich (St. Louis) 
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SH-SY5Y 

human 

neuroblastoma, 

adherent 

DMEM + 20 % FBS + 

1 % glutamine (2 mM) 
ATCC (Manassas) 

 

 

3.1.16 Screening library 

The 173.184 compounds used for the HTS were originally obtained from the following 

sources: 

 

 

Figure 3.1: Sources of in-house compounds.  

The compounds applied for the HTS derived from different sources. ChemDiv and Enamine compounds 

represent the largest group with 76 %. The remaining 26 % comprise compounds deriving from LDC, 

BioFocus, Vichem, and others.  
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3.2 Methods 

3.2.1 Agar plates  

The LB-medium was prepared according to the recipe (Table 3.1), and agar was 

added, reaching an end concentration of 1 %. The LB-agar mix was autoclaved and 

then cooled down until use. When needed, the LB-agar was melted in a microwave 

and allowed to cool down to 55-60 °C. For plasmid amplification, ampicillin or 

kanamycin was added to the molten LB-agar with a final concentration of 100 µg/ml 

and 50 µg/ml, respectively. For the recombinant telokin expression, both kanamycin 

and chloramphenicol were added to the molten LB-agar with a final concentration of 

50 µg/ml and 25 µg/ml, respectively. Sterile 100 mm Petri dishes were filled to ¾ with 

the supplemented LB-agar and incubated at RT for 30 min until solidification. The 

plates were sealed and stored at 4°C. 

3.2.2 Plasmid transformation 

The plasmid DNA was transformed into the appropriate chemically competent bacteria 

cells, dependent on the experiment. One vial with 10 µl of bacteria was thawed on ice 

for 2 min before 1 µl of plasmid DNA was added to the vial. The bacteria were 

incubated for 30 min on ice, followed by a heat shock at 42°C for 40 sec and incubation 

on ice for 2 min. 100 µl SOC medium was added to the bacteria and mixed by pipetting 

up and down. Incubation for 45 min at 37°C on an orbital shaker allowed the bacteria 

to recover before being spread on pre-warmed supplemented agar plates. The bacteria 

were incubated at 37°C overnight and inspected for colonies on the next day. A colony 

was picked for follow-up amplification and analysis. 

3.2.3 Plasmid amplification 

A colony was picked and transferred into a baffled shake flask filled with 200 ml LB-

medium supplemented with respective antibiotics (Table 3.10). The inoculated medium 

was incubated at 37°C and 180 rpm for 16 h. The next day, the bacteria were pelleted 

at 10.000xg for 10 min and the supernatant was discarded. The pellet was stored 

at -20°C until further usage.  

3.2.4 Plasmid purification 

The plasmid DNA purification was performed by using the GeneJETTM Plasmid-

Maxiprep Kit according to the manufacturer's instructions. Here, the bacteria pellet was 

resuspended in 6 ml resuspension buffer containing RNase A and then lysed by adding 
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6 ml lysis solution. The mix was gently agitated and incubated at RT for 3 min. To 

neutralize the reaction, 6 ml of neutralization buffer was added. Additionally, 800 µl of 

endotoxin binding reagent was pipetted to the lysate and incubated at RT for 5 min 

before 6 ml of 96 % ethanol was used to precipitate the DNA. The entire mix was 

centrifuged at 10.000xg for 20 min to separate the cell debris and the chromosomal 

DNA from the supernatant containing the plasmid DNA. The supernatant was decanted 

into a 50 ml falcon tube and mixed with 6 ml 96 % ethanol before being transferred to 

the purification column and centrifuged at 2000xg for 3 min. The flow-through was 

discarded. This step was repeated until all the supernatant was processed. 8 ml of 

wash solution I, supplemented with isopropanol, was added to the column, which then 

was centrifuged at 3000xg for 2 min. The same washing step was repeated twice with 

the wash solution II. The column was centrifuged at 3000xg for 5 min to remove 

residual wash solution before transferring into a new 50 ml falcon tube. 800 µl of elution 

was added onto the column and incubated for 2 min. Finally, the column was 

centrifuged at 3000xg for 5 min to elute the plasmid DNA. The yield and purity were 

analyzed with the Nandodrop2000 before storing at -20°C.  

3.2.5 Immunoblotting 

3.2.5.1 Sample preparation 

Recombinant protein samples were not specifically treated or prepared before SDS-

PAGE. Starting with any new recombinant protein, titration experiments were 

conducted to identify adequate amounts of protein.  

Cellular samples were generated by lysis using RIPA buffer. The cells were washed 

once with cold PBS and incubated with cold RIPA buffer at RT for 5 min (500 µl RIPA 

buffer for every 10^6 cells). The lysate was transferred into Eppendorf tubes and 

incubated on ice for 10 min, followed by centrifugation at 13.000xg at 4°C for 10 min. 

The supernatant was carried over into new Eppendorf tubes and stored at -20°C until 

further usage.  

3.2.5.2 SDS-PAGE 

An SDS-PAGE with 4-15% gradient mini-protean® TGX™ precast gels was carried 

out for protein separation. The samples were thawed and mixed with 3x Laemmli-buffer 

followed by heating at 95°C for 5 min. After cooling off for 1 min and spinning down, 
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15 µl of the sample was loaded on the gel. The SDS-PAGE was initiated at 80 V for 30 

min and then continued at 150 V for 90 min.  

3.2.5.3 Coomassie staining 

SDS-PAGE was performed as described. The gel was removed from the plastic 

cassette, rinsed in ddH20 for 5 min, and transferred to a plastic container. 15 ml of 

Coomassie staining solution was added, and the gel was heated up in a microwave at 

the highest voltage setting for 10 sec. The gel was incubated in the Coomassie staining 

solution at RT for 15 min on a horizontal shaker. The Coomassie staining solution was 

discarded, and the gel was washed 3x in the destaining solution for 10 min and finally 

rinsed in ddH20 before scanning on the Odyssey® CLx Imaging System. 

3.2.5.4 Western blot 

The PVDF membrane was activated in methanol for 5 min and rinsed in transblot-

buffer. The gel was removed from the plastic cassette and soaked in transblot-buffer, 

as well as two absorbent filter papers. For the protein transfer, both filter papers, the 

PVDF membrane, and the gel were assembled on the blotting transfer cell. The 

transfer was carried out at 80 mA per membrane for 1,5 h. To minimize unspecific 

antibody binding, the membranes were blocked in Intercept® PBS Blocking Buffer at 

RT for 1 h and then transferred into a falcon tube containing primary antibodies diluted 

in Intercept® PBS Blocking Buffer (Table 3.9). After incubation overnight at 4°C, the 

membranes were washed 3x for 5 min with PBS-T buffer and then probed with 

fluorescent secondary antibodies at RT for 1 h (Table 3.9). Finally, the membranes 

were washed 3x for 5 min with PBS-T buffer and 3x with PBS before scanning on the 

Odyssey® CLx Imaging System.  

3.2.6 Bacterial protein expression 

The plasmids 2024, 2026, 2028, and 2030 (Table 3.12) were utilized to produce 

variable telokin proteins. Plasmid DNA was transformed into E. coli rosettaTM (DE3) as 

described (3.2.2). Kanamycin/chloramphenicol agar plates were pre-warmed at 37°C. 

The transformed bacteria were spread on the agar plates and incubated at 37°C 

overnight. The next day, the plates were inspected for colonies, which were picked and 

inoculated in 10 ml of LB-medium supplemented with 50 µg/ml kanamycin and 25 

µg/ml chloramphenicol. To obtain a starter culture, the inoculated medium was 

incubated at 37°C and 180 rpm on an orbital shaker overnight. The following day 200 

ml of supplemented LB-medium was inoculated with the overnight culture. After 
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incubating at 37°C and 180 rpm for 4 h, the expression of telokin was induced by 

adding 600 µM IPTG. The expression lasted for 4 h before the bacteria were pelleted 

at 10.000xg for 10 min for further protein purification procedure. The pellet was frozen 

at -80°C until use. 

3.2.7 Bacterial cell lysis 

The bacteria cell pellets were thawed on ice for 30 min and re-frozen at -80 C for 30 

min. This freeze-thaw cycle was performed twice before using the QProteome 

Bacterial Protein Prep Kit for thorough bacterial lysis. Each pellet from a 200 ml culture 

was resuspended in 10 ml native lysis buffer (included in the kit) supplemented with 

100 µl lysozyme solution (600 mg/ml) and 10 µl BenzonaseTM Nuclease solution 

(25 U/ml). The resuspended pellet was incubated on ice for 30 min and swirled 

occasionally. The lysate was cleared by centrifugation at 14.000xg and 4°C for 20 min. 

The supernatant was checked for the presence of the protein of interest and thus ready 

for purification.  

3.2.8 GST purification 

Purification of the GST-tagged telokin constructs was done by applying the GST 

GraviTrapTM columns according to the manufacturer's instructions. The columns are 

prepacked with Glutathione SepharoseTM 4B, allowing the binding of GST tagged 

proteins and elution under mild conditions with reduced glutathione. The columns were 

prepared by snipping off the bottom tip and washing twice with 10 ml washing buffer. 

The sample containing protein was transferred onto the column and then rinsed twice 

with 10 ml PBS. The wash fraction was captured for further analysis. To elute the 

protein, 10 ml elution buffer was applied to the column, and 1,5 ml fractions were 

collected in Eppendorf tubes. The columns were regenerated by washing with 10 ml 

high salt buffer and 10 ml PBS. Finally, 10 ml storing buffer was added onto the 

columns before storing at RT.  

3.2.9 CCP1 production 

The CCPs were produced based on provided plasmids sequences (Table 3.13), a kind 

gift from Carsten Janke (Institute Curie, Paris). Subcloning into diverse transfer vectors 

and the production and purification of the CCPs were executed by the Dortmund 

Protein Facility (DPF).  
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3.2.9.1 SLIC transformation 

The CCP gene sequences, encoded on the 8 plasmids (Table 3.13), were cloned into 

4 different transfer vectors (Table 3.14) by SLIC transformation (Li & Elledge, 2012). 

This kind of transformation allows the insertion of the sequence of interest into the 

target vector by homologous sites, making restriction enzymes obsolete. The 

homology regions were added to the sequence of interest by PCR, using primers 

containing a 24 bp homolog sequence toward the vector. The vectors were linearized 

by PCR. The amplified sequence of interest and the vectors were treated separately 

by T4 DNA polymerase with 3'exonuclease activity, chewing-back the DNA from 3' to 

5', resulting in single-stranded overhangs. The incubation of both DNA pieces enabled 

an assembly due to the homolog regions. The newly generated constructs were then 

utilized for transformation into OmniMaxTM E. coli, following the bacterial transformation 

protocol (3.2.2). The verification of the generated transfer vectors was conducted by 

colony PCR.  

3.2.9.2 FlashBACTM Expression System and P1 virus generation  

The transfer vectors containing the correct sequence of interest were used to generate 

a recombinant virus (P1) by applying the flashBACTM Expression System in High 

FiveTM and Sf9 insect cells. Over the entire production process, the cells were regularly 

inspected for health and viability, what is crucial for successful transfection and 

expression. The cells were seeded and incubated in a wet chamber at 27°C for 1 h, 

which allowed them to attach. The transfection master mix contained 200 µl Grace 

medium, 2µl Cellfectin, and 20 ng FlashBAC DNA per reaction. One hundred 

nanogram of the respective transfer vector was added to the master mix and incubated 

at RT for 20 min. The cells were washed and then treated with the transfection mix at 

27°C for 5 h. The transfection mix was removed before the cells were cultured in 

medium and supplemented with antibiotics and antimycotics for 7 days to generate the 

P1 virus. The P1 virus was harvested by transferring the supernatant into an Eppendorf 

tube and storing it at 4°C, protected from light.  

3.2.9.3 P2 virus generation 

The amplification of the P2 virus should be carried out immediately (on the same day) 

because the titer of the virus after transfection is relatively low and will decrease further 

when stored. The cells were seeded and infected with supernatant containing the P1 
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virus. To generate the P2 virus, the cells were incubated at 27°C for 4 days before the 

supernatant was withdrawn and stored at -80°C. 

3.2.9.4 Expression Screening 

The generated P2 virus was used to identify the more suitable insect cell line and 

adequate expression duration. Therefore, both cell lines were seeded and infected with 

the P2 virus. The expression of the protein of interest was performed for 48 and 72 h 

before the amount of protein was quantified with the Caliper GXII, a microfluidic chip 

electrophoresis system.  

3.2.9.5 Large scale virus amplification 

Taking the previously determined cell line, the P2 virus was used to generate the P3 

virus for large-scale amplification. Therefore, High FiveTM cells were seeded and 

incubated at 27°C for 4 days. The supernatant containing the virus was withdrawn and 

frozen at -80°C until further use. 

3.2.9.6 Preparative scale expression 

The supernatant containing the previously generated large-scale P3 virus was then 

used to initiate the preparative scale expression. For that, High FiveTM cells were 

seeded, infected with the P3 virus, and incubated at 27°C for 48 h to express the 

protein. Finally, the cells were harvested and stored at -80°C.  

3.2.9.7 CCP purification 

First, the cells were disrupted by a constant cell disrupter system. These cells were 

thawed and resuspended in 4 ml lysis buffer (50 mM HEPES pH=8, 300 mM NaCl, 

20 mM Imidazole, 1 mM TCEP + 0,5 mM AEBSF + 40 U/ml DNAse) per 1 g pellet. The 

lysate was spun down at 30.000xg and 4°C for 60 min. The cleared lysate was 

decanted and transferred onto the ÄktaXpress for purification. The HiTrap Talon® 

column, immobilized metal affinity chromatography (IMAC), was precharged with 

nickel and equilibrated with 5 CV of lysis buffer. The gel filtration columns were 

equilibrated prior to the Äkta run with 1,5 CV of gel filtration buffer (25 mM HEPES, 40 

mM NaCl, 1 mM TCEP). The lysate was loaded onto the HiTrap Talon® column, and 

the unbound sample was washed out with 20 CV lysis buffer and collected in the flow 

through. An extra wash step with 10 CV of wash buffer (50 mM HEPES pH=8, 300 mM 

NaCl, 30 mM Imidazole, 1 mM TCEP) followed. The HiTrap Talon® column was step-

eluted with 5 CV elution buffer (50 mM HEPES pH = 8, 300 mM NaCl, 500 mM 
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Imidazole, 1 mM TCEP), and the peaks were collected in the capillary loops. Based on 

the area, the largest peak was selected and loaded onto the gel filtration column. The 

protein was eluted with 1,1 CV gel filtration buffer, and the eluted peaks were collected 

in the fraction collector plate. The fractions were analyzed on the Caliper GX-II. For 

that, 7 µl of Caliper sample buffer and 2 µl of the sample was mixed (sample 1:5 

diluted), sealed, and heated at 99°C for 5 min. 35 µl dH2O was added to the sample, 

which was then vortexed before centrifuging at 3000 rpm for 20 min. Finally, the sample 

was loaded on the Caliper GX-II and measured. All plasmids provided by C. Janke 

were processed as described above (3.2.9). 

3.2.10 Concentrating protein 

Selected fractions from the protein purification were pooled and concentrated using 

Amicon® Ultra concentrators. For CCPs and telokin, cut-offs of 50 kDa and 15 kDa 

were chosen, respectively. 15 ml of the purified protein was loaded into concentrator 

falcon tubes and centrifuged at 4.000xg and 4°C for 20-25 min until a residual volume 

of 2-5 ml remained. The concentrator was refilled with the residual protein and 

centrifuged again. This step was repeated several times until the entire protein was 

concentrated. After each centrifugation, the protein was agitated by pipetting to avoid 

aggregation on the filter. Before aliquoting and shock freezing, the protein 

concentration was measured on the Nanodrop2000.  

3.2.11 CCP1 activity test 

The activity of the purified CCP1 was tested on telokin-3E and assessed by western 

blotting. For that, CCP1 dilutions were prepared in 25 mM HEPES (pH=7,5, 150 mM 

NaCl, 1 mM TCEP), starting from the stock concentration of 16,8 µM to 0,25 µM (2-

fold). Five µl of 20 µM telokin-3E (2-fold) was pipetted into an Eppendorf tube, and 5 

µl of the respective CCP1 concentration was added. The reaction was performed at 

RT for 60 min before being stopped with 10 mM EDTA (2-fold). Next, 2 µl of this mix 

was withdrawn and diluted with 38 µl buffer, after which 20 µl of 3x Laemmli-buffer was 

added. The sample was heated at 95°C for 5 min before subjecting to SDS-PAGE. For 

western blotting, the membrane was probed with anti-GST and anti-polyE (Table 3.9).  

3.2.12 Glutamate-GloTM Assay 

The luminescence-based Glutamate-GloTM assay, a kit provided by Promega, allows 

the detection of glutamate in solution. An enzyme cascade utilizes glutamate as a 

hydrogen donor to generate a luminescence signal. The assay contains three enzymes 
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(glutamate dehydrogenase, reductase, and recombinant firefly luciferase), NAD+, and 

pro-luciferin (Table 3.18). In the first step, glutamate dehydrogenase oxidizes 

glutamate to α-ketoglutarate and reduces NAD+ to NADH. The reductase uses the 

NADH to metabolize a pro-luciferin substrate to luciferin, which generates 

luminescence in the presence of O2 and ATP. The amount of light produced is 

proportional to the amount of glutamate in the sample. All components, including the 

three enzymes and the buffer containing the pro-luciferin substrate, NAD+, and ATP, 

were mixed according to the manufacturer's instructions: 

Table 3.18: Glutamate GloTM Assay components 

component volume per reaction 

luciferin detection solution 50 µl 

reductase 0,25 µl 

reductase substrate 0,25 µl 

glutamate dehydrogenase 1 µl 

NAD 1 µl 

 

This detection mix was added to the sample at a ratio of 1:1. After incubating at RT for 

the indicated period, the luminescence was measured using the Victor X5 for kinetic 

experiments or the EnVision for screening related experiments. 

3.2.13 Michaelis-Menten-Kinetics of CCP1 

The reactions were performed in the Cellstar® 384-well polystyrol microplate. For the 

determination of the Michaelis-Menten-Kinetics, the reaction rates of CCP1 were 

measured by varying the peptide concentration. Therefore, 200 µM, 100 µM, 50 µM, 

25 µM, 12,5 µM and 6,25 µM of Biotin-2EGGE, 2EGG2E and Biotin-3EG3E were used. 

To monitor the reaction in real-time, the detection mix was added simultaneously with 

50 nM CCP1, and the plate was directly inserted into the plate reader Victor X5. The 

reaction was measured in 1-minute intervals over 20 minutes. The initial velocity was 

determined for each peptide concentration as the released glutamate concentration 

per minute (µM/min). For the quantification of the released glutamate, a glutamate 

standard curve was established. Finally, the velocity was plotted against the peptide 

concentration, resulting in the Michaelis-Menten-Kinetics. Using GraphPad Prism 7, 

the characteristic numbers Km, Vmax, kcat, and kcat/Km were determined. 
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3.2.14 CCP1 titration kinetics 

CCP1 was titrated over time to determine an adequate reaction time and enzyme 

concentration for HTS. Biotin-3EG3E was used at a fixed concentration of 25 µM, while 

CCP1 was diluted using a ratio of 1:1, starting at 300 nM. The detection mix was 

simultaneously added to the reaction to monitor in real-time. The plate was inserted 

into the plate reader Victor X5 and measured at 10-minute intervals over a total time 

of 90 min. Reaction conditions in the linear range of the detection system were chosen 

based on the glutamate calibration curve. 

3.2.15 Assay development 

3.2.15.1 CCP1 activity assay 

Based on the previous results, all the following experiments were performed with 

35 nM CCP1 and 25 µM Biotin-3EG3E in 384-well white a U-bottom low-volume no 

surface-binding microtiter plates. The CCP1 reaction was carried out at RT for 45 min 

and stopped using the detection mix supplemented with 10 mM EDTA (2-fold) followed 

by a second incubation at RT for 80 min. The luminescence was measured on the 

EnVision. For DMSO tolerance and compound testing experiments, CCP1 was pre-

incubated at RT for 10 min with the corresponding treatment before the reaction. All 

experiments were conducted in CCP1 activity assay buffer (50 mM HEPES pH= 7,5, 

5 mM MgCl2, 1 mM EGTA, 0,01% TWEEN20, 2 mM TCEP).  

3.2.15.2 HTS applicability 

The CCP1 reaction assay was tested according to the commonly used HTS 

parameters: signal-to-background ratio (S/B), signal-to-noise ratio (S/N), and Z'-value. 

For the determination of these parameters, the positive and negative controls were 

compared. The positive control represented the enzyme reaction with CCP1 and 

Biotin-3EG3E, whereas the negative control contained Biotin-3EG3E and buffer 

instead. After 45 min of the CCP1 reaction, the detection mix, supplemented with 

10 mM EDTA (2-fold), was added and then incubated at RT for 80 min. The 

luminescence signal was measured, and the S/B, S/N, and Z'-values were calculated 

as follows: 

signal-to-background: 

S/B: 
𝑚𝑒𝑎𝑛 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
 = 

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
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signal-to-noise: 

S/N: 
𝑚𝑒𝑎𝑛 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒−𝑚𝑒𝑎𝑛 𝑜𝑓 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
 = 

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝑚𝑒𝑎𝑛 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 

Z´ factor: 

Z = 1 −
3∗𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒+3∗𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒+𝑚𝑒𝑎𝑛 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 

  = 1 −
3∗𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙+ 3∗𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

𝑚𝑒𝑎𝑛 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙+ 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 

The minimal threshold to reach was set at 5 for the S/B and S/N and 0,5 for the Z'-value.  

3.2.15.3 Assay tolerance 

Most of the compounds from the LDC and the COMAS library are provided in DMSO. 

Depending on the assay, DMSO may interfere with single assay components or 

influence their properties. Thus, DMSO compatibility tests are essential to rule out 

assay disturbances. The enzymatic reaction was performed under the standard 

conditions. The tested DMSO concentration ranged between 0,0625 and 1% diluted in 

assay buffer. Five-fold DMSO dilutions were prepared, and 2 µl of each dilution was 

added into the well, followed by 4 µl of both 62,5 µM Biotin-3EG3E (2,5-fold) and 87,5 

nM CCP1 (2,5-fold). The reaction was incubated at RT for 45 min and then detected 

by adding the detection mix, supplemented with 10 mM EDTA (2-fold). The negative 

control contained buffer instead of the enzyme.  

3.2.15.4 Assay modulation 

Several compounds required testing to evaluate modulation capability due to the lack 

of reference compounds for CCP1. Specific carboxypeptidase and protease inhibitors 

were checked: Proteasome inhibitors (Bortezomib, Carfilzomib, Celastrol, 

Delanozomib, MG-132, MLN9708, Oprozomib, PI-1840), matrix-metalloprotease 

inhibitors (Actinonin, Batimastat, Captopril, Ilomastat, Marimastat, Tanomastat, 

TAPI-1), and miscellaneous inhibitors (1,10-Phenanthroline, 2-MMPA, Potato 

carboxypeptidase inhibitor (PCI), ZJ-43). The assay was performed in 384-well plates 

as described. For compound treatment, the Echo® 520 Liquid Handler was used to 

prepare 8 concentrations between 30 µM and 10 nM of each compound. After the 

compound transfer, the enzyme was added and preincubated at RT for 10 min, 

followed by the initiation of the reaction by adding the substrate. The detection and 

measurement were performed as described previously. The maximal DMSO 
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concentration was 0,3%. For IC50 determination analyses, GraphPad Prism 7 was 

used.  

3.2.15.5 Assay miniaturization 

The transfer from 384-well to the 1536-well plate format was performed by adopting 

the assay conditions and concentrations from the 384-well plate format. Based on the 

volume capacity of 10 µl per well, the volume of the assay components was reduced 

by half. Consequently, the reaction contained 2 µl of both the enzyme and the substrate 

and was detected by 4 µl of the supplemented detection mix. Each component was 

pipetted manually to exclude any potential disturbances based on erroneous 

automated systems. The quality parameters S/B, S/N, and Z' were determined and 

compared to those of the 384-well format.  

3.2.15.6 Automation adoption 

For automation purposes, the focus was on fast, precise, and reproducible pipetting of 

all assay components into the 1536-well plates. Dispensing was accomplished using 

the Multidrop CombiTM, a peristaltic pump system that allows pipetting at low volume 

amounts down to 1 µl in high throughput fashion. To avoid cross-contaminations, three 

dispensing cassettes were used for the substrate, enzyme, and detection mix. The 

buffer for the negative controls was carried out with the dispensing cassette used for 

the detection mix. Before use, the dispensing cassettes were washed thoroughly with 

ddH20 and 70% ethanol to avoid any carry-overs or impurities from previous 

experiments. To inspect the functionality of the Multidrop CombiTM, all assay 

components were prepared and transferred into 50 ml falcon tubes, serving as 

reservoirs for the dispensing cassettes. Because of the dead volume in the dispensing 

cassette tubes, maintaining a surplus of each solution was critical. In preparation of 

the HTS, the following order was established: 2 µl enzyme, 2 µl buffer for the negative 

controls, 2 µl substrate, 4 µl detection mix.  

For adequate measurements, the readout protocol of the EnVision was explicitly 

optimized for filter sensitivity, detection height, and detection duration per well. A 

stacker was used to enable measuring multiple plates on the EnVision in one single 

screening cycle.  
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3.2.15.7 Uniformity assay 

To exclude position-specific artifacts on plates, a uniformity assay was performed. The 

CCP1 activity assay was performed in an HTS layout on a 1536-well plate by using the 

MultidropTM Dispensing System as described. Therefore, columns 1-20 and 25-48 

served as positive controls, while columns 21-24 served as negative controls. The 

obtained data were evaluated column by column across the plate regarding signal 

distribution, stability, and quality.  

3.2.16 Pilot screening 

Three 1536-well compound plates from the LDC/COMAS library were used for the pilot 

screening. First, 10 nl of each compound was transferred to 1536-well assay plates 

using the Echo® 520 Liquid Handler. Each assay plate was prepared twice. The plates 

were sealed using adhesive sealing foil and stored for 3 or 5 days at -80°C to simulate 

the HTS conditions. On the assay day, the plates were thawed at RT for 1 h and 

centrifuged at 1000xg for 1 min prior to the assay. All the assay components were 

added using the Multidrop CombiTM. Two µl of freshly prepared enzyme solution (70 

nM) was added to all wells except for the negative control wells, which were filled with 

2 µl assay buffer. The plates were preincubated in a high humidity chamber at RT for 

10 min for equilibration between the enzyme and the compounds. Next, 2 µl of freshly 

prepared substrate solution (50 µM) was added to each well to initiate the reaction. 

The plates were incubated in a high humidity chamber at RT for 45 min. Subsequently, 

8 µl of the detection mix, supplemented with 10 mM EDTA, was added to each well. 

The plates were incubated again in a high humidity chamber at RT for 80 min, followed 

by the luminescence measurement on the EnVision.  

3.2.17 High Throughput Screening 

The HTS was performed under the evaluated conditions: 25 µM Biotin-3EG3E, 35 nM 

CCP1, a reaction time of 45 min, detection reaction of 80 min. Before the HTS start, 

compound-ready plates (ARPs) were prepared using the in-house fully automated 

robotic system. In total, 123 ARPs with 173.184 compounds were generated using the 

Echo® 520 Liquid Handler. After the transfer of 10 nl of each compound, the plates 

were sealed by adhesive sealing foil and stored at -80°C until use. On the assay day, 

the plates were thawed at RT for 1 h, centrifuged at 1000xg for 1 min, and used for the 

assay. All reaction components were added using the Multidrop CombiTM. Two µl of 

freshly prepared enzyme solution (70 nM) was added in all wells except for the 
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negative control wells, which were filled with 2 µl assay buffer. The plates were 

preincubated in a high humidity chamber at RT for 10 min for the equilibration between 

the enzyme and the compounds. Next, 2 µl of freshly prepared substrate solution (50 

µM) was added to each well to initiate the reaction. The plates were incubated in a high 

humidity chamber at RT for 45 min. Subsequently, 8 µl of the detection mix, 

supplemented with 10 mM EDTA, was added to all wells. The plates were incubated 

at RT for an additional 80 min, followed by the luminescence measurement on the 

EnVision. To maintain the incubation periods for each single assay step, the HTS was 

performed in 14 cycles, each comprising 10 assay plates on average. After each cycle, 

the data were evaluated in terms of homogeneity, reliability, robustness, stability, and 

additionally for potentially perturbing effects based on defective plates, evaporation, 

and reagent dispensing. The data from all cycles were collected and analyzed in 

aggregate.  

3.2.18 HTS data processing 

The data from all measurement cycles were combined and analyzed by using 

Quattro/Workflow. For the overall HTS and each assay plate, the statistical parameters 

S/B, S/N, and Z'-value were calculated. Compounds were considered a primary hit if 

the inhibition was at least 50%.  

3.2.19 Chemical evaluation of HTS hits 

The initial hit list was evaluated regarding chemical properties. Both Pan-assay 

interference compounds (PAINS) and compounds containing groups like aldehydes, 

diazo, disulfit, thiocarbonyl, thiocarboxy, thiourea, and heavy metals were filtered out. 

Additionally, frequent hitter compounds were excluded from the hit list. The remaining 

compounds were classified as primary hits and used for further hit confirmation 

experiments.  

3.2.20 Hit confirmation and validation 

The primary hits were confirmed and validated by IC50 determination and counter 

screen assays and applying the GlutamateGloTM assay. For practicability, this counter 

screen was also performed in an IC50 format. For the counter screen, the conditions of 

the CCP1 activity assay and the devices used for the HTS were maintained. The 

assays were conducted in 384-well white U-bottom low-volume no surface-binding 

microtiter plates. The assay procedure was adapted from the HTS assay but with twice 

the volumes utilized. The compounds were diluted and transferred by the Echo® 520 
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Liquid Handler. Each compound was tested in 8 concentrations ranging from 30 µM to 

10 nM with a DMSO concentration of 0,3%. Per assay plate, 44 compounds were 

measured, resulting in 10 plates for both the IC50 determination and the counter screen 

assay, respectively.  

3.2.20.1 IC50 determination 

Four microliter CCP1 (70 nM, 2-fold) was transferred into all wells, except for column 

11, which served as negative control and was filled with 4 µl assay buffer. CCP1 was 

equilibrated with the compounds in a wet chamber at RT for 10 min before 4 µl of the 

substrate (50 µM; 2-fold) was added to all wells. After the plates were incubated in a 

wet chamber at RT for 45 min, 8 µl detection mix supplemented with 10 mM EDTA was 

added to all wells. Finally, the plates were incubated at RT for 80 min and measured 

on the EnVision. The IC50 values for the IC50 determination and the counter screen 

assay were assessed using Microsoft Excel XLfit. 

3.2.20.2 Counter screen 

The counter screen was conducted like the IC50 determination assay. Instead of CCP1 

and substrate, the plates were filled with 8 µl of an 8 µM glutamate solution, except for 

column 11, which served as negative control and was filled with 8 µl assay buffer.  

3.2.21 Hit verification 

To verify the validated hits, CCP1 was tested on an alternative substrate, telokin-3E. 

The reaction was detected by immunoblotting. The reaction was performed in a 384-

well white U-bottom low-volume no-surface-binding microtiter plate. The compounds 

were diluted and transferred by the Echo® 520 Liquid Handler. The compounds were 

tested at a single concentration of 30 µM, corresponding to a DMSO concentration of 

0,3%. 4µl of CCP1 (200 nM, 2-fold) was added to each well, followed by an incubation 

of 10 min at RT for equilibration purposes. For the negative control, 4 µl of assay buffer 

was added. Then, 4 µl telokin-3E (20 µM) was added to each well. The reaction was 

incubated at RT for 1 h. To stop the reaction, 8 µl EDTA (10 mM) was added to each 

well. For the immunoblotting experiments, the substrate was diluted at 1:30. Therefore, 

2 µl of the stop reaction solution was diluted with 38 µl assay buffer and 20 µl 3x 

Laemmli-buffer. The samples were transferred to a 96-well MicroAmpTM qPCR plate, 

sealed with an adhesive foil, and heated in a Mastercycler Gradient at 95°C for 10 min. 

The SDS-PAGE and the western blot experiments were conducted as described. For 
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the western blots, the membranes were probed with anti-GST and anti-polyE (Table 

3.9).  

3.2.22 Porcine brain tubulin assay  

The verified hits were tested on the primary cellular target of CCP1, i.e., tubulin. For 

this, purified porcine brain tubulin was utilized as a substrate for the reaction with 

CCP1. The hits were dose-dependently tested by applying the GlutamateGloTM Assay 

as for the hit validation assay (3.2.20) and western blotting as outlined in the hit 

verification section (3.2.21). For both experiments (see below 3.2.22.1and 3.2.22.2), 

the compounds were diluted and transferred to a 384-well white U-bottom low-volume 

no surface-binding microtiter plate by using the Echo® 520 Liquid Handler.  

3.2.22.1 Luminescent tubulin assay 

To equilibrate CCP1 with the compounds, 5 µl of CCP1 (250 nM, 2-fold) was pipetted 

into each well, except for the negative control well, which was filled with 5 µl assay 

buffer instead. Then, 5 µl of porcine brain tubulin (10 µM, 2-fold) was added to each 

well to initiate the reaction. After an incubation time of 45 min at RT, 10 µl of the 

detection mix supplemented with 10 mM EDTA was added to each well and incubated 

at RT for 60 min. The luminescence was measured on the Victor X5.  

3.2.22.2 Western blot tubulin assay 

Initially, 5 µl CCP1 (500 nM, 2-fold) was pipetted into each well, which has already 

been pre-filled with a compound. The negative control wells were filled with 5 µl assay 

buffer. For equilibration, the plates were incubated at RT for 10 min before the porcine 

brain tubulin (2 µM, 2-fold) was added. The reaction was performed in a wet chamber 

at RT for 1,5 h and stopped with 10 µl EDTA (10 mM, 2-fold). To dilute the samples for 

western blot experiments, 5 µl of each sample was transferred to a 96-well MicroAmpTM 

qPCR plate and diluted 1:5 with 20 µl assay buffer. As preparation for the SDS-Page, 

12,5 µl 3x Laemmli-buffer was added to each sample before sealing with an adhesive 

foil and heated in a Mastercycler Gradient at 95 °C for 10 min. The SDS-Page and the 

western blots were performed as described. For the detection, the antibodies anti-α-

tubulin and anti-polyE were applied (Table 3.9). 

3.2.23 Parallel artificial membrane permeability assay (PAMPA) 

The PAMPA is a low-cost alternative to cellular models for evaluating passive, 

transcellular permeation and is commonly used to estimate test compounds' 
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membrane permeability. In principle, the test compound dissolved in an aqueous buffer 

is added to a donor compartment. The receiver compartment, separated from the 

donor compartment by an artificial membrane (formed on a hexadecane membrane), 

is compound-free. After an incubation period, the UV/Vis absorption of the solution in 

each receiver well is measured by spectrophotometry, and permeation is calculated. 

As a reference, compound flux across the blank filter is measured. A graphical 

illustration of the assay principle is presented below (Figure 3.2). 

 

Figure 3.2: PAMPA illustration; adapted from Cyprotex. 

On day 1, the test compounds, reference compounds, both provided as 10 mM stock 

solution, and DMSO are diluted with 50 mM HEPES buffer to a final concentration of 

500 µM or in the case of DMSO to 5%. The compound dilutions are prepared in 1,2 ml 

deep-well plates. To prepare the receiver plate, 300 µl of 5% DMSO/HEPES buffer 

was added to each well. The donor plate was prepared by pipetting 6 µl of the 

membrane-forming (phospholipid) solution into columns 1-6 and 6 µl of the 

methanol/HEPES buffer into columns 7-12. The bottom from the donor plate was 

removed and placed onto the pre-filled receiver plate. 150 µl of each test compound, 

reference compound, and DMSO dilution were added on both halves of the plate three 

times. Columns 1-3 (with membrane) and 7-9 (reference w/o membrane), as well as 

the columns 4-6 (with membrane) and 10-12 (reference w/o membrane), respectively, 

belong together. The plate was incubated in a humidified chamber at RT for 20 h. On 

day 2, the donor plate was discarded, and 250 µl of the solution in the receiver plate 

was transferred to a 96-well UV/Vis plate to be measured on the Spectramax 

Absorbance plate reader. The spectrum between 250-500 nm was recorded by using 

the SoftmaxPro 5.2 software. The obtained data were processed in Microsoft Excel.  

+

artificial

membrane

(phospholipid

dodecane)
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Calculation of permeation (% Flux)  

The data were analyzed with Microsoft Excel. Permeation expressed as % Flux is 

calculated based on the recorded AUC values in the receiver wells with and without 

the addition of membrane-forming solution according to the following formula: 

% 𝐹𝑙𝑢𝑥 =  
𝐴𝑈𝐶 𝑚𝑒𝑎𝑛 (𝑚𝑒𝑚𝑏𝑟𝑎𝑛𝑒) ∗ 100%

𝐴𝑈𝐶 𝑚𝑒𝑎𝑛 (𝑚𝑒𝑡ℎ𝑎𝑛𝑜𝑙/𝐻𝐸𝑃𝐸𝑆)
 

 

Evaluation of results 

To ensure the validity of the generated data for test compounds, values for the selected 

references Ranitidine, Theophylline and Propranolol should be within the range of 

predefined values given below. Within a series of previous LDC test compounds, 

permeability calculated as % Flux is ranked as follows according to internally defined 

thresholds (Table 3.19). 

 

 

Table 3.19: permeability thresholds of reference compounds 

 % Flux 

 Ranitidine Theophylline Propranolol 

low permeability <5   

medium 

permeability 
 5-25  

high permeability   >25 

 

3.2.24 Solubility ranking (SolRank) 

To determine the solubility of hits to rank the compounds, the relative solubility of 

compounds in an aqueous buffer compared to an organic solution such as acetonitrile 

was assessed. Absorbance ratios were measured by spectrophotometry. A schematic 

illustration is given below (Figure 3.3). 
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 Figure 3.3: SolRank principle; adapted from Cyprotex. 

The test compounds and reference compounds, both provided as 10 mM stock 

solution, and DMSO are diluted with 50 mM HEPES buffer to a final concentration of 

500 µM or in the case of DMSO to 5%. To prepare the filter plate, three times 100 µl 

of each compound dilution was transferred into columns 1-6 before covered with a lid 

and shaken at 180 rpm for 90 min. Meanwhile, three times 100 µl of each compound 

dilution was directly pipetted into columns 7-12 of the UV-Vis plate. After adding 100 

µl acetonitrile to each sample, the plate was covered with a lid and incubated on an 

orbital shaker at 180 rpm for 90 min. The base plate of the filter plate was removed, 

and the samples from columns 1-6 were directly centrifuged into the UV-Vis plate, 

containing acetonitrile in columns 7-12, at 500 rpm for 1 min. Finally, 100 µl acetonitrile 

was added to each sample in columns 1-6. The UV-Vis plate was measured on the 

Spectramax Absorbance plate reader by recording the spectrum between 250-500 nm. 

Therefore, the SoftmaxPro 5.2 software was used. The obtained data were processed 

in Microsoft Excel. 

Calculation of solubility (relative concentration) 

The collected data were analyzed using Microsoft Excel. The relative solubility was 

calculated based on the recorded area under the curve (AUC) values according to the 

following formula: 

𝑠𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦 [µ𝑀] =  
𝐴𝑈𝐶 (𝐻𝑒𝑝𝑒𝑠)𝑚𝑒𝑎𝑛 ∗ 500 µ𝑀

𝐴𝑈𝐶 (𝐻𝑒𝑝𝑒𝑠: 𝐴𝐶𝑁) 𝑚𝑒𝑎𝑛
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Evaluation of results 

To ensure the validity of the generated data for test compounds, values for the selected 

references should be within the predefined range. This range is defined by compounds 

diethylstilbestrol, ketoconazole, and bendroflumethiazide (Table 3.20): 

Table 3.20: reference data obtained at the LDC (2008/09-2014/03) 

 relative concentration (µM) 

 Diethylstilbestrol Ketoconazole Bendroflumethiazide 

50 mM HEPES 

pH=7,4 
11,5 ± 12,3 125,1 ± 19,8 404,6 ± 41,3 

 

In general, a series of compounds can be classified as follows (Table 3.21)Table 3.21: 

thresholds for solubility ranking: 

Table 3.21: thresholds for solubility ranking 

 relative concentration (µM) 

low solubility <20   

medium solubility  20-120  

high solubility   >120 

 

3.2.25 nano differential scanning fluorimetry (nanoDSF) 

To determine the appropriate protein amount, CCP1 was titrated in CCP1 activity 

assay buffer, starting with a concentration of 4 µM to 0,25 µM. For each dilution, 15 µl 

was transferred into a 384-well white U-bottom low-volume no surface-binding 

microtiter plate. The buffer served as a negative control. Each sample was loaded 

separately into high sensitivity capillaries and placed into the holder of the Prometheus 

NT.48. The capillaries were inserted into the device by starting the measurement 

protocol. The excitation was executed at 80% at 285 nm, while the emission was 

measured at 330 and 350 nm. The initial temperature of 20°C increased by increments 

of 2°C/min until reaching 90°C. At each temperature, the fluorescence of the samples 

located in the capillaries was measured. With the aid of the PR.control software, the 

melting temperature and the suitable amount of CCP1 were determined. 
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For hit verification experiments, 2 µM CCP1 in CCP1 activity assay buffer was 

preincubated with 30 µM compound at RT for 1 h. The compound transfer was 

accomplished by the Echo® 520 Liquid Handler, transferring 45 nl into 15 µl CCP1 

solution. 0,3% DMSO diluted in buffer served as the negative control. The 

measurement procedure was as described in the titration experiment above.  

3.2.26 Hit cluster testing 

The evaluated clusters 115, 196, and 209 were chosen for further investigations and 

testing. All available in-house compounds of each cluster were tested in the western 

blot tubulin assay (3.2.22.2) at a single concentration of 30 µM. 

3.2.27 Mammalian cell culture maintenance 

The cell lines were maintained in T175 culture flasks for all cell culture experiments. 

The cells were washed with 10 ml DPBS and harvested by adding 10 ml trypsin and 

incubating at 37°C for 10 min. Then, 10 ml of the respective supplemented medium 

was added to the cells to stop the trypsin reaction, followed by centrifugation at 1000 

rpm 50 ml falcon tubes for 3 min. The medium was discarded, and the pelleted cells 

were resuspended in a 10 ml supplemented medium. For seeding, 300 µl of the cell 

suspension was used for cell number counting using the automated cell counter Cedex 

HiRes Analyzer. The necessary number of cells, ranging between 1,5*10^6 and 3*10^6 

cells, was finally transferred into a new T175 flask filled with 40 ml supplemented 

medium. The cells were maintained at 37°C in a 5% CO2 atmosphere. 

3.2.28 Transient Transfection of HEK293T cells 

HEK293T cells were transiently transfected using the transfection reagent TransIT LT-

1 and the plasmids 2059 and 2188 (Table 3.13), encoding for active mCCP1-EYFP 

and protease-dead mutant mCCP1-EYFP, respectively. To achieve a high 

homogeneity in a multiwell plate, the cells were batch-transfected in a 50 ml falcon 

tube before seeding. For overexpression test experiments, a 12-well plate was used. 

The transfection reagent was equilibrated at RT for 30 min. Meanwhile, a cell 

suspension with a cell concentration of 5*10^5 cells/ml was prepared. In each well, 1 

µg of plasmid DNA was diluted in 100 µl of pre-warmed GibcoTM Opti-MEMTM medium 

before 3 µl of the transfection reagent was added. The transfection mix was incubated 

at RT for 20 min before adding 1 ml of the prepared cell suspension. The 

transfection:cell mix was transferred into the corresponding wells of a 12-well plate, 

and the cells were incubated at 37°C with 5% CO2 for 24-72 h. When necessary, the 
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transfection of EYFP-tagged CCP1 was checked with the IncuCyte® ZOOM System, 

a live cell imaging system, allowing monitoring cells in brightfield and a green 

fluorescence channel (Ex.440-480 nm, Em: 504-544 nm). 

3.2.29 Immunocytochemistry of CCP1 overexpressing HEK293T cells 

For immunofluorescence experiments, coated coverslips were used. The coverslips 

were washed in 70% ethanol before rinsing in PBS twice and transferring into a 24-

well plate. Five hundred microliter of a mix of 0,02% gelatin and 5 µg/ml fibronectin 

were pipetted on each coverslip and incubated at 37°C and 5% CO2 for 1 h. In the 

meanwhile, the cells were transiently transfected using the transfection reagent 

TransIT LT-1. The plasmids 2059 and 2188 (Table 3.13), encoding for active mCCP1-

EGFP and protease-dead mutant mCCP1-EGFP, respectively, were used. Therefore, 

500 µl of a cell suspension with 10^5 cells/ml was prepared per well. For each well, 

500 ng of plasmid DNA was diluted in 50 µl of pre-warmed GibcoTM Opti-MEMTM 

medium before 1,5 µl of the transfection reagent was added. During the 20 min 

incubation at RT, the coverslips were rinsed with PBS twice. The transfection mix was 

added to the cell suspension, and 550 µl of transfection:cell mix was distributed into 

the corresponding wells of the 24-well plate. The cells were incubated at 37°C and 5% 

CO2 for 72 h. For the immunostaining, a 4% paraformaldehyde solution was freshly 

prepared. For that, 4 g of paraformaldehyde was dissolved in 100 ml hot PBS, and the 

solution was stirred at high temperature (> 70 °C) while adding 40 µl of 5 M NaOH. 

Once the solution was clear, 15 µl of 37% HCl was added, and the solution was allowed 

to cool down to RT before the pH of 7,4 was adjusted by using 5 M NaOH and 37% 

HCl. The transfected cells were washed with PBS twice before adding 500 µl 4% 

paraformaldehyde into each well to fix the cells. After the cells were incubated at RT 

for 10 min and then washed with PBS twice, the primary antibody Δ2tub and phalloidin 

488 were added. The Δ2tub/phalloidin mix was prepared by diluting each component 

1:1000 in PBS. The mix was incubated overnight at 4°C. The next day, the cells were 

washed with PBS-T twice before the secondary antibody anti-rabbit AlexaFluor 568 

was prepared 1:1000 in PBS to label the Δ2tub antibody. After incubation in the dark 

for 2 h at RT, the cells were washed in PBS-T twice, and DAPI staining was performed 

using NucBlue Fixed Cell Ready ProbesTM reagent. For that, for each ml staining 

solution, 2 drops of the reagent were diluted in PBS. The DAPI solution was incubated 

at RT in the dark for 15 min before the cells were rinsed in PBS twice. Finally, the 

coverslips were transferred on glass slides upside down and mounted with 
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Fluoromount GTM. The mounting medium was allowed to dry while keeping the slides 

at 4°C in the dark overnight. The slides were subjected to the inverted fluorescence 

microscope Marianas.  

3.2.30 Transient DsiRNA knockdown  

For transient knockdown experiments, HEK293T cells were transfected using the 

transfection reagent TransIT-siQUEST and the TriFECTa DsiRNA Kit containing three 

different DsiRNA constructs against murine CCP1, a scrambled negative control, a 

fluorescent TYETM 563 transfection control, and a DsiRNA HRP positive control. The 

constructs were pre-tested before the most efficient CCP1-DsiRNA 

(mm.Ri.Agtpbp1.13.3) was used for the actual knockdown experiment. In a 24-well 

plate, 10^5 cells were seeded per well and incubated at 37°C and 5% CO2 overnight. 

The next day, the transfection reagent was equilibrated at RT for 30 min before 1,5 µl 

of the reagent was diluted in 50 µl of pre-warmed GibcoTM Opti-MEMTM. 1,4 µl of 

DsiRNA (10 µM) was added and incubated at RT for 20 min. Meanwhile, the medium 

was removed from the cells and refreshed with 500 µl medium. The transfection mix 

was transferred dropwise to the corresponding wells, which were gently swirled. The 

cells were incubated at 37°C and 5% CO2 for 72 h. For double transfection 

experiments, the cells were transfected with TransIT-LT1 using plasmid 2059 encoding 

for the active murine CCP1 variant before the DsiRNA was transfected with a gap of 3 

hours in between. The cells were subjected to SDS-PAGE as described. For the 

western blot experiments, the antibodies, anti-α-tubulin and anti-Δ2tub, were utilized 

(Table 3.9). 

3.2.31 Compound treatment of CCP1 overexpressing HEK293T cells 

For compound treatment experiments, the cells were transiently transfected in a 48-

well plate using the transfection reagent TransIT LT-1. The plasmids 2059 and 2188 

(Table 3.13), encoding for active mCCP1-EGFP and protease-dead mutant mCCP1-

EGFP, were used, respectively. Two hundred sixty-three microliter of a cell suspension 

with 2*10^5 cells/ml was prepared per well. For each well, 260 ng of plasmid DNA was 

diluted in 26 µl of pre-warmed GibcoTM Opti-MEMTM medium before 0,78 µl of the 

transfection reagent was added. After 20 min incubation at RT, the transfection mix 

was added to the cell suspension, and 290 µl of transfection:cell mix was distributed 

into the corresponding wells of the 48-well plate. The cells were incubated at 37°C with 

5% CO2 for 72 h in total. After 48 h, the cells were treated with compounds 30 µM 
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diluted in supplemented DMEM. For dose-response experiments, 6 concentrations in 

the range of 0,1-30 µM were used. The positive controls (active CCP1) and negative 

controls (inactive CCP1) were treated with 0,3% DMSO, also diluted in supplemented 

DMEM. After the treatment over 24 h, the cells were collected and processed for 

immunoblotting experiments as described (3.2.5). The quantification was performed 

by densitometry using Image StudioTM provided by LI-COR. Dose-response curves and 

IC50-value determination were prepared in GraphPad-Prism 7.  

3.2.32 CellTiter Glo® assay  

To test the compounds' potential effects on cell viability, the CellTiter® Glo assay 

(CTG® assay) was applied. Transiently transfected HEK293T cells were treated with 

the compounds at 30 µM for 24 h. For this, a cell suspension of 11*10^6 cells in 36 ml 

supplemented DMEM was prepared for the transfection. The transfection mix was 

prepared by diluting 44 µg of plasmid DNA in 3,8 ml pre-warmed GibcoTM Opti-MEMTM 

medium before 132 µl of the transfection reagent TransIT-LT1 was added. After an 

incubation of 20 min at RT, the transfection mix was pipetted to the cell suspension, 

mixed gently, and transferred to a T175 cell culture flask. The transfected cells were 

incubated at 37°C and 5% CO2 for 48 h. Next, the cells were maintained as described, 

and 800 cells in 25 µl were seeded per well on a white 384-well microtiter plate. The 

cells were allowed to attach to the well bottom for 4 h before treated with the 

compounds by using the Echo® 520 Liquid Handler. Dose-response protocols were 

employed with compound concentrations between 30 µM and 10 nM. As a negative 

control, the cells were treated with 30 µM staurosporine. After an incubation of 24 h at 

37°C and 5% CO2, the cell viability was measured with the CTG® assay. The cells 

were equilibrated at RT for 30 min while the detection mix was prepared according to 

the manufacturer's instructions. After 25 µl of the detection mix was added to each 

well, the plates were mixed on an orbital shaker at 300 rpm for 5 min and incubated 

protected from light at RT for 10 min. The luminescence was measured on the Victor 

X5. The IC50 curves were plotted with Microsoft Excel XLfit.  

3.2.33 Taxol kinetics 

HT-22 and SH-SY5Y cells were stimulated with taxol to increase the Δ2tub species 

within the cells. Therefore, variable concentrations of taxol were tested over time to 

follow the Δ2tub generation. First, 2,5*10^5 cells were seeded on a 12-well plate and 

incubated at 37°C and 5% CO2 overnight. The next day, the cells were treated with 
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0,5, 1, and 2 µM taxol or 0,02% DMSO. After an incubation of 3, 6, and 24 h, the cells 

were processed for SDS-PAGE as described. For the western blot experiments, the 

antibodies, anti-α-tubulin and anti-Δ2tub, were utilized to probe the membranes (Table 

3.9).  

3.2.34 Taxol stimulation assay  

HT-22 and SH-SY5Y cells were treated with the test compounds for 1 h before taxol 

stimulation. First, 2,5*10^5 cells were seeded on a 12-well plate and incubated at 37°C 

and 5% CO2 overnight. The next day, the cells were pre-treated with 30 µM 

LDC067325 or LDC046126 for 1 h before stimulating with 1 µM taxol for 24 h. As a 

reference treatment, 25 µM 1-10-Phenanthroline was used. The cells were subjected 

to SDS-PAGE as described. For the western blot experiments, anti-α-tubulin and anti-

Δ2tub were utilized (Table 3.9).  
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4 Results 

4.1 Protein production and CCP1 characterization 

For any biochemical HTS, sufficient enzyme protein for the entire screening campaign 

has to be produced. Therefore, the CCP1 plasmids served as templates for protein 

production at the DPF, while the telokin proteins were produced in-house at LDC. 

4.1.1 Production of functional CCP and diverse telokin forms 

Initially, the genes of interest were subcloned into compatible transfer vectors, which 

were used to create expression plasmids by applying the flashBACTM expression 

system. Based on the homolog sites of the transfer vector and the bacmid plasmid, a 

recombinant virus was generated containing the sequence of CCP1. Only the correctly 

created recombinant plasmids comprised a functional promoter sequence, resulting in 

a homogenous generation of P1 viruses without any additional selection steps. After 

generating the P2 virus from the amplified P1 virus, a small quantity of the P2 virus 

was applied to check the expression of CCP1 in the High FiveTM and SF9 cells. The 

expression test was conducted at 27°C for 48 h and 72 h (Figure 4.1, A). 

Electrophoresis of the nickel-matrix purified CCP1 revealed a higher expression of 

protein quantities in High FiveTM cells than SF9 cells and a higher yield after an 

expression period of 48 h compared to 24 h. The fractions containing CCP1 protein 

were pooled (Figure 4.1, B) and concentrated before storing at -80°C. Starting with 

different plasmid constructs (Table 3.13), the protein based on plasmid 2580 and 

subcloned into pOPIN-C-His resulted in the highest yield, purity, and activity. Hence, it 

was the protein chosen for the subsequent biochemical experiments. 

Building on these efforts, we produced several GST-tagged telokin proteins by 

applying a bacterial IPTG-inducible system and a purification via GST-binding gravity-

flow columns. Several fractions were eluted and subjected to Coomassie staining, 

followed by examining the purified proteins (Figure 4.1, C, f1-f5). The elution fractions 

2-4 contained almost all the protein of interest, while the washing step removed all 

other remaining proteins. Bands around 25 kDa indicated significant levels of GST 

protein. Telokin-1E, -2E, -3E, and -4E have an increasing number of glutamates at 

their C-terminus. The difference of single glutamates cannot be visualized by gel 

electrophoresis. Therefore, western blotting with two different antibodies, anti-Δ2-

tubulin and anti-polyE, was performed (Figure 4.1, D, left panels). The anti-polyE 
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(A) CCP1 was expressed in insect cells and purified with Ni-affinity and gel filtration chromatography. 

An expression test showed the highest amount of protein in High FiveTM cells after 48 h expression at 

27°C. (B) Electrophoresis revealed distinct pure protein quantities in the fractions A9-B10, which were 

pooled and used for further procedure. (C) Telokins with variable C-terminal glutamate residues were 

expressed in E. coli rosetta for 4 h after IPTG induction and purified with a GST-binding glutathione 

sepharose matrix. Coomassie staining shows the eluted fractions 1-5 (f1-f5), rinsed flow-through (w), 

and the regeneration fractions (reg1, reg2). The fractions 2-4 contained most of the protein and were 

collected. (D) The polyE blot indicates correct expression by confirming three consecutive C-terminal 

glutamates. The anti-Δ2-tubulin antibody binds to all telokin proteins due to unspecific binding (left). 

Telokin-3E was diluted, and the membrane was probed with polyE, showing only one clear band at 44 

kDa. Dilutions of telokin-1E and -2E were detected concentration-dependently and revealed the 

specificity of the anti-Δ2-tubulin antibody against protein amounts of 0,2 µg or less (right). (E) CCP1 

activity was confirmed by following the reaction on telokin-3E. 0,25 µM CCP1 was sufficient to diminish 

the polyE signal within 1 h at RT. 

antibody visualizes at least three consecutive glutamate residues at the C-terminus, 

e.g., telokin-3E and telokin-4E, whereas the anti-Δ2-tubulin antibody is supposed to 

bind the Δ2-tubulin-sequence -GE only. Since the blots contained high amounts of 

proteins (Figure 4.1, D, lower left panel), we titrated telokin-1E, -2E, and -3E to rule out 

the possibility of non-specific binding or superimposition. Each protein showed only 

one clear band at 44 kDa, using the anti-Δ2-tubulin and anti-polyE antibody (Figure 

4.1, D, right panels). However, the anti-Δ2-tubulin antibody revealed concentration 

dependency. Its specificity against telokin-1E fades for telokin amounts of about 0,2 µg 

Figure 4.1: CCP1 and telokin purification. 
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and higher. In summary, the telokin proteins were expressed and verified by western 

blotting.  

Finally, the activity of CCP1 was assessed by a reaction with telokin-3E with increasing 

concentrations of CCP1 (Figure 4.1, E). Submicromolar CCP1 amounts are sufficient 

to remove the glutamate residues from telokin-3E at RT within 1h. Altogether, various 

telokin proteins and murine CCP1 were successfully expressed, purified, and verified 

in a biochemical activity experiment.  
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4.1.2 CCP1 converts peptide substrates effectively and follows Michaelis-

Menten kinetics 

To understand the kinetics and reaction behavior, CCP1 was studied. Although 

western blotting is a good method to monitor the reaction, it was necessary to identify 

a more suitable assay for HTS. Instead, the luminescence-based GlutamateTM Glo 

assay from Promega was applied. This assay allows monitoring of free glutamate using 

a cascade of enzymes. A coupled activity assay was established based on glutamate 

release from a polyglutamate stretch (Figure 4.2, A). Activity and conversion rates of 

CCP1 were characterized by testing different substrates. Peptides were the substrate 

of choice for the reaction. Three biotin-tagged peptides mimicking the C-terminus of 

either α-tubulin (Biotin-3EG3E) or truncated telokin (Biotin-2EGG2E, Biotin-2EGGE) 

were tested by determining the Michaelis-Menten kinetics. Variable concentrations of 

the peptides were applied to the reaction with CCP1, and the initial velocities were 

calculated (Figure 4.2, B). Increasing concentrations of peptide resulted in higher initial 

velocities until saturation was almost reached at 50 µM. 100 and 200 µM peptide 

increased the velocities slightly. To ensure that data were obtained within the linear 

range, glutamate standard curves were generated (Figure 4.2, C). Additionally, the 

curves were employed to convert the luminescence signals into concentration units 

and create the Michaelis-Menten kinetics by plotting the initial velocities against the 

substrate concentrations. (Figure 4.2, D). Km and Vmax values of 31,9 and 41,4 µM, and 

1,05 and 0,88 µm/min were determined for Biotin-3EG3E and Biotin-2EGG2E, 

respectively. kcat of 21,08 and 17,65 min-1and Kcat/Km of 660.815 and 436.881 mol-1 

min-1 were determined for both peptides. Biotin-3EG3E is the more efficient substrate 

for CCP1 under these conditions. Biotin-2EGGE was not metabolized by CCP1, 

indicating a glutamate-glutamate-specific cleavage for CCP1 but not glycine-glutamate 

cleavage. With 25 µM Biotin-3EG3E as substrate, CCP1 was tested and titrated to 

evaluate the adequate reaction time and enzyme concentration for the upcoming HTS. 

Finally, the reaction was conducted for 90 min with glutamate standard curves as 

controls (Figure 4.2, E). The luminescence signal was plotted against the CCP1 

concentration. Each graph illustrates one time point. The black graph represents the 

detection limit of the assay so that conditions above this graph were not considered 

appropriate for the HTS (Figure 4.2, E, marked area). In preparation for HTS, a CCP1 

concentration was chosen for identifying potential inhibitors. Therefore, a CCP1 

concentration near the inflection point of the curve was used. For all further, 
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(A) CCP1 sequentially cuts off the C-terminal glutamate sequentially from the substrate before the 

enzyme cascade of the Glutamate-GloTM assay kit utilizes the released glutamate to generate 

luminescence. Adapted from Promega Technical Manual for J7021/22. (B) For the Michaelis-Menten 

kinetics, variable concentrations of substrate between 6,25 and 200 µM were assessed in the presence 

of 50 nM of CCP1. The initial reaction rates were monitored for 20 min. The linear ranges of the curves 

were used to estimate the velocities for each substrate concentration. Experiments were carried out with 

Biotin-3EG3E. (C) To convert the luminescence signal into concentration units, glutamate standards 

were carried along. Shown are the standard curves for 15 and 20 min with up to 25 µM glutamate, which 

was used as the upper limit of the linear range. (D) Plotting the initial velocity rates against the substrate 

concentration resulted in the Michaelis-Menten kinetics. The substrates Biotin-2EGG2E and Biotin-

3EG3E showed Km values of 40,4 and 31,9 µM, respectively. Biotin-2EGGE was not utilized as a 

Figure 4.2: CCP1 characterization with the GlutamateGloTM assay. 
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substrate. Biotin-2EGG2E kcat: 17,7 min-1, kcat/Km: 436.881 mol-1min-1; Biotin-3EG3E kcat: 21,1 min-1, 

kcat/Km: 660.815 mol-1min-1. (E) To determine the most suitable reaction conditions for the HTS, CCP1 

was titrated, and the reactions with 25 µM Biotin-3EG3E were monitored for 90 min. Each graph 

represents one time point. The black graph illustrates the assay detection limit for the linear range (det. 

limit). All reactions were performed at RT in 50 mM HEPES, 5 mM MgCl2, 1 mM EGTA, 0,01% TWEEN 

20 and 2 mM TCEP at pH= 7,5. 

HTS preparatory experiments, a reaction time of 45 min and a CCP1 concentration of 

35 nM were used. 
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4.2 Assay development 

The CCP1 activity assay was tested regarding specific parameters and conditions to 

verify its applicability for HTS. Therefore, an assay development procedure was 

initiated, including miniaturization, solvent tolerance, modulation capability, data 

consistency and homogeneity, and pilot screening. 

4.2.1 Miniaturization, DMSO tolerance, and modulation capability of the CCP1 

activity assay  

The reaction conditions from the kinetic experiments were adopted for the assay 

development experiments. Twenty-five micromolar Biotin-3EG3E and 35 nM CCP1 

were incubated at RT for 45 min before the reaction was stopped. The luminescence 

signal was measured after an additional 80 min incubation at RT. For miniaturization 

purposes, the assays were conducted in 384- and 1536-well format and the quality of 

the outcome was compared. With both plate formats, the S/B, S/N, and Z´-values were 

comparable. S/B and S/N were far above 5, meeting the in-house threshold, and a Z´-

value of 0,8 and 0,9 in 384- and 1536-well format, which is indicative of a very stable 

assay (Figure 4.3, A). The low coefficient of variation values confirmed a low deviation 

rate of the positive and negative controls with both plate formats. To exclude any 

solvent-related effects, the DMSO tolerance was tested by using DMSO 

concentrations of up to 1%. DMSO did not show any interference in the assay (Figure 

4.3, B). Next, several compounds were tested with CCP1 to check the capability of 

being modulated. To date, no known CCP1 inhibitors are available. Therefore, 

compounds from different inhibitor classes were used, including 7 matrix-

metalloprotease inhibitors (Figure 4.3 C, left), 8 proteasome inhibitors (Figure 4.3 C, 

middle), and 4 miscellaneous compounds (Figure 4.3 C, right). One single compound 

from each of these groups revealed inhibitory activity for CCP1. Tanomastat, Celastrol, 

and 1,10-Phenanthroline showed IC50 values of 21,7, 2,8, and 383 µM, respectively. 

Although the potato carboxypeptidase inhibitor (PCI) and 2-MMP/ZJ43 are highly 

potent for Carboxypeptidase A/B and glutamate carboxypeptidase II, respectively, they 

did not show any effect on CCP1. In summary, the CCP1 activity assay was developed 

as a 1536-well format, showed high resistance against DMSO concentrations below 

1%, and can be modulated by inhibitors.  
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(A) The CCP1 activity assay was performed in 384- and 1536-well plates to compare the assay quality. 

Thirty-five nanomolar of CCP1 was incubated with 25 µM Biotin-3EG3E for 45 min at RT before the 

detection mix was added. The negative control was without CCP1. The Signal-to-Background (S/B), 

Signal-to-Noise (S/N), Z´-value, and the coefficient of variation (% CV) of the positive and negative 

controls were determined for both plate formats. For 384- and 1536-well plates, S/B and S/N values of 

38 and 34, and 60 and 16, respectively, indicated a proper assay window between the positive and 

negative control. For 384- and 1536-well plates, the Z´-values and % CV values of 0,9 and 0,8, 3 and 

12%, and 6 and 4% confirmed a stable assay with a low deviation. (B) DMSO concentrations of up to 

1% were tested in the CCP1 activity assay without any interference. (C) The modulation capability was 

tested by applying various known inhibitors of three different groups: 7 matrix-metalloprotease inhibitors 

(left), 8 proteasome inhibitors (middle), and 4 miscellaneous inhibitors (right), including the general metal 

chelator 1,10-Phenanthroline, the potato carboxypeptidase inhibitor (PCI) and the glutamate 

carboxypeptidase II inhibitors 2-MPPA and ZJ43. Tanomastat, Celastrol, and 1,10-Phenanthroline 

unveiled inhibition with IC50 values of 21,7, 2,8, and 383 µM, respectively. For all compounds, the tested 

range was 50-0,25 µM, except for 1,10-Phenanthroline with 1000-7,8 µM. The red curves illustrate the 

active compounds.  

4.2.2 Assay automation and device optimization 

The adaption of automated assay systems is crucial for screening under highly 

standardized conditions in a 1536-well format. Precise and reproducible transfer of all 

assay components was accomplished with the Multidrop CombiTM. The peristaltic 

pump system allows low volume dispensing as low as 1 µl in a high throughput fashion. 

To avoid cross-contamination, three dispensing cassettes were used for the substrate, 

the enzyme, and the detection mix, respectively. Buffer instead of CCP1 for the 

negative controls was added with the dispensing cassette, which was used for the 

Figure 4.3: CCP1 activity assay miniaturization, DMSO tolerance, and modulation capacity. 
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detection mix. Before and after each use, the dispensing cassettes were washed 

thoroughly with ddH20 and 70% ethanol to avoid any carry-over or impurities from 

previous experiments. To test for the functionality of the Multidrop CombiTM, all assay 

components were prepared and transferred into Falcon tubes, serving as reservoirs 

for the dispensing cassettes. As an HTS, the following pipetting set up was established: 

2 µl for enzyme, 2 µl buffer for the negative controls, 2 µl for substrate, and 4 µl of 

detection mix.  

The detection device is considered a critical aspect of any HTS because the increased 

throughput of plates might lead to time-shifted readouts. Ideally, the reaction of interest 

and the detection reaction should be finalized at the readout timepoint. Nevertheless, 

unforeseen effects or evaporation might have a tremendous impact on the results if 

the number of plates to be measured is too high. Therefore, the number of plates per 

screening cycle shall be constant and precisely adjusted the device's readout protocol. 

Hence, several settings like filter sensitivity, detection height, detection duration per 

well, and potential well position-specific effects were explored.  

4.2.3 Uniformity test of the 1536-well plate 

A uniform signal across the plate is crucial to perform an HTS. To monitor the stability 

and homogeneity, a 1536-well plate was prepared with positive and negative controls. 

Therefore, the HTS layout was tested to identify potential pitfalls for the HTS 

concerning signal distribution (Figure 4.4, A). The luminescence signal and the quality 

parameters S/B, S/N, and Z' were calculated for each column and row. The column-

by-column analysis revealed a slight shift from left to right but was still in the 15% 

deviation range from the average signal (Figure 4.4, B). This shift was also observed 

in the S/B and S/N values but was still in an acceptable range. All columns showed 

values >25, indicating assay stability and a large assay window. The adequate 

separation of positive and negative controls was also confirmed by the Z´-values of at 

least 0,8 across all columns. Similar results were observed in the row-by-row analysis 

(Figure 4.4, C). The signal homogeneity over all rows was stable within the 15% 

deviation range and showed proper S/B and S/N values of at least 25 and 15, 

respectively. Z´-values of 0,7 and higher verified the high quality of the obtained data. 

There was no shift from the top to the bottom rows. 
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(A) Positive and negative controls were pipetted into a 1536-well plate to check the signal homogeneity 

across the entire plate. Columns 1-20 and 25-48 were filled with positive controls, while columns 21-24 

were prepared with negative controls. This pattern illustrates the HTS layout. (B) The signal distribution 

was analyzed column-by-column and showed a slight drift from left to right but was never outside the 

15% deviation range (dotted blue line) of the average (straight blue line). The S/B values showed a 

proper assay window while maintaining low signal fluctuation, confirmed by S/N values of >25. The Z´-

values confirmed high assay quality. (C) The row-by-row analysis exhibited a stable and even signal 

distribution across the plate with S/B values of >25, S/N values >15, and Z´-values >0,7.  

  

Figure 4.4: Signal distribution across a 1536-well plate.  
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4.2.4 Inter-day consistency pilot screen 

Before the actual HTS was performed, the CCP1 activity assay was tested in an inter-

day consistency pilot screening to test if the resulting data are reliable over multiple 

screening days, mimicking real HTS conditions. For that, three compound plates, each 

containing 1408 compounds, were screened on two different days, and the data sets 

were evaluated in terms of stability and degree of deviation. Therefore, positive and 

negative luminescence signals were compared and showed no significant divergence 

as confirmed by S/B and S/N values >24 and >9, respectively (Figure 4.5, A). The high 

stability of the controls was reflected by the low variations 

(A) Three 1536-well compound plates were tested in the pilot screen to verify the stability and 

consistency of the obtained data. The signals of the positive and negative controls were compared by 

overlaying both data sets (black: data day 1, blue: data day 2). The controls of both days show high 

similarity in terms of signal intensity and deviation. The S/B values of all plates were at least 24, the S/N 

values were around 10, and the Z´-values were well above 0,5. The % CV of around 10% throughout 

all plates confirmed low deviations in the controls. For visualization purposes, the y-axes were 

intercepted. The well numbers illustrated on the x-axes are based on an arbitrary numeration. The 

straight lines indicate the respective mean value. (B) The compound activity results were compared by 

Figure 4.5: Pilot screening of 4224 compounds. 
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plotting both data sets against each other and applying a Pearson correlation analysis. All three plates 

revealed high correlations of 0,97, 0,97, and 0,96, showing reproducible data.  

of mainly below 10%. The sufficient Z´-values of 0,66 upwards were calculated 

throughput all plates and validated well-separated controls. Furthermore, the actual 

compound data were checked by plotting the data sets from days 1 and 2 against each 

other. All three tested plates revealed high correlation values of 0,97, 0,97 and 0,96 

(Figure 4.5, B). Taken together, the pilot screening of three compound plates under 

HTS conditions confirmed successful assay implementation and the applicability of the 

CCP1 activity assay to be employed in a high throughput manner and deliver confident 

data. 
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4.3 High throughput Screening 

The HTS was conducted using semi-automated systems with the previously 

established conditions (Figure 4.6, A). It comprised 123 compound plates in 14 

screening cycles. After each cycle, the obtained data were analyzed to monitor the 

assay outcome and to identify potential malperformance. In the case of poor 

performance, single cycles were repeated. Finally, the data of all cycles were collected 

and analyzed.  

4.3.1 HTS quality evaluation 

To monitor the performance and quality of the HTS, the controls were analyzed 

regarding deviation and separation by determining the quality parameters S/B, S/N, 

and Z'. The processed data of all 7872 positive and negative controls were surveyed 

across all plates, showing a representative distribution and  

(A) The HTS procedure was conducted under the previously defined conditions. The assay workflow 

comprised preparation of assay-ready-plates, pre-incubation of the enzyme with compounds, enzyme 

reaction, and detection after an additional incubation of 80 min with the detection reagent. (B) All 7872 

positive (green) and negative (red) controls of the HTS were plotted to survey the distribution, which 

showed a distinct separation of positive and negative controls (left). The CVs of all plates were 

determined and showed mainly low deviations below 10% (right: green dots=positive control; 

red=negative control). (C) S/B, S/N, and Z' were determined and showed adequate values for all plates. 

Blue lines represent the respective mean values. 

Figure 4.6: HTS controls analysis and quality assessment. 
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separation (Figure 4.6, B, left). The low variation of the controls of around 10% on each 

plate reflected high stability (Figure 4.6, B, right). Additionally, the S/B ratios of each 

plate showed values around 30, except for the first, third, and fourth cycle, for which 

the values were about 10, and thus, still sufficient (Figure 4.6, C, left). The S/N 

fluctuated around a mean value of 26 throughout all plates. Overall, Z´-values of 

around 0,76 supported the high-quality data of the entire HTS, confirming the 

successful performance of the screening and reliable data generation. 

4.3.2 HTS and hit identification 

Compound-mediated inhibition of CCP1 is shown as residual enzyme activity. The 

result of each screened compound was plotted to generate an overview. Most of the 

compounds were inactive, shown by the high accumulation of data at 100% residual 

activity (Figure 4.7, A). Some compounds showed an activity higher than  

 

(A) All compound results were visualized in a scatter plot to survey the HTS outcome. Most of the 

compounds did not show any inhibition, leading to a high accumulation at 100%. (B) Hits were assessed 

if at least 50% inhibition occurred. The hit distribution was illustrated in bins whose centers are indicated. 

It revealed a typical gradual HTS hit pattern from right to left. (C) The outcome of the HTS comprising 

the compound amount being screened, the hit quantity, hit rate, and quality parameters. 

100% and were not further considered. The area of interest for CCP1 inhibitors was 

below 50% because the threshold for a robust hit was set at 50% inhibition. Using this 

threshold, 730 compounds were identified and classified as primary hits. A hit 

Figure 4.7: HTS outcome and hit distribution. 
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distribution plot revealed an HTS-typical gradual potency pattern with more low 

potency and fewer highly potent compounds (Figure 4.7, B). In total, 173.184 

compounds were screened, resulting in 730 identified primary hits. The hit rate of 

0,42% was 2-4-fold higher compared to usual screens, presumably because the 

glutamate detection system contains 3 additional enzymes that the compounds could 

target as well. S/B, S/N, and Z' values of the HTS were at 26, 26, and 0,76, 

respectively, and therefore, confirmed the quality of the HTS.  
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4.4 Hit confirmation and validation 

The 730 identified primary hits were further reduced to 412 based on several features 

like multiple appearances in the library, known frequent hitters, and unwanted chemical 

structures, such as aldehydes, thio-carbonyl/-carboxyl/-urea, and heavy metals. To 

determine inhibitor potency, these hits were subjected to a dose-response CCP1 

activity assay. To exclude false-positive hits caused by the detection mix, a counter 

screen assay without CCP1 was dose-dependently conducted using glutamate as a 

substrate (Figure 4.8, A). The IC50 determination led to 344 compounds with an IC50-

value below 30 µM, including 8 compounds with an IC50 value lower than the lowest 

compound concentration tested (Figure 4.8, B, left). The following counter screening 

revealed a high number of interfering compounds, i.e., 272 active compounds had to 

be removed (Figure 4.8, B, middle), yielding 72 confirmed and validated dose-

dependent hits, of which 70% had an IC50 value below 10 µM (Figure 4.8, B, right).

   

(A) A counter screen was performed by following the detection reaction without the addition of CCP1. 

For that, 8 µM glutamate was used as substrate. The detection reaction was conducted, as previously 

described. Adapted from Promega Technical Manual for J7021/22. (B) Four hundred twelve primary hits 

were tested in 8 concentrations ranging between 30 µM and 10 nM in both the CCP1 activity (left) and 

the counter screen assay (middle). The IC50-value of each compound was determined and plotted in a 

scatter plot to survey the potency distribution. Subtracting the counter screen active compounds from 

the primary hits yielded 72 compounds with inhibitory activity against CCP1 (right).  

Figure 4.8: Potency determination and counter screen. 
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4.5 Hit verification 

4.5.1 Telokin as substrate 

The 72 confirmed and validated hits were verified using an orthogonal assay to 

demonstrate their inhibitory activity on CCP1. This orthogonal assay is supposed to 

have a different readout technology than the HTS. To this end, western blotting of 

telokin, a protein substrate of CCP1, served as an independent activity assay. The 

deglutamylation of telokin can be detected using the anti-polyE antibody that detected 

polyglutamate chains of ≥3 glutamate residues. Wildtype telokin has 8 glutamate 

residues at its C-terminus. Here, a truncated version of telokin with 3 glutamates was 

used (Figure 4.9, A). Inhibition of CCP1 activity is observed if polyE bands are still 

visible after the reaction. Each visible band was counted as a positive hit, independent 

of its intensity. Initial testing of the hits at one concentration followed by a visual 

evaluation identified 30 from 72 compounds as active against CCP1 (Figure 4.9, B). 

Because the intensity of the polyE band may not necessarily resemble compound 

potency, the 30 active compounds were tested dose-dependently between 29,9 and 

0,46 µM (Figure 4.9, C). In summary, 29 of the 30 compounds confirmed inhibitory 

activity on CCP1 with different IC50 values. Some compounds inhibited only at the 

highest concentrations, such as compound 5 and 30, while other compounds inhibited 

CCP1 at lower doses, such as compound 15 and 24. Additionally, several compounds 

showed activity at 29,9 and 15 µM. Compound 1 and 2 and compound 11 and 12 

differed clearly in band intensities. Furthermore, compound 10 inhibited CCP1 only at 

29,9 µM but not at lower doses. In contrast, compound 19, 21, and 24 showed a 

smoother dose-responsive activity what might indicate a different mode of action 

compared to the other compounds. Taken together, 14 compounds showed at least 

some inhibitory activity against CCP1, while 15 had IC50-values below 29,9 µM. For all 

further experiments, a panel of 30 compounds was used (Figure 4.9 C). 
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(A) Purified GST-Telo-3E was used to verify the previously validated hits by western blotting. To assess 

the CCP1 activity, the anti-polyE antibody was used to detect the unprocessed substrate with ≥3 

glutamate residues. Active CCP1 reduced the polyE signal, whereas CCP1 inhibition results in the 

persistence of GST-Telo-3E. (B) Seventy-two verified hits were initially tested at a concentration of 

29,9 µM. Presence of a signal illustrates the abundance of the substrate and, therefore, the inhibition of 

CCP1 by a respective compound. After visual inspection, 30 compounds were further processed in 

Figure 4.9: Hit verification with telokin as substrate in western blot. 
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dose-response experiments. Here, anti-polyE western blots are shown. As a reference, anti-GST-blots 

were conducted, too (not shown). (C) The 30 selected compounds were tested in a dose-dependent 

manner between 29,9 and 0,46 µM. All compounds except for compound 14 showed inhibitory activity 

on CCP1 (left). To evaluate compound potency, the IC50-values were determined, shown in the table 

(right). Fifteen compounds revealed promising IC50-values below 29,9 µM. The numeration of the 

compounds is arbitrary and not related to (B). In both experiments, CCP1 was either pre-treated with 

DMSO, serving as a positive control (+), or absent, serving as a negative control (-). 

4.5.2 Porcine brain tubulin as substrate 

Because tubulin is one of the main protein targets of CCP1, the inhibition of this 

reaction is of significant interest. The panel of compounds was tested for CCP1-

mediated glutamate release from highly polyglutamylated porcine brain tubulin. Loss 

of the polyE signal in immunoblot experiments leads to the identification of real CCP1 

inhibitors (Figure 4.10, A). Similar to the telokin experiments, the immunoblots with 

brain tubulin as a substrate revealed different compound potencies. For instance, 

compound 23 and 24 do not show any inhibition of CCP1, while compounds 5-8 

blocked the conversion of polyglutamylated tubulin in a dose-dependent manner, even 

in a single-digit micromolar range. Compound 21 showed a smeary band at 29,9 µM, 

which might be explained by strong tubulin-destabilizing compound effects. In general, 

the IC50-values showed that more compounds, i.e., 22, had activities of < 29,9 µM and 

that the potencies are increased compared to the telokin experiments, indicated by 

lower IC50-values. Therefore, the compounds might more potently inhibit tubulin 

deglutamylation rather than telokin deglutamylation. Alternatively, the lower tubulin 

concentration (1/10 of telokin) might be responsible for lower IC50 values in the 

presence of polyglutamylated tubulin. A Pearson's correlation analysis did not show 

any relationship between the IC50-values from the telokin and the brain tubulin 

immunoblot experiments (Figure 4.10, B, left). Because tubulin is the target of interest, 

the results derived with brain tubulin substrates are considered more valid than with 

telokin. To verify the IC50-values of the immunoblot data, brain tubulin was used as a 

substrate in the GlutamateGloTm assay, and IC50-values for the compounds were 

determined (Figure 4.10, B, middle). A counter screen assay identified false positive 

hits. IC50-values for compound 12 and 26 were comparable in the immunoblot and the 

luminescent CCP1 and counter assay, revealing non-specific inhibition by potentially 

binding to different kinds of proteins. For all hits, a Pearson's correlation analysis  
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(A) Polyglutamylated brain tubulin was used as substrate to test the panel of 30 hit compounds. The 

immunoblot membranes were probed with the polyE antibody to detect the remaining substrate after the 

reaction. The corresponding table shows the calculated IC50-values for all compounds. Compounds are 

unambiguously identified through their LDC code. Positive controls are labeled with "+", while negative 

controls are marked with "–". As a reference, α-tubulin blots were performed (not shown). The IC50-

values are the geometric mean ± SD from two independent experiments. (B) The pIC50-values of the 

telokin and the brain tubulin experiments were plotted against each other to prove a potential correlation. 

Applying Pearson's correlation revealed no correlation between both data sets (left). The CCP1 activity 

using brain tubulin as a substrate was assessed by applying the GlutamateGloTm assay, and the IC50-

values were plotted in a scatter plot. The red dots define compounds that are active in the counter assay. 

The data represent the geometric mean ± SD from two independent experiments (middle). To prove the 

correlation between western blotting and GlutamateGloTm assay data, both with brain tubulin as 

substrate, a Pearson's correlation analysis was conducted, revealing a correlation coefficient of 0,91 

(red line).  

Figure 4.10: Polyglutamylated brain tubulin as CCP1 substrate. 
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was performed to check for linear relationship between the IC50-values from the 

immunoblot and GlutamateGloTm assays. The Pearson's correlation coefficient of 0,91 

confirmed a high correlation of both data sets (Figure 4.10, B, right). Altogether, by 

applying two different assay methods, 22 compounds from a panel of 30 compounds 

were verified as CCP1 inhibitors inhibiting glutamate release from porcine brain tubulin. 

A lack of correlation between the telokin and brain tubulin substrates might be 

explained by the different concentrations of substrate used in these separate 

experiments or, alternatively, by distinct binding behavior of CCP1 to telokin compared 

with tubulin.  
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4.6 Further hit validation 

The assays described above were performed to investigate and confirm the activity of 

the hit compounds. Although inhibitory potential is important for evaluating promising 

compounds, other parameters can also help to specify compound-specific properties. 

To this end, the hit compounds were tested for permeability, solubility, and direct 

binding to CCP1. For the physicochemical evaluation, the permeability of the 

compounds was tested using a parallel artificial membrane permeability assay 

(PAMPA), employing an artificial lipid membrane. The solubility was tested in a 

solubility ranking assay (SolRank), employing HEPES buffer as the aqueous solution. 

Finally, a nano differential scanning fluorimetry assay (nanoDSF) was conducted to 

determine the compounds' binding properties to CCP1 by measuring the intrinsic 

protein UV fluorescence during a temperature-increasing setting.  

Most compounds possessed high or medium permeability in the PAMPA assay with at 

least 5% flux through the artificial membrane (Figure 4.11, A). Five compounds showed 

a very poor permeability under 5%, and 3 compounds were not detected by UV/VIS. 

The SolRank revealed a priority of soluble compounds. Similar, most of the compounds 

are permeable according to the results from the PAMPA. Most of the compounds had 

a high solubility above 120 µM (Figure 4.11, B). Only 4 compounds showed medium, 

and 1 showed poor solubility. Three compounds were not detectable, although these 

are not the undetectable ones from the PAMPA assay. LDC050778 (19) could not be 

detected in either assay, PAMPA or SolRank. LDC133925 (6) and LDC129064 (25) 

were not detected in the SolRank assay. The difference in solvents might be 

responsible for this detection issue. For the PAMPA assay, a solution of HEPES and 

methanol was used, whereas a solution of HEPES and acetonitrile was used for the 

SolRank assay. Hence, it cannot be ruled out that the compounds might interact with 

the solvent. As the third characterization method, nanoDSF experiments were used to 

monitor the direct binding capability of the hit compounds to CCP1. Indeed, several 

compounds were able to bind to CCP1, which was confirmed by a change of the 

melting temperature Tm. Nine compounds caused a thermal shift of at least 2 °C, 

indicative of clear binding to CCP1. The compounds LDC067325 (3) and LDC059856 

(17) did show shifts of 3,3 and 3,7 °C, respectively. Even though these shifts indicate 

strong binding, it is not possible to determine the molecular binding mode 
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(A) Permeability of the compounds was tested in a PAMPA assay. Therefore, the flux of each  compound 

was determined by comparing wells with and without a lipid membrane solution. The ability to pass the 

membrane was indicated by color-coding of the dots (green= ≥25 %; yellow= 5-25 %; red= ≤5 %). Three 

Figure 4.11: Physicochemical characterization of the compound panel. 
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(µM)

nanoDSF

ΔTm ( C)

1 LDC048210 28,9/>29,9 27,2 44 467 0,5 ± 0

2 LDC188898 >29,9/>29,9 28,1 33 221 2,2 ± 0,4

3 LDC067325 >29,9/>29,9 >29,9 7 347 3,3 ± 0,9

4 LDC064777 >29,9/>29,9 >29,9 65 44 0,9 ± 0,6

5 LDC043741 15,5/>29,9 14,1 1 482 1,9 ± 0,1

6 LDC133925 5,4/>29,9 5,5 52 NA 0,3 ± 0,8

7 LDC064539 5,7/>29,9 8,8 60 173 1,5 ± 0,3

8 LDC115028 8,1/>29,9 11,4 8 388 2,8 ± 0,9

9 LDC197040 5,7/>29,9 10,8 50 70 0,3 ± 0,4

10 LDC048680 30,5/>29,9 >29,9 7 478 2,9 ± 0,3

11 LDC088619 6,7/>29,9 10,7 65 204 2 ± 0,4

12 LDC041994 0,5/0,6 1,6 18 10 2,4 ± 1,1

13 LDC140360 26,5/>29,9 25,4 40 433 0,5 ± 0,6

14 LDC137832 >29,9/>29,9 >29,9 19 71 1 ± 0,5

15 LDC077879 5,9/>29,9 14,4 69 85 0,7 ± 0,6

16 LDC060167 31,2/>29,9 18,1 0 448 1,5 ± 0,6

17 LDC059856 >29,9/>29,9 23,3 6 384 3,7 ± 0,8

18 LDC185703 12,6/>29,9 13,0 NA 362 1,4 ± 0,2

19 LDC050778 >29,9/>29,9 25,2 NA NA 0,2 ± 0,2

20 LDC047649 15,5/>29,9 15,8 2 166 1,3 ± 0,6

21 LDC151135 5,8/>29,9 >29,9 15 323 2,7 ± 0,3

22 LDC185579 >29,9/>29,9 >29,9 0 448 0,7 ± 0,6

23 LDC181764 >29,9/>29,9 24,0 20 321 0,2 ± 0,8

24 LDC060023 >29,9/>29,9 >29,9 33 461 0,4 ± 0,6

25 LDC129064 10,5/>29,9 14,2 27 NA 0,5 ± 0,8

26 LDC114044 0,8/2,5 1,2 NA 284 0,2 ± 1

27 LDC046126 10,9/>29,9 23,3 63 157 0,2 ± 0,4

28 LDC000484 >29,9/>29,9 >29,9 4 457 2,6 ± 0,2

29 LDC181829 31,4/>29,9 26,7 12 379 0,2 ± 0,1

30 LDC187657 24,3/>29,9 12,1 0 422 1,2 ± 0,1
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compounds could not be determined by UV/VIS. (B) The SolRank assay was performed to check the 

solubility of the compounds in an aqueous HEPES buffer. The solubility of the compounds in 

HEPES/acetonitrile solution was used as reference. Three compounds could not be captured by UV/VIS. 

(green= ≥120 µM; yellow= 20-120 µM; red= ≤20 µM) (C) The compounds were applied in nanoDSF to 

test the binding capability to CCP1. Intrinsic CCP1 fluorescence, based on phenylalanine, tryptophan, 

and tyrosine, was measured during thermal unfolding, starting from 20°C up to 90°C. The resulting 

melting curves were used to determine the melting temperature Tm of each compound. The ΔTm shifts 

compared to DMSO treated protein are plotted. The means ± SD from two independent experiments are 

shown. (D) The table summarizes all the data for the 30 hit compounds in the PAMPA, SolRank, and 

nanoDSF assays as well as activity data from the GlutamateGloTM and western blot assays, based on 

brain tubulin as substrate. For all these assays, the order of compounds was maintained. Compound 

structures can be found in the Appendix (Supplementary data, Table 10.1, p. 146-147). NA= not 

applicable. 

of these compounds to CCP1 or which amino acids on the protein or chemical groups 

on the compound mediate the interactions. Interaction between compound and protein 

and a resulting thermal shift is not indicative for any compound activity and vice versa. 

All information for the compounds, both the activity data, based on brain tubulin as 

substrate, and the physicochemical data, were summarized in a hit list to survey the 

compound properties (Figure 4.11, D). Profiling the hits in the hit validation assays 

gives us a better understanding of the compounds´ activities. For instance, 

LDC041994 (12) and LDC114044 (26) are potent inhibitors in the activity assays as 

well as in the counter screen, indicative of non-specific binding to proteins. The 

relatively high thermal shift of 2,4 °C of LDC041994 (12) might provide further evidence 

for strong protein binding due to a reactive chemical group. In contrast, LDC114044 

(26) did not appear to cause a thermal shift despite its high activity in CCP1 activity 

assays, similar to LDC041994 (12). Therefore, it might indicate another mode of 

binding, not leading to a stabilizing effect. The opposite was observed with LDC059856 

(17) as it caused the highest measured thermal shift of 3,7°C but did not show any 

inhibitory activity in the GlutamateGloTM or western blot experiments. Presumably, this 

means that strong binding occurred without directly affecting the catalytic domain of 

CCP1. Altogether, the panel of hit compounds was examined for activity and 

physicochemical properties, revealing a spectrum of inhibition potencies, permeability, 

solubility, and stabilization events.  
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4.7 Hit ranking  

The data obtained from the panel of 30 compounds were used to reduce the number 

of compounds and narrow it down to a few promising ones. Because activity is the 

most critical factor, the compounds were prioritized according to the activity-related 

IC50-values derived from western blot assays with brain tubulin as the substrate. The 

IC50-values from the GlutamateGloTM assay served as a confirmation, and only 

compounds active in both assays remained in the pool of interesting compounds. From 

the 30 hit compounds, 12 compounds were selected (Table 4.1). The comparison 

between the chemical structures of these compounds supported the selection of 

clusters that were most promising in further studies (structures in the Appendix, 

Supplementary data, Table 10.2 , p.148). It is useful to have clusters identified because 

conserved chemical sub-structures likely carry the inhibitor-mediating pharmacophore. 

Here, 10 diverse clusters remained in the list. The compound structures were inspected 

to find characteristic chemical features (Table 4.1, comment column). Noticeably, 4 

compounds from three different clusters were shown to possess a maleimide residue: 

LDC133925 and LDC129064 from cluster 209, LDC077879 from cluster 203, and 

LDC140360 from cluster 196. Additionally, a chemoinformatic approach was applied, 

the Tanimoto index, which serves as a helpful tool to identify similar structures within 

a pool of compounds. The index converts each molecule into binary variables and 

compares the similarity between the compound of interest with the compounds to be 

tested. For each cluster from the listed compounds, the Tanimoto index was adjusted 

to a threshold of 70% similarity. The resulting number was compared to the number of 

active compounds within the Tanimoto index in the primary screen. The higher the 

ratio, the more active compounds were in the primary screen within the corresponding 

cluster and the Tanimoto index of at least 70%. Among the mentioned clusters 

containing the maleimide residue, cluster 209 showed a remarkably high ratio of 

27,3%, indicating high activity within this cluster, and thus, was taken as the cluster of 

choice. 
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Table 4.1: Hit ranking 
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4.8 Cluster testing 

Cluster 209 was investigated by identifying compounds available in the in-house 

library. Altogether, 20 compounds were subjected to the western blot assays using 

brain tubulin as a substrate. The compounds were tested in a single-dose fashion at 

30 µM, and inhibition was densitometrically determined based on the polyE signal 

(Figure 4.12). Compounds were classified as active above a value of 10% inhibition 

corresponding to a distinctly visible band on the membrane. Within this cluster, the 

inhibition covered a broad range from no inhibition up to 82% mediated by LDC051351. 
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In total, 17 out of 20 compounds revealed activity on CCP1, indicating a potent cluster. 

Compounds LDC10088 and LDC158021 were not capable of inhibiting CCP1 

efficiently. Furthermore, LDC129064 caused a smeary indistinct band, as the α-tubulin 

staining shows. The activity values do not serve as a precise parameter for ranking the 

compounds accordingly because the interpretation of single-dose data might be 

misleading. Instead, a proper and adequate ranking based on the compounds' 

IC50-values must be generated. However, the data confirmed that maleimide might be 

an attractive chemical structure for further consideration. Therefore, it is necessary to 

test more maleimide analogs, either commercially available or newly synthesized.  

 

 

 

 

 

 

 

 

 

 

 

 

Cluster 209 was tested in western blot experiments using brain tubulin as substrate and polyE as target 

antibody. The α-tubulin served as a loading control. Each compound was tested at 30 µM under the 

conditions described previously. Present bands indicate compound activity toward CCP1. The inhibition 

was determined by measuring the intensity densitometrically. 17 out of 20 compounds showed efficient 

inhibition rates above 10% up to 82%. LDC129064 possesses undefined effects leading to an 

ambiguous band of α-tubulin. The negative and positive controls are marked with "-" and "+", 

respectively. The data are the mean ± SD from two independent experiments. The blots shown here are 

taken from an extended compound testing. Compound structures can be found in the Appendix 

(Supplementary data, Table 10.3, p.9).   

Figure 4.12: Cluster testing of cluster 209.  
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4.9 Overexpression of CCP1 causes Δ2-tubulin accumulation in 

HEK293T 

In addition to the biochemical characterization of the validated hits, a cellular evaluation 

of the compounds was of interest. It was challenging to find an endogenous cell system 

allowing us to investigate CCP1 activity because in commonly used cell lines, either 

the CCP1 expression is low or the phenotype of CCP1-dependent reactions is too 

weak to be detected. Therefore, a CCP1-overexpression system in HEK293T cells was 

established. The catalytically active and dead-mutated (CCP1_H912S_E915Q) 

variants of CCP1 were transfected into the cells. The expression was monitored over 

72 h. Both transfections did not show any side effects due to the transfection process 

(Figure 4.13, A, phase contrast). Because both constructs contained an N-terminal 

EYFP, it was possible to monitor the expression, which showed an increase from 24 h 

to 72 h. Taken together, the results confirmed successful overexpression of CCP1 

without affecting cell growth. To verify the activity of CCP1, the production of Δ2-

tubulin, a well-known irreversible PTM caused primarily by CCP1, was monitored. 

Immunofluorescence experiments showed evidence that the overexpressed CCP1 

produced Δ2-tubulin, whereas the protease-dead mutant did not (Figure 4.13, B). 

Based on this clear functional activity after CCP1 overexpression, immunoblot 

experiments were performed to confirm the microscopic observations. Indeed, time-

dependent CCP1 overexpression and Δ2-tubulin generation can be detected (Figure 

4.13, C). It is noteworthy that a second lower band was observable in all samples, 

indicating an endogenous protein possessing a C-terminal Δ2-tubulin sequence (-

EEGE). The α-tubulin antibody only revealed one single band, indicating that the 

population of α-tubulins was located at the same position. Although Δ2-tubulin is 

derived only from α-tubulin, two different β-tubulin antibodies were tested to exclude 

the presence of β-tubulins. Neither of these two antibodies recognized proteins at 

~50 kDa (not shown). Hence, the identity of the protein detected at this position 

remains to be investigated. Due to the lack of reference CCP1 inhibitors, inhibition of 

CCP1 was achieved by a transient knockdown in CCP1-overexpressing HEK293T 

cells using siRNA. CCP1 siRNA reversed the accumulation of Δ2tub, indicating the 

possibility of a reversible modulation (Figure 4.13, D). Altogether, modulation of CCP1 

activity in overexpressing HEK293T cells is a useful cellular system for compound 

testing. 
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(A) HEK293 cells were transfected with plasmids encoding either for the catalytic active (CCP1) or 

inactive (CCP1_H912S_E915Q) variant of CCP1 as described. Both protein variants were fused to an 

N-terminal EYFP. Expression was followed over 72 h. The Incucyte® ZOOM System was used to obtain 

images in phase contrast and a fluorescence channel (Ex. 440-480 nm, Em. 504-544 nm). An increase 

of fluorescence is observable in both transfections over time, while the cells do not show any harmful 

effects due to the transfection or the overexpression itself. The objective was 10x. (B) After 72 h 

overexpression of either the active or inactive variant of CCP1, the cells were subjected to 

Figure 4.13: CCP1 overexpression in HEK293T cells. 



103 
 

immunofluorescence microscopy, using the inverted fluorescence microscope Marianas. The cells were 

fixed and stained with DAPI, phalloidin, and anti-Δ2-tubulin antibody. The production of Δ2-tubulin can 

be detected in the cells after transfection with the active variant of CCP1. The objective was 63x. 

(C) Expression of CCP1 and the generation of Δ2-tubulin was checked in immunoblot experiments. Over 

time, CCP1 and Δ2-tubulin accumulated in the cells. (D) The transient knockdown of CCP1 in CCP1-

overexpressing cells blocked the generation of Δ2tub nearly completely. All shown results are 

representative visualizations of the conducted experiments. 
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4.10  Activity of biochemically verified hits in CCP1-overexpressing 

HEK293T cells 

The CCP1-overexpressing HEK293T cell system was used to investigate the activity 

of the biochemically verified hits in cells. Therefore, the panel of 30 verified hits was 

added to the cells after 48 h of CCP1 overexpression. The protease-dead mutant of 

CCP1 was used as a negative control. As described above, the upper band of the 

detected Δ2-tubulin double band was the target of interest, while the lower band was 

not considered relevant. Disappearing bands indicated that such compounds have 

CCP1 inhibitory activity in the cells. LDC067325 or LDC046126 inhibited cellular CCP1 

activity without affecting cell health (Figure 4.14, A). In contrast, some compounds did 

(A) HEK293T cells were transfected with the active variant of CCP1 using the TransIT-LT1 transfection 

reagent. After an incubation time of 48 h, the cells were treated with 30 µM (3 compounds with 3 µM) of 

each compound for 24 h and then subjected to immunoblot experiments using the Δ2-tubulin antibody. 

A disappearing band for Δ2-tubulin indicates CCP1 inhibition. Some compounds seem to act toxic on 

the cells. α-tubulin served as a loading control and the inactive variant of CCP1 as a negative control 

(marked as dCCP1=dead CCP1). The DMSO treated samples represent positive and negative control. 

(B) The immunoblot experiments were quantified by densitometry, and the data were plotted as residual 

activity % (left). The values were summarized in the table on the right. Compounds were classified as 

active below 80%, independent if they seemed toxic, resulting in 8 active compounds (red). The data 

are the means of 6 independent experiments. 

Figure 4.14: Validated hits on CCP1-overexpressing HEK293T cells. 
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show toxic effects like LDC041944, LDC088619, or LDC188898. The challenge for 

understanding these compounds was to elaborate whether the compounds showed a 

toxic or cell growth-inhibiting effect or if the compounds' activity was covered by 

toxicity. For ease of interpretation, the focus was solely on the Δ2-tubulin intensity that 

was quantified by densitometry and visualized as % residual activity (Figure 4.14, B). 

Setting the threshold at 80% led to the removal of 22 compounds. Eight compounds 

remained as potential cellular inhibitors (Figure 4.14, C, labeled in red). Notably, the 

CCP1 overexpression led to high amounts of CCP1, as shown before (Figure 4.13, C). 

Potentially weaker inhibitors cannot be detected in such a system. The compounds 

tested represent primary hits derived from the in-house screen, i.e., these compounds 

were not chemically improved to inhibit CCP1 in a cellular content. Protein binding, 

poor solubility, or permeability might still hide an on-target effect of the hit compound 

in a cellular assay. Taking the biochemical data from the 8 compounds with apparent 

cellular activity into account, it appears that only 2 compounds from the biochemical 

hit list showed activity (Table 4.1). LDC067325, LDC188898, LDC06477, LDC140360, 

and LDC181764 are either inactive or poorly active in the biochemical assays (Figure 

4.11). However, LDC067325, LDC188898, LDC06477, LDC088619, and LDC041994 

showed high melting temperature shifts of at least 2°C what might indicate good 

binding properties to CCP1 but potentially also to other proteins. In the case of 

LDC188898, LDC088619, and LDC041994, such unspecific binding led to increased 

cell death which is indicated by the missing bands on the α-tubulin blot (Figure 4.14, A). 

Cell toxicity was confirmed by visual inspection. To sum up, both the biochemical 

activity and the physicochemical data should be evaluated as a whole to identify potent 

inhibitors, and interpretation of cellular data with biochemical characterized 

compounds can be challenging. The compounds need to be improved and optimized 

before they specifically inhibit CCP1 in cells.  

  



106 
 

4.11 CTG® assay reveals toxic compounds from biochemically 

verified hit panel  

Cellular toxicity might be a reason for the decreased levels of the Δ2-tubulin level in 

the previous immunoblot experiments (Figure 4.15). Therefore, a CellTiter Glo® assay 

was performed to determine the cell growth-inhibiting or toxic potency of the 

compounds from the hit panel (Figure 4.11). Almost half of the compounds, i.e., 16, 

had high IC50-values above 20 µM, while 14 compounds revealed  

(A) HEK293T cells were transfected with the active variant of CCP1 using the TransIT-LT1 transfection 

reagent for 48 h and then treated with increasing concentrations of each compound for 24 h. The CTG® 

assay was used, and the IC50-values for the compounds were determined. Almost half of the compounds 

show cell viability-reducing effects with IC50-values of 10 µM and lower. Red labeled compounds in the 

table showed inhibitory effects in the previous immunoblot experiments. The data are the geometric 

means ± SD from two independent experiments. (B) The compounds LDC067325 and LDC046126 were 

selected as potential cellular CCP1 inhibitors while not affecting cell viability. Shown are the structures. 

Red= oxygen, blue= nitrogen, yellow= sulfur. (C) The potency of LDC067325 and LDC046126 were 

evaluated by treating CCP1-overexpressing HEK293T cells with increasing concentrations of the 

compounds. Immunoblot experiments were conducted using Δ2-tubulin and α-tubulin antibodies. A 

representative immunoblot is shown. The membranes were quantified by densitometry, and the data 

were plotted against the compound concentrations. Both compounds show dose-dependent activity 

against CCP1 with IC50-values of 1,66 µM for LDC067325 (blue) and 9,79 µM for LDC046126 (red). The 

data were normalized to the lowest concentration of 0,1 µM and are means ± SD of two independent 

experiments.  

Figure 4.15: Cell viability test of verified hits on CCP1-overexpressing HEK293T cells. 
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values below 10 µM (Figure 4.15, A). Strikingly, LDC188898, LDC088619, and 

LDC041994 were the most potent compounds in the cell viability assay with IC50-

values of 1,2, 1,9, and 2,8 µM, respectively, confirming the assumption that these 

compounds were highly harmful to the cells. Likewise, LDC181764, LDC064777, and 

LDC140860 did show relatively low IC50-values of 4,3, 8,3, and 8,9 µM, respectively. 

From the 8 compounds reducing the Δ2-tubulin signal, only LDC046126 exhibited a 

higher value of 23,7 µM in the CTG® assay. For LDC067325, an IC50-value for the 

CTG® assay could not be determined at the tested concentration range. Excluding the 

cell growth-inhibiting/toxic compounds, LDC046126 and LDC067325 were the 

compounds of choice for re-testing of CCP1 inhibition in a dose-response experiment 

(Figure 4.15, B). Immunoblot experiments revealed dose-response curves for both 

compounds with IC50-values of 1,66 µM for LDC067325 and 9,79 µM for LDC046126 

(Figure 4.15, C). The former had a much steeper curve than the latter, indicating a 

different mode of action. Notably, these compounds showed mediocre inhibition of 

CCP1 in biochemical activity assays raising the question about the compounds' actual 

effect within cells. The cellular IC50-value of LDC046126 is comparable with that in 

biochemical experiments (Table 4.1), which might be explained by the compound's 

high cell permeability and solubility. Additionally, the reaction conditions, including the 

amount of CCP1 and substrates within cells, differ significantly from those in 

biochemical experiments. Thus, a comparison cannot be drawn. Arguably, a switch 

from biochemical to cellular systems should shift the IC50 values toward higher values. 

These factors also apply to LDC067325. However, the discrepancy between 

biochemical and cellular data for LDC067325 is much higher. Off-target effects might 

cause such discrepancies. For instance, the Tm shift of 3,3°C of LDC067325 could 

indicate general and unspecific binding to other cellular components (Figure 4.11). 

However, the compounds were derived from a biochemical HTS, meaning that 

inhibitory effects toward CCP1 have already been shown previously. Overall, 

LDC067325 and particularly LDC046126 remain promising compounds to be 

investigated in more detail.  
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4.12 Δ2tub generation in HT22 and SH-SY5Y cells by taxol 

treatment 

LDC067325 and LDC046126 were tested in a transient overexpression system that 

could lead to misinterpretation of the actual compound effects due to the highly time-

dependent excessive amount of protein. A cellular system with endogenous levels of 

CCP1 is more appropriate for compound testing. Due to the lack of primary neurons to 

serve as a cell model for CCP1 studies, the murine hippocampal neuronal cell line 

HT22 and the human neuroblastoma cell line SH-SY5Y were the systems of choice. 

Although both are neuron-like cell lines, they lack some features of neurons, such as 

the presence of Δ2tub, which is characteristic of stable microtubules in the axons of 

neurons. Following the hypothesis that stable microtubules have Δ2tub, the cells were 

treated with the microtubule-stabilizing agent taxol for 24 h. Indeed, both cell lines 

accumulated high levels of Δ2tub dose-dependently after 24 h exposure (Figure 4.16, 

A). A possible explanation for the increase of deglutamylated polymerized tubulin vs. 

soluble tubulin may be a potentially increased accessibility of the polymerized tubulin 

form to CCP1. The fast turnover cycle of tubulin in cells avoids the generation of Δ2tub 

of microtubules, whereas taxol prevents these dynamics, leading to longer-lived 

microtubules, which may be better substrates for CCP1. Short taxol exposure for just 

a few hours did not result in a clear increase of Δ2tub. Since taxol acts very fast, and 

polymerization occurs within minutes after exposure, it is not a taxol-mediated effect. 

Hence, the enzyme activity of CCP1 (or other CCPs) might be relatively slow, and 

therefore, the generation of Δ2tub takes time. It has to be acknowledged that CCP1 

likely competes with other enzymes, such as TTL, which adds tyrosine to the 

detyrosinated C-terminus of α-tubulin and prevents further cleavage by CCP1, albeit 

TTL acts preferably on soluble tubulin. The slow deglutamylating process may also be 

cell cycle-dependent, which could fit with the 24 h time window. Especially in mitosis, 

stable microtubules are crucial for proper chromosome segregation, suggesting that 

the appearance of Δ2tub might be higher at this stage of the cell cycle. However, there 

is no evidence for increased CCP1 levels during mitosis. Moreover, Δ2tub is almost 

not existent in cycling cells. Accordingly, a cell-cycle release experiment was 

performed using the CDK1 inhibitor RO-3306 to arrest the cells in the late G2-phase. 

Within 2 hours after release, the Δ2tub signal was not increased (not shown). Overall, 

the generation of Δ2tub might be a relatively slow process that is highly dependent 

 



109 
 

(A) HT22 (top) and SH-SY5Y (low) cells were treated with 0,5, 1, and 2 µM of taxol for 24 h. Immunoblot 

samples were generated after 3 h, 6 h, and 24 h treatment. Δ2-tubulin signals appeared dose-

dependently in the 24 h samples. In HT22 cells, an unknown second lower band has always been 

present in the samples. The upper band of interest was confirmed by overlaying with the α-tubulin band 

(not shown). α-tubulin served as a loading control and reference to normalize the Δ2-tubulin signal for 

the densitometry analysis (right). (B) The cells were pre-treated with either LDC067325 (30 µM) or 

LDC046126 (30 µM) for 1 h before exposed to Taxol (1 µM) for 24 h. Lysates were prepared and 

subjected to immunoblotting using Δ2tub and α-tubulin antibodies. Neither of the compounds was 

capable of modulating Δ2tub levels. Two-way ANOVA: *: p< 0,0332, **: p< 0,0021, ***: p< 0,0002.  

on the polymerization state of tubulin. As described in HEK293T cells, the second lower 

band on the HT22 blots remained unidentified. 

LDC067325 and LDC046126 were tested on HT22 and SH-SY5Y cells during taxol 

treatment. Neither one of these compounds inhibited the generation of the Δ2tub 

signal, leaving this cell model not suitable for testing CCP1 inhibitors (Figure 4.16, B). 

Although CCP1 is the major isoform in generating Δ2tub, it cannot be excluded that 

other CCPs like CCP2, 3, 4, and 6 are responsible for the deglutamylation of 

Figure 4.16: Taxol treatment of HT22 and SH-SY5Y leads to Δ2-tubulin accumulation. 
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polymerized tubulin in these taxol-treated cells cell lines. A pilot experiment using 

CCP1 siRNA also did not produce lower Δ2tub levels after taxol treatment. In summary, 

the previous identified cellular activity of LDC067325 and LDC046126 against CCP1 

has to be further confirmed by other orthogonal cellular formats, preferably using 

primary neurons. 
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5 Discussion 

CCP1 production and activity 

The basis of the biochemical HTS was a murine CCP1. Attempts were made to 

produce and purify different constructs of human and murine CCP1 proteins on a 

medium-scale, meaning cell culture volumes of several liters and final protein yields of 

several milligrams. The expression level and catalytic activity of murine CCP1 proved 

to be much higher than the human counterpart. Therefore, the murine CCP1 was the 

protein of choice for the planned experiments and the HTS. The DPF conducted the 

expression in insect cells because bacterial expression was not successful. Consistent 

with other published results for CCPs, particularly CCP1, insect cells are the preferred 

expression system for these proteins (Wu et al., 2012; Wu et al., 2015). While High 

FiveTM cells provided better results, SF9 cells also proved to be a suitable host for the 

production of CCP1 (Berezniuk et al., 2012). Gel electrophoresis of the expression test 

revealed additional prominent lower molecular weight bands indicating impurities or 

potentially isoforms of CCP1, possibly resulting from alternative splicing. Indeed, these 

shorter CCP1 forms have been confirmed by others working on the expression of 

CCP1 in cellular overexpression systems (Rogowski et al., 2010) or on biochemical 

purification approaches (Wu et al., 2012; Berezniuk et al., 2013). These lower-

molecular-weight bands have also been detected in cerebellar lysates of wild-type but 

not CCP1-lacking mice (pcd3J mice), providing reasons to assume the existence of 

various CCP1 transcripts (Wu et al., 2012). Whether these isoforms are enzymatically 

active or contribute to cellularly relevant processes has yet to be determined.  

CCP1 activity was confirmed using telokin-3E as a substrate. Although immunoblotting 

has been used as readout to detect CCP1 activity, this is not an HTS method. The 

development of a suitable assay proved difficult since there were no published reports 

or HTS campaigns for CCPs. Usually, enzyme reactions were performed using 

ninhydrin-CdCl2 reagent (Doi et al., 1981; Wu et al., 2015) or mass spectrometry for 

detection (Berezniuk et al., 2012; Wu et al., 2012; Berezniuk et al., 2013). Attempts to 

establish an HTRF assay format using ∆2tub- or polyE-antibodies failed, most probably 

because the antibodies are not monoclonal as required for this kind of assay.  

Additionally, the need to use micromolar amounts of substrate did not allow a 

successful implementation of an HTRF assay without post-reaction dilution steps. 

Therefore, we decided to detect the released glutamate by applying the luminescent 
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GlutamateGloTM assay. This assay allowed us to detect the CCP1 activity in a 

homogenous fashion. Because the GlutamateGloTM assay uses a cascade of enzymes 

for glutamate detection, it acts as an indirectly coupled reaction system, meaning there 

is a dependency of the detection reaction mediated by the GlutamateGloTM on CCP1 

activity. Coupled reactions are usually used for HTS substrates or products that cannot 

be detected otherwise. A typical example is the detection of NAD+ by re-conversion to 

NADH that can then be measured at 340 nm (Rost, 1995). More sensitive and robust 

assays measure the re-conversion of NADH using fluorescence (Cho et al., 2018) or 

luminescence techniques (Preter et al., 2016). The relation of both reaction's velocities, 

the reaction of interest and the detection reaction, is crucial for the success of these 

assays. Thus, we had to ensure that the reaction rate of the target enzyme was the 

rate-limiting factor. Usually, commercially available detection kits contain excessive 

amounts of the detection components, providing a fast detection reaction. However, 

the initiation of the reaction will result in a lag-phase in kinetic experiments. This is 

caused by the necessary time of the target enzyme to generate the substrate for the 

coupled reaction. Indeed, our experiments showed a certain lag-phase of several 

minutes before a constant conversion rate was observed. For the measurement of the 

velocity of the target enzyme-mediated reaction, we measured the actual steady-state 

velocity after the lag-phase. Simultaneously, we observed a prolonged lag-phase for 

the entire reaction compared to the reaction with detection mix only, indicating CCP1 

acting as the rate-limiting factor. 

Especially for biochemical HTS, it is crucial to develop the conditions for a high-quality 

screening accurately. Thus, it is mandatory to obtain as much data as possible for the 

enzyme of choice and characterize it by conducting a Michaelis-Menten-Kinetic 

(MMK). These preparatory measures facilitate the determination of adequate amounts 

of necessary reactants for an optimal HTS outcome. 

In particular, the selected substrate concentration plays a significant role as it might 

also influence the inhibitory potency, depending on the type of inhibition. Generally, 

there are three different types of inhibitors: competitive, uncompetitive, and non-

competitive. While competitive inhibitors are affected by the substrate concentration in 

the reaction mix because they compete with the substrate at the active site, 

uncompetitive inhibitors bind to the substrate-enzyme complex. In contrast, non-

competitive inhibitors bind solely to the enzyme and are only affected by the enzyme 
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concentration. Related to the inhibitor activity, the IC50 values of competitive inhibitors 

increase with more substrate, while for uncompetitive inhibitors, IC50s are decreasing. 

Non-competitive inhibitors are not affected at all by the variable substrate amounts. If 

there is no clear preference for a specific type of inhibitor, it is advisable to conduct the 

screening around the Km value of the substrate (Macarrón & Hertzberg, 2009). At this 

point, both competitive and uncompetitive inhibitor types can be identified to the same 

extent. The reaction conditions are a compromise between the amount of substrate as 

well as enzyme, the signal intensity, signal-to-background, and signal-to-noise. 

Because we had no preference for any inhibitor type, the substrate concentration was 

fixed at the Km value, determined in the MMK. Initially, different telokin proteins were 

tested to determine the enzymatic properties of CCP1. Reaching saturation of 

substrate was challenging due to the need of high protein concentrations. To ensure 

the best possible characterization, we switched to peptide substrates to use pure 

substrate in high quantities to conduct an MMK. The data obtained were consistent 

with previous reports and confirmed high activity levels toward molecules with 

consecutive glutamate residues (Wu et al., 2012; Berezniuk et al., 2013; Wu et al., 

2015). Peptide substrates possessing 1, 2, or 3 consecutive glutamate residues at the 

C-terminal end were tested and showed varying kinetic properties. Km and kcat and their 

ratio values were higher for the peptide with three glutamate residues than with a C-

terminus containing two glutamates. There are no published data for comparison since 

there are only two research groups, the Morgan and Fricker labs, that investigate the 

biochemical and enzymatic parameters of CCPs. Morgan's group has conducted 

peptide-based characterization experiments for CCP1 indicating lower Km and higher 

kcat values for 3E-peptides than 2E-peptides (Wu et al., 2012). Potentially, a shift in 

catalytic efficiency may occur depending on the length of the glutamate tails of the 

substrates. Apparently, the catalytic conversion of 3E-substrates is the most efficient 

reaction. Evidence is provided through experiments monitoring the kinetic appearance 

of products and intermediates during the CCP1 reaction. The 2E-peptide intermediate 

accumulated during the reaction of CCP1 with a 3E-peptide as determined by mass 

spectrometry (Wu et al., 2012). This result was further confirmed by similar in-house 

experiments. Although the kinetic data for substrates with at least two glutamate 

residues are in good agreement with published data, the generation of the recently 

discovered Δ3tub is still inconclusive. The initial hypothesis that this form of α-tubulin 

is present only on protein substrates, in particular, α-tubulin, (Berezniuk et al., 2012; 
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Aillaud et al., 2016) and not on peptides (Wu et al., 2012) has been invalidated because 

the α-tubulin mimicking peptide Biotin-3EGEE was truncated to Biotin-3EG by CCP1 

(Wu et al., 2015). Although we used the same Biotin-3EGEE peptide, this result was 

not confirmed by the GlutamateGloTM assay or in-house mass spectrometry 

experiments. 

Reference compounds  

To establish assay conditions that allow the identification of modulators, inhibitory 

compounds were used. There were no known reference compounds. Therefore, we 

tested several matrix metalloprotease and proteasome inhibitors, specifically 

carboxypeptidase inhibitors and the proteinaceous inhibitor potato carboxypeptidase 

inhibitor (PCI). Indeed, among the matrix metalloprotease and proteasome inhibitors, 

we identified celastrol and tanomastat as CCP1 inhibitors. Both compounds have been 

known for decades to inhibit the proteasome and matrix metalloproteases. Celastrol is 

a natural compound from the thunder god vine and has multiple pleiotropic 

pharmacological effects useful for various applications. For example, it might exert 

effects as a chemosensitizer in cancer models (Amirruddin et al., 2018) and induce 

weight loss via several pathways in obesity models (Pfuhlmann et al., 2018). 

Tanomastat is a matrix metalloprotease inhibitor with antiangiogenic and 

antimetastatic properties. Tanomastat failed in clinical phase III trials because of 

adverse side effects (Hirte et al., 2006). The non-specific metallopeptidase inhibitor 

1,10-Phenanthroline is frequently used to inhibit CCP1 in all different kinds of 

experiments, yet high micromolar concentrations are needed (Berezniuk et al., 2012; 

Tanco et al., 2015; Wu et al., 2017). Additionally, PCI, a universal M14 

carboxypeptidase inhibitor, was determined to be inactive on CCP1. Interestingly, 

other M14 inhibitors also appeared not to be active on CCP1. The closest homolog to 

CCP1 within the M14 family is carboxypeptidase O (CPO) that cleaves acidic amino 

acids from substrates (Lyons & Fricker, 2011). Citrate and succinate can inhibit CPO, 

although, at millimolar ranges, CCP1 is not affected by those (Berezniuk et al., 2012; 

Wang et al., 2020).  

Furthermore, 2-MMPA and ZJ-43 were chosen for testing because they specifically 

inhibit the glutamate carboxypeptidase II and III (GCPII/III) with IC50-values in the low 

nanomolar range (Majer et al., 2003; Olszewski et al., 2004). Although both GCP II/III 

and CCP1 cleave glutamate from the C-terminus of a substrate, they have enzymatic, 
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mechanical, and structural differences. Therefore, it was not a surprise that 2-MPPA 

and ZJ-43 did not inhibit the CCP1 activity. Interestingly, a highly potent GCP II 

inhibitor, 2-PMPA (Ki-value=275 pM), was shown to inhibit CCP1 with an IC50-value of 

1 µM and 210 µM in peptide-based and purified brain tubulin-based reactions, 

respectively (Wang et al., 2020). The docking model of the R-enantiomer of 2-PMPA 

with the active site of CCP1 revealed an interaction between the phosphonate group 

of 2-PMPA and the zinc ion, Arg962 and Arg972 (Harris et al., 2000; Wang et al., 2006). 

It is not surprising that the phosphonate group binds to the active site of CCP1. 

Phosphonates are well-known chemical groups that target zinc moieties and acting as 

competitive binders in the catalytic center of enzymes (Ondetti et al., 1979; Kim & 

Lipscomb, 1991). Besides the example provided here, other zinc-binding moieties 

exist, such as carboxylates, hydroxamates, and phosphinates. The latter binds very 

efficiently to the zinc ion of metallocarboxypeptidases by acting as pseudopeptides and 

forming transition-phase intermediates (Georgiadis & Dive, 2015). Phosphor-

containing groups are frequently found as functional groups in zinc-binding enzymes. 

One of the most potent carboxypeptidase A inhibitors with a Ki of 1 pM was created by 

introducing a phosphonate group (Hanson et al., 1989). Along with HTS, this potential 

rational approach serves as a promising starting point for further chemical compound 

optimization.  

Compound profiling 

The HTS delivered more than 700 primary hits, which were evaluated step by step. 

Starting with chemical filtering, i.e., removing reactive compounds comprised of 

aldehydes, thio-carbonyl/-carboxyl/-urea, and heavy metals, the selection process was 

continued by removing so-called Pan-assay interference compounds (PAINS). PAINS 

are compounds that repeatedly appear in screening campaigns because of their 

pharmacological promiscuity. They have functional groups that can non-specifically 

interact with many proteins and thereby bluff activity. These compounds deserve the 

name “PAINS” because most of them may survive continuous biochemical and cellular 

evaluation attempts without leading to a final positive outcome (Baell & Walters, 2014; 

Baell & Nissink, 2018). Typical representatives are isothiazolones, curcumins, 

hydroxyphenyl hydrazones, and quinones/catechols. The compounds within these 

classes are not necessarily poor choices for further optimization, but such optimization 
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becomes tedious and the success rate of fruitful optimization of PAINS is low. In the 

CCP1 HTS, many hits in the activity bin near 4% appeared to be quinone compounds.  

Frequent hitters were removed from the list of primary hits, resulting in 344 compounds. 

Those were validated in a counter screen assay to exclude false-positive hits. For 

coupled enzyme assays that contain several enzymes or components (e.g., the 

GlutamateGloTM assay), it is advisable to conduct a counter screen by testing the 

compounds with the plain detection reagent. False-positive hits might arise from 

binding to proteins in the detection reagent. Here, the detection reagent contains three 

different enzymes with NAD, pro-luciferin, and luciferin as additional components. A hit 

rate of 0,42% is a high rate, presumably due to false positives. Due to the need to 

confirm and validate compound activity, the potency and the counter screen assay 

were combined to generate dose-response curves for all 344 HTS hits. This exercise 

reduced the number of primary hits to 72 active dose-responding compounds resulting 

in a hit rate of 0,042%. Hit verification was done with immunoblot experiments that led 

to a further reduction of hits, presumably also due to the switch from a peptide to a 

protein substrate.  

The use of new proteins could result in nonspecific protein binding of the compounds. 

Although it cannot be entirely excluded, this possibility is unlikely because the counter 

screen assay should have removed false binding compounds. Another explanation 

would be the changed enzyme-to-substrate ratio in the peptide- and protein-based 

assays what might reduce the confirmation rate of hits between these two assays. 

While the enzyme-to-peptide substrate ratio was almost 1000, the enzyme-to-protein 

substrate ratio was 30 for telokin and 4 for brain tubulin. The same shift in the enzyme-

to-substrate ratio was reported by Wang et al. when testing 2-PMPA as a CCP1 

inhibitor (Wang et al., 2020). Overall, the underlying reasons for the reduction of the 

number of hits remained unclear, although normal in hit triage. The change of substrate 

in any assay can cause huge differences, as seen for the compounds LDC041994 and 

LDC114044 (Figure 4.9, Figure 4.10). The use of brain tubulin as substrate resulted in 

a strong increase in potency for these compounds, confirmed by immunoblot 

experiments and the GlutamateGloTM assay (Figure 4.10). It is reasonable to consider 

the compounds to be strong tubulin binders due to such potency increase.  

The assay cascade starting from HTS to the confirmation, validation, and verification 

assays serves as a funnel for filtering compounds to identify distinct clusters or 

compounds, which can then be further optimized by medicinal chemistry. In our case, 
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no cluster could be identified since most of the hits were singletons. To confirm the 

singletons, compound characterization was expanded through biophysical 

experiments to confirm direct binding to CCP1. In particular, the nanoDSF assay might 

provide evidence for compound binding to CCP1. The outcome of such thermal shift 

assays should not be considered a knock-out parameter. Moreover, such results are 

supportive information for proper compound characterization. As such, compound 

binding does not imply target inhibition. Therefore, a thermal shift result induced by a 

compound is not a definitive parameter, especially when investigating primary hits. The 

hit ranking (Table 4.1) revealed some compounds like LDC064539, LDC088619, 

LDC115028, and LDC043741 that showed activity and a thermal shift of at least 1,5°C. 

These are considered validated inhibitors.  

Evaluating the active inhibitors based on chemical structures, we identified maleimides 

as a motif. The verified hits showed a broad range of inhibition. To clarify a precise 

structure-activity-relationship (SAR), more compounds from the same series with 

different inhibitory potential have to be identified. Medicinal chemistry-based analogs 

on all available hits revealed terminal located maleimides with aromatic residues to 

likely inhibit CCP1. In contrast, aliphatic maleimides tend not to inhibit. In general, 

maleimides are common chemical group facilitating coupling reactions for conjugation 

purposes (Young et al., 2018). They usually bind to thiol groups of free cysteines. 

Because of their high reactivity, maleimides are employed for click reaction chemistries 

like bioconjugation of antibody-drug conjugates (ADCs) (Christie et al., 2015; Ravasco 

et al., 2019). In cellular environments, maleimides might undergo hydrolysis through a 

ring-opening event, leading to maleic amides, which become incapable of binding to 

thiols. This issue is well-known, and many approaches are being tested to overcome 

this issue, especially for enhancing the stability of ADCs (Baldwin & Kiick, 2011; Lyon 

et al., 2014; Szijj et al., 2018). 

Regarding inhibitors, maleimides have been employed as interesting moieties for 

decades because they inhibit erythrocyte glucose-6-phosphate dehydrogenase, 

glycogen synthase kinase-3, and topoisomerase II (Deutsch, 1978; Jensen et al., 

2002; Gunosewoyo et al., 2013; Yang et al., 2018). Assuming maleimides bind to 

cysteine residues of CCP1, we looked for cysteines in the active site of CCP1. Indeed, 

we identified three relevant residues that could be targeted (C879, C963, and C1022). 

Proper structure modeling and virtual docking should be conducted to confirm potential 
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binding events. An experimental approach to verify cysteine binding would be the 

successive generation of different cysteine mutations of CCP1. By that, the essential 

cysteine might be identified. The hypothesis that maleimides bind to CCP1 could be 

tested by mass spectrometry analysis and activity wash-out experiments. For both 

experiments, CCP1 and compounds are incubated before the compounds are 

removed through buffer exchange columns. Specific binding to certain cysteines might 

be investigated by introducing dithiothreitol (DTT) or β-mercaptoethanol to the reaction, 

which competes with thiols from CCP1 and reverses the compound activity. Altogether, 

this maleimide cluster can be considered as a promising starting point for further 

chemical optimization.  

Cellular hit evaluation 

The panel of 30 verified hits was subjected to further experiments to monitor the cellular 

activity for any hit. The retro-Michael hydrolysis of maleimides most likely causes a 

lack of inhibition of maleimide compounds in CCP1-overexpressing HEK293T cells. 

Chemical optimization is therefore needed to improve the maleimide hits. In contrast, 

LDC067325 and LDC046146 showed promising activity. Although LDC067325 reveals 

a steep dose-response curve suggesting some secondary effects, it might be a potent 

inhibitor. A reason for the steep dose-response curve could be the formation of colloidal 

compound aggregates that inhibit CCP1 rather than the compound alone (Shoichet, 

2006; Ganesh et al., 2018). Considering the high thermal shift of 3,3°C in the nanoDSF 

assay, off-target effects cannot be excluded. For both compounds, CTG® assays did 

not show significant toxicity, indicating inhibition of CCP1. However, at high doses, 

some toxic effects were shown by the slightly reduced α-tubulin band. To verify such 

inhibition, the compounds were subjected to initial immunofluorescence experiments 

to inspect Δ2-tub at a single-cell level. Indeed, the reduced signal of Δ2tub was 

observed, even though low levels of toxicity were recognized based on the cells' 

morphology (not shown). The final verification in cells expressing endogenous CCP1 

failed, probably due to the lack of CCP1 expression in HT22 and SH-SY5Y cells. Both 

cell lines are established cell models for neuron-like cells. However, characteristic 

properties of real neurons are often missing in these cell lines. Differentiating HT22 

and SH-SY5Y into neuron-like cells would partially solve this issue. (Liu et al., 2009; 

He et al., 2013; Acker & Auld, 2014).  
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Taxol treatment showed that hyperstabilized microtubules possess Δ2tub as a 

prominent form, which agrees with previous reports (Paturle-Lafanechère et al., 1991; 

Paturle-Lafanechère et al., 1994). Better accessibility of polymerized tubulin to CCP1 

compared to soluble tubulin might explain these results. The fast turnover cycle of 

tubulin in the cell inhibits the generation of Δ2tub on microtubules. However, taxol 

prevents these dynamic events, leading to longer-lived microtubules, thereby providing 

a better substrate for CCP1. Taxol treatments shorter than 24h did not result in an 

increase of Δ2tub, which could be attributed to two factors. First, taxol use excludes a 

time-relevant factor because it acts very fast, and polymerization occurs within minutes 

after exposure (Díaz et al., 2003; Castle et al., 2017). Hence, the enzymatic activity of 

CCP1 might be relatively slow so that the process of generating Δ2tub takes time. At 

the same time, CCP1 may compete with other enzymes like TTL, which adds tyrosine 

to the detyrosinated C-terminus of α-tubulin and prevents further cleavage by CCP1. 

Albeit TTL acts preferably on soluble tubulin. The second possibility is cell cycle-related 

and is consistent with the 24 h time window. Especially in mitosis, the necessity of 

stable microtubules is crucial for proper chromosome segregation so that the 

appearance of Δ2tub might be higher at this stage of the cell cycle. However, there is 

no evidence of increased CCP1 levels in mitosis, i.e., at this time, no reports exist of 

significant levels of Δ2tub in cycling cells. Accordingly, a release experiment was 

performed using the Cdk1 inhibitor RO-3306 to arrest the cells in the late G2-phase. 

Within 2 hours after release, no Δ2tub signal was detected (not shown). Overall, results 

suggest that the generation of Δ2tub is a relatively slow process and highly dependent 

on the polymerization state of tubulin. In contrast, glutamylation and (de-)tyronisation 

have been thoroughly investigated over the past decades and are well-known features, 

which vary particularly during mitosis of cycling cells. (Gundersen et al., 1984; 

Bobinnec et al., 1998; Regnard et al., 1999; Barisic et al., 2015; Ferreira et al., 2019; 

Ferreira et al., 2020). Because the abundance of Δ2tub is limited, a cell model with 

endogenous CCP1 activity for compound testing is still challenging to find if primary 

neurons are not available. However, establishing TTL knockout cells might circumvent 

the necessity of CCP1 overexpression. Clinical data have shown that breast cancer 

tissue and neuroblastoma cells have high levels of detyronisated tubulin and Δ2tub 

due to low TTL levels (Mialhe et al., 2001; Kato et al., 2004). Knock-out experiments 

in NIH-3T3 cells (Lafanechère et al., 1998) and initial in-house experiments confirmed 

a high accumulation of Δ2tub if TTL is depleted (not shown). Altogether, activity 
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evaluation of LDC067325 and LDC046126 in further suitable cell systems has to be 

done.  

6 Conclusion and outlook 

The High-Throughput Screening and the subsequent experiments to confirm hits led 

to a pool of chemically diverse compounds that inhibit CCP1 in a dose-dependent 

manner. The outstanding appearance of the maleimide group-containing compounds 

in this compound pool suggests a reasonable starting point for a chemical optimization 

approach to improve potency and biophysical properties. A rational approach to 

support the hit expansion step could be the use of the inhibitors identified in this study 

and those recently identified by others. Additionally, cellular active compounds, 

LDC046126 and LDC067325, should be precisely described to verify their activity in 

endogenous cell models and elaborate their mode of action. Biochemically and 

cellularly active compounds might then be further profiled according to isoform 

specificity and in vivo activity in respective CCP1-knockout mouse models.  
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10 Appendix 

10.1 Supplementary data 

Table 10.1: verified hit panel of 30 compounds 

 
ID Compound Structure SMILES IUPAC Trivial Name

LDC000484

OC(=O)C1NC2=C(C=CC=C2C(O)

=O)C2C(Cl)C(CC12)SC1=CC=CC

=C1N(=O)=O

1-chloro-2-(2-

nitrophenyl)sulfanyl-

2,3,3a,4,5,9b-hexahydro-1H-

cyclopenta[c]quinoline-4,6-

dicarboxylic acid

LDC041994

COC1=CC=C2C(C=[N+](C)C3=C2

C=CC2=C3C=C3OCOC3=C2)=C1

OC

1,2-dimethoxy-12-methyl-

[1,3]benzodioxolo[5,6-

c]phenanthridin-12-ium

Chelerythrine

LDC043741 NC1=CC=C(O)C(=C1)C(O)=O
5-amino-2-hydroxy-benzoic 

acid

Mesalazine;Mesala

mine;"5-

Aminosalicylic acid"

LDC046126

CN1C(C)=NC=C1CN(CCCC1=CC

=C(C=C1)C1=CC=CC=C1C(N)=O

)C1=CC=C(C=C1)C#N

2-[4-[3-[4-cyano-N-[(2,3-

dimethylimidazol-4-

yl)methyl]anilino]propyl]phenyl]

benzamide

LDC047649

COC1=C(C=CC(CCCN(CC2=CN=

CN2C)C2=CC(OC3CNC3)=C(C=C

2)C#N)=C1)C1=CC=CC=C1S(N)(

=O)=O

2-[4-[3-[3-(azetidin-3-yloxy)-4-

cyano-N-[(3-methylimidazol-4-

yl)methyl]anilino]propyl]-2-

methoxy-

phenyl]benzenesulfonamide

LDC048210
O=C1N(CN2CCC(CC3=CC=CC=

C3)CC2)SC2=C1C=CC=C2

2-[(4-benzyl-1-

piperidyl)methyl]-1,2-

benzothiazol-3-one

LDC048680
CCN(CC)C(=O)C(=C\C1=CC(=C(

O)C(O)=C1)N(=O)=O)\C#N

(E)-2-cyano-3-(3,4-dihydroxy-

5-nitro-phenyl)-N,N-diethyl-

prop-2-enamide

Entacapone

LDC050778
ClC1=CC(Cl)=C(OS(=O)(=O)C=C)

C(Cl)=C1

(2,4,6-trichlorophenyl) 

ethenesulfonate

LDC059856

CCOC(=O)C1=C(C=CC(Br)=C1)C

1=CC=C(O1)\C=C1\C(C)=C(C#N)

C(O)=NC1=O

ethyl 5-bromo-2-[5-[(Z)-(5-

cyano-6-hydroxy-4-methyl-2-

oxo-3-pyridylidene)methyl]-2-

furyl]benzoate

LDC060023
CCOC(=O)C1=C(SC(C)=C1C)N1

C(=O)C=CC1=O

ethyl 2-(2,5-dioxopyrrol-1-yl)-

4,5-dimethyl-thiophene-3-

carboxylate

LDC060167
CC(C)(C)C1(C)OC(=O)C(=CC2=C

C=C(Br)O2)C(=O)O1

5-[(5-bromo-2-

furyl)methylene]-2-tert-butyl-2-

methyl-1,3-dioxane-4,6-dione

LDC064539
CC(=O)\C=C\C1=C(C2=CC=C(C)

O2)C2=CC=CC=C2O1

(E)-4-[3-(5-methyl-2-

furyl)benzofuran-2-yl]but-3-en-

2-one

LDC064777
CN1C(\C=C\C2=CC=C(C)O2)=NC

2=CC3=CC=CC=C3C=C12

3-methyl-2-[(E)-2-(5-methyl-2-

furyl)vinyl]benzo[f]benzimidazo

le

LDC067325

O=C(CSC1=NC(C2=CC=CO2)=C(

N=N1)C1=CC=CO1)NC1=CN=C2

C=CC=CC2=C1

2-[[5,6-bis(2-furyl)-1,2,4-

triazin-3-yl]sulfanyl]-N-(3-

quinolyl)acetamide

LDC077879
COC1=C(C=CC=C1)N1C(=O)C=C

(SC2=NC(C)=CC(C)=N2)C1=O

3-(4,6-dimethylpyrimidin-2-

yl)sulfanyl-1-(2-

methoxyphenyl)pyrrole-2,5-

dione
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LDC088619

CS(=O)(=O)C1=NC(C(=O)N2CCN

(CC2)C2=CC(Cl)=CC=C2)=C(Cl)C

=N1

(5-chloro-2-methylsulfonyl-

pyrimidin-4-yl)-[4-(3-

chlorophenyl)piperazin-1-

yl]methanone

LDC114044
COC1=CC=C(C=C1)N1CC(CC1=

O)C1=NN=C(S)O1

1-(4-methoxyphenyl)-4-(5-

sulfanyl-1,3,4-oxadiazol-2-

yl)pyrrolidin-2-one

LDC115028
CC(C)CSC1=NSC2=NC(=O)\C(=C

/C3=CC=C(O)C(O)=C3)C(=N)N12

(6Z)-6-[(3,4-

dihydroxyphenyl)methylene]-5-

imino-3-isobutylsulfanyl-

[1,2,4]thiadiazolo[4,5-

a]pyrimidin-7-one

LDC129064

FC(F)C(F)(F)OC1=C(C=C(C=C1)

N1C(=O)C=CC1=O)N1C(=O)C=C

C1=O

1-[3-(2,5-dioxopyrrol-1-yl)-4-

(1,1,2,2-

tetrafluoroethoxy)phenyl]pyrrol

e-2,5-dione

LDC133925
CC1=CC(Br)=C(C=C1)N1C(=O)C

=CC1=O

1-(2-bromo-4-methyl-

phenyl)pyrrole-2,5-dione

LDC137832
ClC1=CC=C(SC2=C(C=CC=C2)N

2C(=O)C=CC2=O)C=C1

1-[2-(4-

chlorophenyl)sulfanylphenyl]py

rrole-2,5-dione

LDC140360
COC(=O)C1=C(SC2=C1CCCC2)N

1C(=O)C=CC1=O

methyl 2-(2,5-dioxopyrrol-1-yl)-

4,5,6,7-

tetrahydrobenzothiophene-3-

carboxylate

LDC151135

CC1=CC(=C(C)N1CCCCCC(O)=O

)C1=CSC(COC2=CC=CC=C2)=N

1

6-[2,5-dimethyl-3-[2-

(phenoxymethyl)thiazol-4-

yl]pyrrol-1-yl]hexanoic acid

LDC181764
C\N=C1/SN(C(=N1)C1=CC=CC=C

1)C1=CC=C(C)C=C1

N-methyl-3-phenyl-2-(p-tolyl)-

1,2,4-thiadiazol-5-imine 

hydrobromide

LDC181829
CC1=CC=C(C=C1)N1SC(=N)N=C

1C1=CC=CC=C1

3-phenyl-2-(p-tolyl)-1,2,4-

thiadiazol-5-imine 

hydrobromide

LDC185579

COC1=CC(=CC=C1\N=N\C1=CC

=C2C(=CC(=C(N)C2=C1O)S(O)(=

O)=O)S(O)(=O)=O)C1=CC=C(\N=

N\C2=CC=C3C(=CC(=C(N)C3=C2

O)S(O)(=O)=O)S(O)(=O)=O)C(OC

)=C1

tetrasodium 4-amino-6-[4-[4-

[(8-amino-1-hydroxy-5,7-

disulfonato-2-naphthyl)azo]-3-

methoxy-phenyl]-2-methoxy-

phenyl]azo-5-hydroxy-

naphthalene-1,3-disulfonate

Chicago sky blue 

6B

LDC185703

CO\N=C(\C(=O)NC1C2SCC(COC(

N)=O)=C(N2C1=O)C(O)=O)C1=C

C=CO1

sodium 3-

(carbamoyloxymethyl)-7-[[(2E)-

2-(2-furyl)-2-methoxyimino-

acetyl]amino]-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-

carboxylate

Cefuroxime

LDC187657
CN(C)\C=C\C=C\C1=CC(=O)C=C(

O1)\C=C\C=C\N(C)C

2,6-bis[(1E,3E)-4-

(dimethylamino)buta-1,3-

dienyl]pyran-4-one

LDC188898

CC1=C(O)C(=O)C=C2C1=CC=C1

[C@@]2(C)CC[C@@]2(C)[C@@

H]3C[C@@](C)(CC[C@]3(C)CC[C

@]12C)C(O)=O

(2R,4aS,6aR,6aS,14aS,14bR)-

10-hydroxy-2,4a,6a,6a,9,14a-

hexamethyl-11-oxo-

1,3,4,5,6,13,14,14b-

octahydropicene-2-carboxylic 

acid

Celastrol

LDC197040
COC1=C(OC)C=C(C=C1)C1=NN(

C=C1C(=O)C=C)C1=CC=CC=C1

1-[3-(3,4-dimethoxyphenyl)-1-

phenyl-pyrazol-4-yl]prop-2-en-

1-one
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Table 10.2: 13 hit ranking compounds 

ID
Compound 

Structure
SMILES IUPAC

Trivial 

Name

LDC133925
CC1=CC(Br)=C(C=

C1)N1C(=O)C=CC1

=O

1-(2-bromo-4-methyl-

phenyl)pyrrole-2,5-

dione

LDC064539
CC(=O)\C=C\C1=C

(C2=CC=C(C)O2)C

2=CC=CC=C2O1

(E)-4-[3-(5-methyl-2-

furyl)benzofuran-2-

yl]but-3-en-2-one

LDC088619

CS(=O)(=O)C1=NC

(C(=O)N2CCN(CC2

)C2=CC(Cl)=CC=C

2)=C(Cl)C=N1

(5-chloro-2-

methylsulfonyl-

pyrimidin-4-yl)-[4-(3-

chlorophenyl)piperaz

in-1-yl]methanone

LDC197040

COC1=C(OC)C=C(

C=C1)C1=NN(C=C

1C(=O)C=C)C1=C

C=CC=C1

1-[3-(3,4-

dimethoxyphenyl)-1-

phenyl-pyrazol-4-

yl]prop-2-en-1-one

LDC115028

CC(C)CSC1=NSC2

=NC(=O)\C(=C/C3=

CC=C(O)C(O)=C3)

C(=N)N12

(6Z)-6-[(3,4-

dihydroxyphenyl)met

hylene]-5-imino-3-

isobutylsulfanyl-

[1,2,4]thiadiazolo[4,5-

a]pyrimidin-7-one

LDC187657
CN(C)\C=C\C=C\C

1=CC(=O)C=C(O1)

\C=C\C=C\N(C)C

2,6-bis[(1E,3E)-4-

(dimethylamino)buta-

1,3-dienyl]pyran-4-

one

LDC185703

CO\N=C(\C(=O)NC

1C2SCC(COC(N)=

O)=C(N2C1=O)C(O

)=O)C1=CC=CO1

sodium 3-

(carbamoyloxymethy

l)-7-[[(2E)-2-(2-furyl)-

2-methoxyimino-

acetyl]amino]-8-oxo-

5-thia-1-

azabicyclo[4.2.0]oct-

2-ene-2-carboxylate

Cefuroxime

LDC043741
NC1=CC=C(O)C(=

C1)C(O)=O

5-amino-2-hydroxy-

benzoic acid

Mesalazine;Mesala

mine;"5-

Aminosalicylic acid"

LDC129064

FC(F)C(F)(F)OC1=

C(C=C(C=C1)N1C(

=O)C=CC1=O)N1C

(=O)C=CC1=O

1-[3-(2,5-dioxopyrrol-

1-yl)-4-(1,1,2,2-

tetrafluoroethoxy)ph

enyl]pyrrole-2,5-

dione

LDC077879

COC1=C(C=CC=C

1)N1C(=O)C=C(SC

2=NC(C)=CC(C)=N

2)C1=O

3-(4,6-

dimethylpyrimidin-2-

yl)sulfanyl-1-(2-

methoxyphenyl)pyrro

le-2,5-dione

LDC047649

COC1=C(C=CC(CC

CN(CC2=CN=CN2C

)C2=CC(OC3CNC3

)=C(C=C2)C#N)=C

1)C1=CC=CC=C1S

(N)(=O)=O

2-[4-[3-[3-(azetidin-3-

yloxy)-4-cyano-N-[(3-

methylimidazol-4-

yl)methyl]anilino]pro

pyl]-2-methoxy-

phenyl]benzenesulfo

namide

LDC046126

CN1C(C)=NC=C1C

N(CCCC1=CC=C(C

=C1)C1=CC=CC=C

1C(N)=O)C1=CC=

C(C=C1)C#N

2-[4-[3-[4-cyano-N-

[(2,3-

dimethylimidazol-4-

yl)methyl]anilino]pro

pyl]phenyl]benzamid

e

LDC140360
COC(=O)C1=C(SC

2=C1CCCC2)N1C(

=O)C=CC1=O

methyl 2-(2,5-

dioxopyrrol-1-yl)-

4,5,6,7-

tetrahydrobenzothio

phene-3-carboxylate
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Table 10.3: Cluster 209 compounds 

ID Compound Structure SMILES IUPAC

LDC051351
O=C1C=CC(=O)N1C1=C2

C=CC=CC2=CC=C1

1-(1-naphthyl)pyrrole-2,5-

dione

LDC051544
CC1=CC=C(N2C(=O)C=C

C2=O)C(C)=C1

1-(2,4-

dimethylphenyl)pyrrole-

2,5-dione

LDC051698
O=C1C=CC(=O)N1C1=CC

=CC=C1
1-phenylpyrrole-2,5-dione

LDC055710
COC1=CC=CC(=C1)N1C(

=O)C=CC1=O

1-(3-

methoxyphenyl)pyrrole-

2,5-dione

LDC055903
ClC1=CC=CC(=C1)N1C(=

O)C=CC1=O

1-(3-chlorophenyl)pyrrole-

2,5-dione

LDC056058
CC1=CC=C(C=C1Cl)N1C(

=O)C=CC1=O

1-(3-chloro-4-methyl-

phenyl)pyrrole-2,5-dione

LDC057424

O=C1C=CC(=O)N1C1=CC

=C(SC2=CC=C(OC3=CC=

C(SC4=CC=C(C=C4)N4C(

=O)C=CC4=O)C=C3)C=C

2)C=C1

1-[4-[4-[4-[4-(2,5-

dioxopyrrol-1-

yl)phenyl]sulfanylphenoxy

]phenyl]sulfanylphenyl]pyr

role-2,5-dione

LDC073635
COC1=C(C=CC=C1)N1C(

=O)C=CC1=O

1-(2-

methoxyphenyl)pyrrole-

2,5-dione

LDC074371
ClC1=C(C=CC=C1)N1C(=

O)C=CC1=O

1-(2-chlorophenyl)pyrrole-

2,5-dione

LDC085341
CCOC1=CC=C(C=C1)N1C

(=O)C=CC1=O

1-(4-ethoxyphenyl)pyrrole-

2,5-dione

LDC100088
CC1=CC=C(C=C1)N1C(=

O)C=CC1=O

1-(p-tolyl)pyrrole-2,5-

dione

LDC117860
ClC1=CC=C(C=C1)N1C(=

O)C=CC1=O

1-(4-chlorophenyl)pyrrole-

2,5-dione

LDC129064

FC(F)C(F)(F)OC1=C(C=C(

C=C1)N1C(=O)C=CC1=O)

N1C(=O)C=CC1=O

1-[3-(2,5-dioxopyrrol-1-yl)-

4-(1,1,2,2-

tetrafluoroethoxy)phenyl]p

yrrole-2,5-dione

LDC131735
CC1=C(C=CC=C1)N1C(=

O)C=CC1=O

1-(o-tolyl)pyrrole-2,5-

dione

LDC131769
ClC1=C(Cl)C=C(C=C1)N1

C(=O)C=CC1=O

1-(3,4-

dichlorophenyl)pyrrole-2,5-

dione

LDC132215
CCCCC1=CC=C(C=C1)N1

C(=O)C=CC1=O

1-(4-butylphenyl)pyrrole-

2,5-dione

LDC133925
CC1=CC(Br)=C(C=C1)N1

C(=O)C=CC1=O

1-(2-bromo-4-methyl-

phenyl)pyrrole-2,5-dione

LDC136971

O=C1C=CC(=O)N1C1=CC

=C(OC2=CC=CC=C2)C=C

1

1-(4-

phenoxyphenyl)pyrrole-

2,5-dione

LDC137832

ClC1=CC=C(SC2=C(C=C

C=C2)N2C(=O)C=CC2=O)

C=C1

1-[2-(4-

chlorophenyl)sulfanylphe

nyl]pyrrole-2,5-dione

LDC158021
CC1=C(C=CC(=C1)C(O)=

O)N1C(=O)C=CC1=O

4-(2,5-dioxopyrrol-1-yl)-3-

methyl-benzoic acid
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10.2 Plasmid sequences 

Telokin plasmids 
> [telokin_pGEX_M2024.xdna - 5440 bp]  

ACGTTATCGACTGCACGGTGCACCAATGCTTCTGGCGTCAGGCAGCCATCGGAAGCTGTGGTATGGCTGTGCAGGTCGTA 

AATCACTGCATAATTCGTGTCGCTCAAGGCGCACTCCCGTTCTGGATAATGTTTTTTGCGCCGACATCATAACGGTTCTG 

GCAAATATTCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCA 

CACAGGAAACAGTATTCATGTCCCCTATACTAGGTTATTGGAAAATTAAGGGCCTTGTGCAACCCACTCGACTTCTTTTG 

GAATATCTTGAAGAAAAATATGAAGAGCATTTGTATGAGCGCGATGAAGGTGATAAATGGCGAAACAAAAAGTTTGAATT 

GGGTTTGGAGTTTCCCAATCTTCCTTATTATATTGATGGTGATGTTAAATTAACACAGTCTATGGCCATCATACGTTATA 

TAGCTGACAAGCACAACATGTTGGGTGGTTGTCCAAAAGAGCGTGCAGAGATTTCAATGCTTGAAGGAGCGGTTTTGGAT 

ATTAGATACGGTGTTTCGAGAATTGCATATAGTAAAGACTTTGAAACTCTCAAAGTTGATTTTCTTAGCAAGCTACCTGA 

AATGCTGAAAATGTTCGAAGATCGTTTATGTCATAAAACATATTTAAATGGTGATCATGTAACCCATCCTGACTTCATGT 

TGTATGACGCTCTTGATGTTGTTTTATACATGGACCCAATGTGCCTGGATGCGTTCCCAAAATTAGTTTGTTTTAAAAAA 

CGTATTGAAGCTATCCCACAAATTGATAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCTTTGCAGGGCTGGCAAGC 

CACGTTTGGTGGTGGCGACCATCCTCCAAAATCGGATCTGGAAGTTCTGTTCCAGGGGCCCCTGGgatcCATGGCAATGA 

TCTCAGGGCTCAGTGGCAGGAAATCTTCAACAGGGTCACCAACCAGCCCAATCAATGCGGAGAAACTAGAGTCTGAAGAC 

GATGTCTCCCAAGCTTTCCTGGAGGCTGTTGCTGAGGAAAAGCCCCATGTGAAACCTTATTTCTCTAAGACCATCCGTGA 

TCTGGAAGTCGTGGAGGGAAGCGCTGCTAGATTTGACTGCAAGATTGAAGGATACCCAGACCCTGAGGTGGTCTGGTTCA 

AGGATGACCAATCAATCAGGGAGTCCCGCCACTTCCAGATAGACTACGACGAAGACGGCAACTGCTCGCTCATCATCAGC 

GACGTCTGTGGGGATGATGACGCCAAGTACACCTGCAAGGCTGTCAACAGCCTCGGAGAAGCCACCTGCACTGCGGAGCT 

CATCGTGGAGACCATGGAGGAAGGGGAAGGGGAGGAGGGGGGAGAGTAAGAATTCCCGGGTCGACtcgaGCGGCCGCATC 

GTGACTGACTGACGATCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTC 

ACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGC 

AGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATAATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTATTTTTAT 

AGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGT 

TTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAG 

GAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACC 

CAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGC 

GGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGT 

ATTATCCCGTGTTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCAC 

CAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACT 

GCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAAC 

TCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGCAGCAATGG 

CAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCG 

GATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCG 

TGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTC 

AGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAA 

GTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAA 

TCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTT 

GAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGAT 

CAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCC 

GTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTG 

CCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACG 

GGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAG 

CGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGC 

TTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGC 

TCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGC 

TCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCC 

GCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACGCAT 

CTGTGCGGTATTTCACACCGCATAAATTCCGACACCATCGAATGGTGCAAAACCTTTCGCGGTATGGCATGATAGCGCCC 

GGAAGAGAGTCAATTCAGGGTGGTGAATGTGAAACCAGTAACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTTATC 

AGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGCGGAG 

CTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTCCAGTCT 

GGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGA 

TGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATCATT 

AACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTC 

TGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATTGG 

GTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAATAT 

CTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCA 

AATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCATTA 

CCGAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTATATCCCG 

CCGTCAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCA 

GGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCT 

CTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGC 

AATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAATTG 

TGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGGATTCACTGGCCGTCGTTTTACAACGTCGTGA 

CTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGG 
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CCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAAGCG 

GTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTA 

CGATGCGCCCATCTACACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGGGTT 

GTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTGGAATT 

 

 

 

Features: 

M13-fwd            : [5031 : 5014 - CCW] 

 

M13-rev            : [4982 : 5002 - CW] 

 

ColE1 origin       : [2857 : 3485 - CW] 

 

LacZ alpha         : [5102 : 5170 - CW] 

 

LacO               : [215 : 237 - CW] 

 

LacO               : [4954 : 4976 - CW] 

 

AmpR               : [2046 : 2705 - CW] 

 

GST                : [258 : 911 - CW] 

 

Amp prom           : [1778 : 1806 - CW] 

 

lac                : [4920 : 4949 - CW] 

 

tac                : [184 : 212 - CW] 

 

PreScission site   : [918 : 941 - CW] 

 

Telokin            : [951 : 1409 - CW] 
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> [telokin_pGEX_M2026.xdna - 5443 bp]  

ACGTTATCGACTGCACGGTGCACCAATGCTTCTGGCGTCAGGCAGCCATCGGAAGCTGTGGTATGGCTGTGCAGGTCGTA 

AATCACTGCATAATTCGTGTCGCTCAAGGCGCACTCCCGTTCTGGATAATGTTTTTTGCGCCGACATCATAACGGTTCTG 

GCAAATATTCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCA 

CACAGGAAACAGTATTCATGTCCCCTATACTAGGTTATTGGAAAATTAAGGGCCTTGTGCAACCCACTCGACTTCTTTTG 

GAATATCTTGAAGAAAAATATGAAGAGCATTTGTATGAGCGCGATGAAGGTGATAAATGGCGAAACAAAAAGTTTGAATT 

GGGTTTGGAGTTTCCCAATCTTCCTTATTATATTGATGGTGATGTTAAATTAACACAGTCTATGGCCATCATACGTTATA 

TAGCTGACAAGCACAACATGTTGGGTGGTTGTCCAAAAGAGCGTGCAGAGATTTCAATGCTTGAAGGAGCGGTTTTGGAT 

ATTAGATACGGTGTTTCGAGAATTGCATATAGTAAAGACTTTGAAACTCTCAAAGTTGATTTTCTTAGCAAGCTACCTGA 

AATGCTGAAAATGTTCGAAGATCGTTTATGTCATAAAACATATTTAAATGGTGATCATGTAACCCATCCTGACTTCATGT 

TGTATGACGCTCTTGATGTTGTTTTATACATGGACCCAATGTGCCTGGATGCGTTCCCAAAATTAGTTTGTTTTAAAAAA 

CGTATTGAAGCTATCCCACAAATTGATAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCTTTGCAGGGCTGGCAAGC 

CACGTTTGGTGGTGGCGACCATCCTCCAAAATCGGATCTGGAAGTTCTGTTCCAGGGGCCCCTGGgatcCATGGCAATGA 

TCTCAGGGCTCAGTGGCAGGAAATCTTCAACAGGGTCACCAACCAGCCCAATCAATGCGGAGAAACTAGAGTCTGAAGAC 

GATGTCTCCCAAGCTTTCCTGGAGGCTGTTGCTGAGGAAAAGCCCCATGTGAAACCTTATTTCTCTAAGACCATCCGTGA 

TCTGGAAGTCGTGGAGGGAAGCGCTGCTAGATTTGACTGCAAGATTGAAGGATACCCAGACCCTGAGGTGGTCTGGTTCA 

AGGATGACCAATCAATCAGGGAGTCCCGCCACTTCCAGATAGACTACGACGAAGACGGCAACTGCTCGCTCATCATCAGC 

GACGTCTGTGGGGATGATGACGCCAAGTACACCTGCAAGGCTGTCAACAGCCTCGGAGAAGCCACCTGCACTGCGGAGCT 

CATCGTGGAGACCATGGAGGAAGGGGAAGGGGAGGAGGGGGGAGAGGAGTAAGAATTCCCGGGTCGACtcgaGCGGCCGC 

ATCGTGACTGACTGACGATCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACG 

GTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGGG 

CGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATAATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTATTTT 

TATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATT 

TGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAA 

AAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTC 

ACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAAC 

AGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGC 

GGTATTATCCCGTGTTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACT 

CACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAAC 

ACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGT 

AACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGCAGCAA 

TGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAG 

GCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGA 

GCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGA 

GTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGAC 

CAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGA 

TAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTT 

CTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCG 

GATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTA 

GCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTG 

CTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGA 

ACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGA 

AAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGG 

AGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGA 

TGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTT 

TGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTC 

GCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTTACG 

CATCTGTGCGGTATTTCACACCGCATAAATTCCGACACCATCGAATGGTGCAAAACCTTTCGCGGTATGGCATGATAGCG 

CCCGGAAGAGAGTCAATTCAGGGTGGTGAATGTGAAACCAGTAACGTTATACGATGTCGCAGAGTATGCCGGTGTCTCTT 

ATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGCG 

GAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTCCAG 

TCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGT 

CGATGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTGATC 

ATTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGATGT 

CTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCAT 

TGGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCATAAA 

TATCTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCAT 

GCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCGCCA 

TTACCGAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTATATC 

CCGCCGTCAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGGG 

CCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCG 

CCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAA 

CGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTGGAA 

TTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGGATTCACTGGCCGTCGTTTTACAACGTCG 

TGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAG 

AGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCAGAA 

GCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGG 

TTACGATGCGCCCATCTACACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGACGG 

GTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTTGGA 
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ATT 

 

 

Features : 

M13-fwd            : [5034 : 5017 - CCW] 

 

M13-rev            : [4985 : 5005 - CW] 

 

ColE1 origin       : [2860 : 3488 - CW] 

 

LacZ alpha         : [5105 : 5173 - CW] 

 

LacO               : [215 : 237 - CW] 

 

LacO               : [4957 : 4979 - CW] 

 

AmpR               : [2049 : 2708 - CW] 

 

GST                : [258 : 911 - CW] 

 

Amp prom           : [1781 : 1809 - CW] 

 

lac                : [4923 : 4952 - CW] 

 

tac                : [184 : 212 - CW] 

 

PreScission site   : [918 : 941 - CW] 
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> [telokin_pGEX-M2028.xdna - 5446 bp]  

ACGTTATCGACTGCACGGTGCACCAATGCTTCTGGCGTCAGGCAGCCATCGGAAGCTGTGGTATGGCTGTGCAGGTCGTA 

AATCACTGCATAATTCGTGTCGCTCAAGGCGCACTCCCGTTCTGGATAATGTTTTTTGCGCCGACATCATAACGGTTCTG 

GCAAATATTCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCA 

CACAGGAAACAGTATTCATGTCCCCTATACTAGGTTATTGGAAAATTAAGGGCCTTGTGCAACCCACTCGACTTCTTTTG 

GAATATCTTGAAGAAAAATATGAAGAGCATTTGTATGAGCGCGATGAAGGTGATAAATGGCGAAACAAAAAGTTTGAATT 

GGGTTTGGAGTTTCCCAATCTTCCTTATTATATTGATGGTGATGTTAAATTAACACAGTCTATGGCCATCATACGTTATA 

TAGCTGACAAGCACAACATGTTGGGTGGTTGTCCAAAAGAGCGTGCAGAGATTTCAATGCTTGAAGGAGCGGTTTTGGAT 

ATTAGATACGGTGTTTCGAGAATTGCATATAGTAAAGACTTTGAAACTCTCAAAGTTGATTTTCTTAGCAAGCTACCTGA 

AATGCTGAAAATGTTCGAAGATCGTTTATGTCATAAAACATATTTAAATGGTGATCATGTAACCCATCCTGACTTCATGT 

TGTATGACGCTCTTGATGTTGTTTTATACATGGACCCAATGTGCCTGGATGCGTTCCCAAAATTAGTTTGTTTTAAAAAA 

CGTATTGAAGCTATCCCACAAATTGATAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCTTTGCAGGGCTGGCAAGC 

CACGTTTGGTGGTGGCGACCATCCTCCAAAATCGGATCTGGAAGTTCTGTTCCAGGGGCCCCTGGgatcCATGGCAATGA 

TCTCAGGGCTCAGTGGCAGGAAATCTTCAACAGGGTCACCAACCAGCCCAATCAATGCGGAGAAACTAGAGTCTGAAGAC 

GATGTCTCCCAAGCTTTCCTGGAGGCTGTTGCTGAGGAAAAGCCCCATGTGAAACCTTATTTCTCTAAGACCATCCGTGA 

TCTGGAAGTCGTGGAGGGAAGCGCTGCTAGATTTGACTGCAAGATTGAAGGATACCCAGACCCTGAGGTGGTCTGGTTCA 

AGGATGACCAATCAATCAGGGAGTCCCGCCACTTCCAGATAGACTACGACGAAGACGGCAACTGCTCGCTCATCATCAGC 

GACGTCTGTGGGGATGATGACGCCAAGTACACCTGCAAGGCTGTCAACAGCCTCGGAGAAGCCACCTGCACTGCGGAGCT 

CATCGTGGAGACCATGGAGGAAGGGGAAGGGGAGGAGGGGGGAGAGGAGGAGTAAGAATTCCCGGGTCGACtcgaGCGGC 

CGCATCGTGACTGACTGACGATCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAG 

ACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCG 

GGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATAATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTAT 

TTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCT 

ATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTG 

AAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTG 

CTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTC 

AACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGG 

CGCGGTATTATCCCGTGTTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGT 

ACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGAT 

AACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCA 

TGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGCAG 

CAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATG 

GAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGG 

TGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGG 

GGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCA 

GACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTT 

TGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGAT 

CTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTG 

CCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGT 

GTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGG 

CTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGC 

TGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATG 

AGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGA 

GGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTG 

TGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCC 

TTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCG 

CTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTCCTT 

ACGCATCTGTGCGGTATTTCACACCGCATAAATTCCGACACCATCGAATGGTGCAAAACCTTTCGCGGTATGGCATGATA 

GCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATGTGAAACCAGTAACGTTATACGATGTCGCAGAGTATGCCGGTGTCT 

CTTATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATG 

GCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCACCTC 

CAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGG 

TGTCGATGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGGCTG 

ATCATTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCTTGA 

TGTCTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCG 

CATTGGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGGCAT 

AAATATCTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAAC 

CATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGCGCG 

CCATTACCGAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGTTAT 

ATCCCGCCGTCAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCA 

GGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAA 

CCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCG 

CAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGTGTG 

GAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGGATTCACTGGCCGTCGTTTTACAACG 

TCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCG 

AAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCACCA 

GAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCA 

CGGTTACGATGCGCCCATCTACACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATCCGA 

CGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGCGTT 
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GGAATT 

 

 

Features : 

M13-fwd            : [5037 : 5020 - CCW] 

 

M13-rev            : [4988 : 5008 - CW] 

 

ColE1 origin       : [2863 : 3491 - CW] 

 

LacZ alpha         : [5108 : 5176 - CW] 

 

LacO               : [215 : 237 - CW] 

 

LacO               : [4960 : 4982 - CW] 

 

AmpR               : [2052 : 2711 - CW] 

 

GST                : [258 : 911 - CW] 

 

Amp prom           : [1784 : 1812 - CW] 

 

lac                : [4926 : 4955 - CW] 

 

tac                : [184 : 212 - CW] 

 

PreScission site   : [918 : 941 - CW] 

 

Telokin            : [951 : 1415 - CW] 
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> [telokin_pGEX-M2030.xdna - 5449 bp]  

ACGTTATCGACTGCACGGTGCACCAATGCTTCTGGCGTCAGGCAGCCATCGGAAGCTGTGGTATGGCTGTGCAGGTCGTA 

AATCACTGCATAATTCGTGTCGCTCAAGGCGCACTCCCGTTCTGGATAATGTTTTTTGCGCCGACATCATAACGGTTCTG 

GCAAATATTCTGAAATGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGAATTGTGAGCGGATAACAATTTCA 

CACAGGAAACAGTATTCATGTCCCCTATACTAGGTTATTGGAAAATTAAGGGCCTTGTGCAACCCACTCGACTTCTTTTG 

GAATATCTTGAAGAAAAATATGAAGAGCATTTGTATGAGCGCGATGAAGGTGATAAATGGCGAAACAAAAAGTTTGAATT 

GGGTTTGGAGTTTCCCAATCTTCCTTATTATATTGATGGTGATGTTAAATTAACACAGTCTATGGCCATCATACGTTATA 

TAGCTGACAAGCACAACATGTTGGGTGGTTGTCCAAAAGAGCGTGCAGAGATTTCAATGCTTGAAGGAGCGGTTTTGGAT 

ATTAGATACGGTGTTTCGAGAATTGCATATAGTAAAGACTTTGAAACTCTCAAAGTTGATTTTCTTAGCAAGCTACCTGA 

AATGCTGAAAATGTTCGAAGATCGTTTATGTCATAAAACATATTTAAATGGTGATCATGTAACCCATCCTGACTTCATGT 

TGTATGACGCTCTTGATGTTGTTTTATACATGGACCCAATGTGCCTGGATGCGTTCCCAAAATTAGTTTGTTTTAAAAAA 

CGTATTGAAGCTATCCCACAAATTGATAAGTACTTGAAATCCAGCAAGTATATAGCATGGCCTTTGCAGGGCTGGCAAGC 

CACGTTTGGTGGTGGCGACCATCCTCCAAAATCGGATCTGGAAGTTCTGTTCCAGGGGCCCCTGGgatcCATGGCAATGA 

TCTCAGGGCTCAGTGGCAGGAAATCTTCAACAGGGTCACCAACCAGCCCAATCAATGCGGAGAAACTAGAGTCTGAAGAC 

GATGTCTCCCAAGCTTTCCTGGAGGCTGTTGCTGAGGAAAAGCCCCATGTGAAACCTTATTTCTCTAAGACCATCCGTGA 

TCTGGAAGTCGTGGAGGGAAGCGCTGCTAGATTTGACTGCAAGATTGAAGGATACCCAGACCCTGAGGTGGTCTGGTTCA 

AGGATGACCAATCAATCAGGGAGTCCCGCCACTTCCAGATAGACTACGACGAAGACGGCAACTGCTCGCTCATCATCAGC 

GACGTCTGTGGGGATGATGACGCCAAGTACACCTGCAAGGCTGTCAACAGCCTCGGAGAAGCCACCTGCACTGCGGAGCT 

CATCGTGGAGACCATGGAGGAAGGGGAAGGGGAGGAGGGGGGAGAGGAGGAGGAGTAAGAATTCCCGGGTCGACtcgaGC 

GGCCGCATCGTGACTGACTGACGATCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCG 

GAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTG 

TCGGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATAATTCTTGAAGACGAAAGGGCCTCGTGATACGCC 

TATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACC 

CCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATA 

TTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTT 

TTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGAT 

CTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATG 

TGGCGCGGTATTATCCCGTGTTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTG 

AGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGT 

GATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGA 

TCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTG 

CAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGG 

ATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGC 

CGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGA 

CGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTG 

TCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCT 

TTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAG 

GATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGT 

TTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCT 

AGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAG 

TGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCG 

GGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCT 

ATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCA 

CGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTT 

TTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTG 

GCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATA 

CCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATGCGGTATTTTCTC 

CTTACGCATCTGTGCGGTATTTCACACCGCATAAATTCCGACACCATCGAATGGTGCAAAACCTTTCGCGGTATGGCATG 

ATAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATGTGAAACCAGTAACGTTATACGATGTCGCAGAGTATGCCGGTG 

TCTCTTATCAGACCGTTTCCCGCGTGGTGAACCAGGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCG 

ATGGCGGAGCTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTGATTGGCGTTGCCAC 

CTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCGATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGG 

TGGTGTCGATGGTAGAACGAAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCAGTGGG 

CTGATCATTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTGCCTGCACTAATGTTCCGGCGTTATTTCT 

TGATGTCTCTGACCAGACACCCATCAACAGTATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGG 

TCGCATTGGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCTGCGTCTGGCTGGCTGG 

CATAAATATCTCACTCGCAATCAAATTCAGCCGATAGCGGAACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACA 

AACCATGCAAATGCTGAATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCGCAATGC 

GCGCCATTACCGAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGGGATACGACGATACCGAAGACAGCTCATGT 

TATATCCCGCCGTCAACCACCATCAAACAGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTC 

TCAGGGCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGC 

AAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGA 

GCGCAACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCTCGTATGTTGT 

GTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGCTATGACCATGATTACGGATTCACTGGCCGTCGTTTTACA 

ACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATA 

GCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCTTTGCCTGGTTTCCGGCA 

CCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCTGAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGAT 

GCACGGTTACGATGCGCCCATCTACACCAACGTAACCTATCCCATTACGGTCAATCCGCCGTTTGTTCCCACGGAGAATC 

CGACGGGTTGTTACTCGCTCACATTTAATGTTGATGAAAGCTGGCTACAGGAAGGCCAGACGCGAATTATTTTTGATGGC 
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GTTGGAATT 

 

 

Features : 

M13-fwd                          : [5040 : 5023 - CCW] 

 

M13-rev                          : [4991 : 5011 - CW] 

 

ColE1 origin                     : [2866 : 3494 - CW] 

 

LacZ alpha                       : [5111 : 5179 - CW] 

 

LacO                             : [215 : 237 - CW] 

 

LacO                             : [4963 : 4985 - CW] 

 

AmpR                             : [2055 : 2714 - CW] 

 

GST                              : [258 : 911 - CW] 

 

Amp prom                         : [1787 : 1815 - CW] 

 

lac                              : [4929 : 4958 - CW] 

 

tac                              : [184 : 212 - CW] 

 

PreScission site                 : [918 : 941 - CW] 

 

insert from Sequence Window #2   : [950 : 1434 - CW] 

 

Telokin                          : [951 : 1418 - CW] 
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CCP plasmids 
> [mCCP1_2059_complete plasmid.xdna - 9853 bp]  

GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTAT 

CTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGA 

CAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATT 

GATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA 

CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT 

AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT 

ATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA 

TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA 

TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACC 

AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAG 

GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAG 

GGAGACCCAAGCTGGCTAGCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGAC 

GGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTT 

CATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAGTGCTTCGCCC 

GCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTC 

TTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAA 

GGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCA 

TGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCC 

GACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCTACCAGTCCGC 

CCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCA 

TGGACGAGCTGTACAAGAAAGATAGAGCTGGAGCAGAGTTTCGTCTCGACACCATGAGCAAGCTAAAAGTGGTGGGAGAG 

AAAAGCCTTACCAATAGTTCTCGGGTTGTGGGACTCCTGGCTCAGCTGGAGAAGATCAATACGGATTCCACAGAGTCAGA 

TACTGCCAGATATGTTACATCCAAAATTCTTCATTTGGCTCAAAGTCAAGAAAAAACAAGAAGGGAAATGACAACCAAAG 

GTTCTACAGGCATGGAAGTTCTGTTGTCAACATTGGAGAACACGAAAGATCTTCAGACTGTACTTAATATCCTAAGCATT 

CTCATTGAGCTGGTGTCATCGGGTGGGGGTCGAAGAGCGAGTTTCTTAGTTGCCAAAGGTGGTTCACAAATACTGTTGCA 

ACTGCTTATGAATGCCAGCAAAGACTCTCCTCCACATGAGGAGGTGATGGTGCAGACTCACTCCATTCTTGCCAAGATTG 

GGCCAAAAGATAAGAAATTTGGAGTGAAAGCTCGAGTTAACGGGGCACTGACTGTGACTCTGAACTTGGTAAAGCAGCAC 

TTTCAGAACTACCGCTTGGTTCTTCCTTGTCTTCAGCTCTTGCGAGTCTATTCTACCAACTCTGTGAACTCAGTATCTTT 

AGGTAAAAATGGAGTTGTGGAGTTGATGTTTAAAATCATTGGGCCATTCAGTAAGAAGAATTCGGGTCTCATGAAGGTTG 

CTTTAGACACTCTTGCTGCATTGCTAAAATCAAAGACAAACGCCAGGAGAGCGGTGGACAGAGGGTACGTTCAAGTGCTT 

CTAACCATCTATGTAGATTGGCACCGGCATGATAATCGGCATAGAAACATGCTCATTCGGAAGGGGATTCTACAGAGCTT 

AAAAAGTGTCACGAACATCAAGTTGGGCAGAAAAGCATTTATTGATGCGAATGGGATGAAAATTCTGTATAACACTTCTC 

AAGAGTGCTTGGCGGTCAGGACTCTTGATCCTCTTGTCAACACATCCAGTCTGATAATGAGAAAATGCTTCCCCAAAAAC 

CGCCTTCCGCTCCCCACCATTAAAAGTTCTTTCCACTTCCAATTGCCAATTATCCCTGTGACTGGACCTGTGGCCCAGCT 

CTACAGCTTGCCGCCTGAAGTGGACGATGTGGTGGACGAGAGTGACGACAACGACGACATTGATTTAGAAGTGGAAAATG 

AACTCGAGAATGAAGATGACCTAGATCAGAGTTTTAAGAATGATGATATTGAAACAGATATTAATAAATTAAGACCTCAG 

CAAGTACCAGGACGAACAATAGAAGAACTAAAAATGTACGAGCACCTTTTCCCCGAGCTTGTTGATGATTTTCAGGACTA 

TGAACTGATCTCTAAGGAACCCAAACCTTTTGTGTTTGAGGGGAAGGCTCGGGGCCCCATTGTAGTTCCCACAGCTGGAG 

AGGAGGTACCTGGGAATTCAGGGAGCGTAAAGAAAGGAGTGGTAATGAAGGAGAGAGCAAGTCCTAAAGGAGAGGAAGCC 

AAGGAAGACCCTAAGGGCCACGACAGGACACTGCCGCAGCAGCTGGGTGGCCAGAGCAGAGTGGCCCCCTCAGCCCACAG 

CTTCAACAATGATCTTGTGAAGGCCCTAGACCGAATCACACTGCAGAATGTTCCTTCGCAAGTAGCCTCGGGCTTGAACG 

CAGGAATGAGGAAGGACTTTGGTCTCCCTCTCACTGTCCTCTCATGCACGAAAGCTTGTCCTCACGTGGCTAAGTGTGGA 

AGTACTCTCTTTGAAGGGCGGACGGTACATCTTGGGAAGCTGTGTTGTACTGGAGTTGAAACGGAAGATGACGAAGACAC 

TGAGTCCCACTCATCAACAGAGCAGGCCCCCTCTGTTGAAGCCTCTGATGGACCAACACTGCACGACCCAGACCTCTATA 

TTGAGATTGTGAAAAATACGAAGTCCGTTCCAGAATACTCAGAGGTGGCTTATCCTGATTATTTTGGTCACATTCCACCT 

CCCTTCAAAGAGCCTATTTTAGAAAGGCCTTATGGTGTACAAAGGACAAAAATTGCCCAAGACATCGAGAGGCTGATACA 

CCAGAACGATATCATAGACCGCGTGGTGTATGACTTAGACAACCCTACCTATACCACTCCAGAAGAAGGAGATACTTTGA 

AGTTTAACTCAAAATTCGAATCTGGGAATCTGCGCAAAGTAATTCAAATTAGAAAAAGCGAGTACGACCTTATCCTGAAC 

TCTGATATAAACAGTAACCATTACCACCAGTGGTTCTACTTTGAAGTCAGTGGGATGCGGCCTGGTGTGGCATATAGGTT 

CAACATCATCAACTGTGAGAAGTCCAACAGTCAGTTTAATTATGGTATGCAGCCACTTATGTATTCAGTTCAGGAAGCAC 

TAAATGCCAGACCATGGTGGATCCGTATGGGCACTGACATTTGTTACTACAAAAATCACTTCTCACGAAGCTCAGTTGCC 

GCAGGCGGACAGAAGGGCAAGTCCTACTACACCATCACCTTCACCGTGAACTTCCCGCACAAGGACGATGTCTGCTATTT 

CGCCTATCACTATCCATACACGTACTCGACTCTGCAGATGCATCTTCAAAAATTGGAATCGGCACACAATCCTCAACAAA 

TCTATTTTCGAAAAGACGTGTTGTGTGAAACCTTGTCTGGAAACATCTGTCCTTTGGTGACCATAACAGCAATGCCAGAG 

TCCAATTACTATGAACATATCTGTCAGTTCAGAACTCGCCCTTATATTTTCTTGTCTGCTCGGGTCCATCCTGGAGAAAC 

CAATGCAAGCTGGGTAATGAAAGGAACACTGGAGTACCTCATGAGCAATAGCCCGACTGCCCAGAGCCTACGGGAGTCTT 

ACATTTTTAAAATTGTCCCCATGCTAAATCCAGATGGTGTCATCAATGGAAATCACCGCTGCTCCTTAAGTGGAGAGGAT 

TTGAACAGACAGTGGCAAAGTCCAAACCCAGAGTTACACCCCACGATTTATCATGCCAAGGGGCTGCTGCAGTACCTGGC 

CGCGGTGAAGCGCCTACCTCTGGTTTATTGTGATTACCATGGCCATTCTCGAAAAAAGAATGTATTCATGTACGGCTGCA 

GCATCAAAGAGACGGTGTGGCACACCCATGACAACTCGGCTTCCTGTGATATTGTGGAAGACATGGGATACAGGACTTTG 

CCTAAGATACTGAGCCACATTGCTCCGGCATTTTGCATGAGCAGTTGTAGCTTTGTGGTGGAAAAATCTAAAGAATCCAC 

AGCTCGGGTTGTCGTGTGGCGGGAAATTGGAGTTCAGAGGAGCTACACCATGGAGAGTACTTTATGTGGCTGCGATCAGG 

GTAGATACAAGGGTTTACAGATTGGGACTCGAGAATTGGAAGAGATGGGAGCAAAATTTTGTGTTGGTTTATTGCGTTTG 

AAACGACTGACTTCTTCATTGGAATATAATCTGCCCTCCAACCTGCTTGACTTTGAAAATGACTTAATTGAATCAAGCTG 

TAAAGTGACTAGCCCCACCACTTACGTTTTGGATGAAGATGAACCTCGGTTCCTTGAAGAAGTTGATTACAGTGCAGAAA 

GCAATGATGAGTTAGATGTTGAATTAGCGGAGAACACAGGTGATTATGAGCCTTCTGCCCAAGAAGAAGCCCTTTCTGAC 

TCTGAGGTATCAAGAACACACCTGATTTGATCCGAGCTCGGTACCAAGCTTGGGCCCGAACAAAAACTCATCTCAGAAGA 
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GGATCTGAATAGCGCCGTCGACCATCATCATCATCATCATTGAGTTTAAACGGTCTCCAGCTTAAGTTTAAACCGCTGAT 

CAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCC 

ACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGG 

GGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTG 

AGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTG 

GTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCAC 

GTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACC 

CCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAG 

TCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATA 

AGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAA 

TGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAG 

CAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATA 

GTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTT 

TTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAG 

GCTTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATG 

ATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGAC 

AATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCG 

GTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTC 

GACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGC 

TCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACC 

ACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAG 

CATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCA 

TGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGG 

CGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTC 

GTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACT 

CTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAG 

GTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCC 

ACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTT 

TCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAG 

CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAA 

GCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAG 

TCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTC 

CGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATAC 

GGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAG 

GCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCG 

AAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGC 

TTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCG 

GTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTA 

TCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGT 

ATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCT 

CTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTT 

TTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACG 

CTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAAT 

TAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGC 

ACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG 

GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAG 

CCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGC 

TAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGT 

TTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTT 

AGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAA 

TTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTA 

TGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATC 

ATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGC 

ACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAA 

AGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTAT 

TGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGT 

GCCACCTGACGTC 
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Features : 

ORF_2059       : [1654 : 5310 - CW] 

 

M13-rev        : [7712 : 7692 - CCW] 

 

T7             : [863 : 882 - CW] 

 

ColE1 origin   : [8708 : 8080 - CCW] 

 

LacO           : [7740 : 7718 - CCW] 

 

AmpR           : [9519 : 8860 - CCW] 

 

Kan/neoR       : [6561 : 7352 - CW] 

 

EYFP           : [904 : 1617 - CW] 

 

Amp prom       : [9787 : 9759 - CCW] 

 

lac            : [7774 : 7745 - CCW] 

 

SV40 ORI       : [6342 : 6419 - CW] 

 

bGH PA         : [5447 : 5674 - CW] 

 

6His           : [5383 : 5400 - CW] 

 

c-Myc tag      : [5338 : 5367 - CW] 

 

CMV Promotor   : [236 : 852 - CW] 
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> [mCCP1_2188_complete plasmid.xdna - 9853 bp]  

GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTAT 

CTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGA 

CAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATT 

GATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAA 

CTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGT 

AACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGT 

ATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTA 

TGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAA 

TGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACC 

AAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAG 

GTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAG 

GGAGACCCAAGCTGGCTAGCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGAC 

GGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTT 

CATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAGTGCTTCGCCC 

GCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTC 

TTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAA 

GGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCA 

TGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCC 

GACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCTACCAGTCCGC 

CCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCA 

TGGACGAGCTGTACAAGAAAGATAGAGCTGGAGCAGAGTTTCGTCTCGACACCATGAGCAAGCTAAAAGTGGTGGGAGAG 

AAAAGCCTTACCAATAGTTCTCGGGTTGTGGGACTCCTGGCTCAGCTGGAGAAGATCAATACGGATTCCACAGAGTCAGA 

TACTGCCAGATATGTTACATCCAAAATTCTTCATTTGGCTCAAAGTCAAGAAAAAACAAGAAGGGAAATGACAACCAAAG 

GTTCTACAGGCATGGAAGTTCTGTTGTCAACATTGGAGAACACGAAAGATCTTCAGACTGTACTTAATATCCTAAGCATT 

CTCATTGAGCTGGTGTCATCGGGTGGGGGTCGAAGAGCGAGTTTCTTAGTTGCCAAAGGTGGTTCACAAATACTGTTGCA 

ACTGCTTATGAATGCCAGCAAAGACTCTCCTCCACATGAGGAGGTGATGGTGCAGACTCACTCCATTCTTGCCAAGATTG 

GGCCAAAAGATAAGAAATTTGGAGTGAAAGCTCGAGTTAACGGGGCACTGACTGTGACTCTGAACTTGGTAAAGCAGCAC 

TTTCAGAACTACCGCTTGGTTCTTCCTTGTCTTCAGCTCTTGCGAGTCTATTCTACCAACTCTGTGAACTCAGTATCTTT 

AGGTAAAAATGGAGTTGTGGAGTTGATGTTTAAAATCATTGGGCCATTCAGTAAGAAGAATTCGGGTCTCATGAAGGTTG 

CTTTAGACACTCTTGCTGCATTGCTAAAATCAAAGACAAACGCCAGGAGAGCGGTGGACAGAGGGTACGTTCAAGTGCTT 

CTAACCATCTATGTAGATTGGCACCGGCATGATAATCGGCATAGAAACATGCTCATTCGGAAGGGGATTCTACAGAGCTT 

AAAAAGTGTCACGAACATCAAGTTGGGCAGAAAAGCATTTATTGATGCGAATGGGATGAAAATTCTGTATAACACTTCTC 

AAGAGTGCTTGGCGGTCAGGACTCTTGATCCTCTTGTCAACACATCCAGTCTGATAATGAGAAAATGCTTCCCCAAAAAC 

CGCCTTCCGCTCCCCACCATTAAAAGTTCTTTCCACTTCCAATTGCCAATTATCCCTGTGACTGGACCTGTGGCCCAGCT 

CTACAGCTTGCCGCCTGAAGTGGACGATGTGGTGGACGAGAGTGACGACAACGACGACATTGATTTAGAAGTGGAAAATG 

AACTCGAGAATGAAGATGACCTAGATCAGAGTTTTAAGAATGATGATATTGAAACAGATATTAATAAATTAAGACCTCAG 

CAAGTACCAGGACGAACAATAGAAGAACTAAAAATGTACGAGCACCTTTTCCCCGAGCTTGTTGATGATTTTCAGGACTA 

TGAACTGATCTCTAAGGAACCCAAACCTTTTGTGTTTGAGGGGAAGGCTCGGGGCCCCATTGTAGTTCCCACAGCTGGAG 

AGGAGGTACCTGGGAATTCAGGGAGCGTAAAGAAAGGAGTGGTAATGAAGGAGAGAGCAAGTCCTAAAGGAGAGGAAGCC 

AAGGAAGACCCTAAGGGCCACGACAGGACACTGCCGCAGCAGCTGGGTGGCCAGAGCAGAGTGGCCCCCTCAGCCCACAG 

CTTCAACAATGATCTTGTGAAGGCCCTAGACCGAATCACACTGCAGAATGTTCCTTCGCAAGTAGCCTCGGGCTTGAACG 

CAGGAATGAGGAAGGACTTTGGTCTCCCTCTCACTGTCCTCTCATGCACGAAAGCTTGTCCTCACGTGGCTAAGTGTGGA 

AGTACTCTCTTTGAAGGGCGGACGGTACATCTTGGGAAGCTGTGTTGTACTGGAGTTGAAACGGAAGATGACGAAGACAC 

TGAGTCCCACTCATCAACAGAGCAGGCCCCCTCTGTTGAAGCCTCTGATGGACCAACACTGCACGACCCAGACCTCTATA 

TTGAGATTGTGAAAAATACGAAGTCCGTTCCAGAATACTCAGAGGTGGCTTATCCTGATTATTTTGGTCACATTCCACCT 

CCCTTCAAAGAGCCTATTTTAGAAAGGCCTTATGGTGTACAAAGGACAAAAATTGCCCAAGACATCGAGAGGCTGATACA 

CCAGAACGATATCATAGACCGCGTGGTGTATGACTTAGACAACCCTACCTATACCACTCCAGAAGAAGGAGATACTTTGA 

AGTTTAACTCAAAATTCGAATCTGGGAATCTGCGCAAAGTAATTCAAATTAGAAAAAGCGAGTACGACCTTATCCTGAAC 

TCTGATATAAACAGTAACCATTACCACCAGTGGTTCTACTTTGAAGTCAGTGGGATGCGGCCTGGTGTGGCATATAGGTT 

CAACATCATCAACTGTGAGAAGTCCAACAGTCAGTTTAATTATGGTATGCAGCCACTTATGTATTCAGTTCAGGAAGCAC 

TAAATGCCAGACCATGGTGGATCCGTATGGGCACTGACATTTGTTACTACAAAAATCACTTCTCACGAAGCTCAGTTGCC 

GCAGGCGGACAGAAGGGCAAGTCCTACTACACCATCACCTTCACCGTGAACTTCCCGCACAAGGACGATGTCTGCTATTT 

CGCCTATCACTATCCATACACGTACTCGACTCTGCAGATGCATCTTCAAAAATTGGAATCGGCACACAATCCTCAACAAA 

TCTATTTTCGAAAAGACGTGTTGTGTGAAACCTTGTCTGGAAACATCTGTCCTTTGGTGACCATAACAGCAATGCCAGAG 

TCCAATTACTATGAACATATCTGTCAGTTCAGAACTCGCCCTTATATTTTCTTGTCTGCTCGGGTCTCTCCTGGACAAAC 

CAATGCAAGCTGGGTAATGAAAGGAACACTGGAGTACCTCATGAGCAATAGCCCGACTGCCCAGAGCCTACGGGAGTCTT 

ACATTTTTAAAATTGTCCCCATGCTAAATCCAGATGGTGTCATCAATGGAAATCACCGCTGCTCCTTAAGTGGAGAGGAT 

TTGAACAGACAGTGGCAAAGTCCAAACCCAGAGTTACACCCCACGATTTATCATGCCAAGGGGCTGCTGCAGTACCTGGC 

CGCGGTGAAGCGCCTACCTCTGGTTTATTGTGATTACCATGGCCATTCTCGAAAAAAGAATGTATTCATGTACGGCTGCA 

GCATCAAAGAGACGGTGTGGCACACCCATGACAACTCGGCTTCCTGTGATATTGTGGAAGACATGGGATACAGGACTTTG 

CCTAAGATACTGAGCCACATTGCTCCGGCATTTTGCATGAGCAGTTGTAGCTTTGTGGTGGAAAAATCTAAAGAATCCAC 

AGCTCGGGTTGTCGTGTGGCGGGAAATTGGAGTTCAGAGGAGCTACACCATGGAGAGTACTTTATGTGGCTGCGATCAGG 

GTAGATACAAGGGTTTACAGATTGGGACTCGAGAATTGGAAGAGATGGGAGCAAAATTTTGTGTTGGTTTATTGCGTTTG 

AAACGACTGACTTCTTCATTGGAATATAATCTGCCCTCCAACCTGCTTGACTTTGAAAATGACTTAATTGAATCAAGCTG 

TAAAGTGACTAGCCCCACCACTTACGTTTTGGATGAAGATGAACCTCGGTTCCTTGAAGAAGTTGATTACAGTGCAGAAA 

GCAATGATGAGTTAGATGTTGAATTAGCGGAGAACACAGGTGATTATGAGCCTTCTGCCCAAGAAGAAGCCCTTTCTGAC 

TCTGAGGTATCAAGAACACACCTGATTTGATCCGAGCTCGGTACCAAGCTTGGGCCCGAACAAAAACTCATCTCAGAAGA 

GGATCTGAATAGCGCCGTCGACCATCATCATCATCATCATTGAGTTTAAACGGTCTCCAGCTTAAGTTTAAACCGCTGAT 
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CAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCC 

ACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGG 

GGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTG 

AGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTG 

GTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCAC 

GTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACC 

CCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAG 

TCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATA 

AGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTAATTCTGTGGAA 

TGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAG 

CAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATA 

GTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTT 

TTTTATTTATGCAGAGGCCGAGGCCGCCTCTGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAG 

GCTTTTGCAAAAAGCTCCCGGGAGCTTGTATATCCATTTTCGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATG 

ATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGAC 

AATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCG 

GTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTC 

GACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGC 

TCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACC 

ACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAG 

CATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCA 

TGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGG 

CGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTC 

GTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACT 

CTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAG 

GTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCC 

ACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTT 

TCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAG 

CTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAA 

GCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAG 

TCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTC 

CGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATAC 

GGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAG 

GCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCG 

AAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGC 

TTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCG 

GTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTA 

TCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGT 

ATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCT 

CTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTT 

TTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACG 

CTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAAT 

TAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGC 

ACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGG 

GCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAG 

CCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGC 

TAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGT 

TTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTT 

AGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAA 

TTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTA 

TGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATC 

ATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGC 

ACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAA 

AGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTAT 

TGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGT 

GCCACCTGACGTC 
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Features : 

M13-rev        : [7712 : 7692 - CCW] 

 

T7             : [863 : 882 - CW] 

 

ColE1 origin   : [8708 : 8080 - CCW] 

 

LacO           : [7740 : 7718 - CCW] 

 

AmpR           : [9519 : 8860 - CCW] 

 

Kan/neoR       : [6561 : 7352 - CW] 

 

EYFP           : [904 : 1617 - CW] 

 

Amp prom       : [9787 : 9759 - CCW] 

 

lac            : [7774 : 7745 - CCW] 

 

SV40 ORI       : [6342 : 6419 - CW] 

 

bGH PA         : [5447 : 5674 - CW] 

 

6His           : [5383 : 5400 - CW] 

 

c-Myc tag      : [5338 : 5367 - CW] 

 

CMV Promotor   : [236 : 852 - CW] 

 

ORF_2188       : [1654 : 5310 - CW] 
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> [mCCP1_2580_complete plasmid.xdna - 8448 bp]  

GACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCT 

AGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGC 

TCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGG 

CCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGG 

AACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATG 

AGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTCAGGTGGCACTTTTCGGGGAAAT 

GTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAAT 

GCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTT 

GCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTAC 

ATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAA 

AGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGA 

ATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCC 

ATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCA 

CAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA 

CCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAA 

TTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGA 

TAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAG 

TTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAG 

CATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTA 

GGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAG 

AAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCA 

GCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAA 

TACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAA 

TCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAG 

GCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT 

ACAGCGTGAGCATTGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAA 

CAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTT 

GAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCT 

GGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTG 

AGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATG 

CGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCAGACCAGCCGCGTAACCTGGCAAAATCGGTTACGGTTG 

AGTAATAAATGGATGCCCTGCGTAAGCGGGTGTGGGCGGACAATAAAGTCTTAAACTGAACAAAATAGATCTAAACTATG 

ACAATAAAGTCTTAAACTAGACAGAATAGTTGTAAACTGAAATCAGTCCAGTTATGCTGTGAAAAAGCATACTGGACTTT 

TGTTATGGCTAAAGCAAACTCTTCATTTTCTGAAGTGCAAATTGCCCGTCGTATTAAAGAGGGGCGTGGCCAAGGGCATG 

GTAAAGACTATATTCGCGGCGTTGTGACAATTTACCGAACAACTCCGCGGCCGGGAAGCCGATCTCGGCTTGAACGAATT 

GTTAGGTGGCGGTACTTGGGTCGATATCAAAGTGCATCACTTCTTCCCGTATGCCCAACTTTGTATAGAGAGCCACTGCG 

GGATCGTCACCGTAATCTGCTTGCACGTAGATCACATAAGCACCAAGCGCGTTGGCCTCATGCTTGAGGAGATTGATGAG 

CGCGGTGGCAATGCCCTGCCTCCGGTGCTCGCCGGAGACTGCGAGATCATAGATATAGATCTCACTACGCGGCTGCTCAA 

ACCTGGGCAGAACGTAAGCCGCGAGAGCGCCAACAACCGCTTCTTGGTCGAAGGCAGCAAGCGCGATGAATGTCTTACTA 

CGGAGCAAGTTCCCGAGGTAATCGGAGTCCGGCTGATGTTGGGAGTAGGTGGCTACGTCTCCGAACTCACGACCGAAAAG 

ATCAAGAGCAGCCCGCATGGATTTGACTTGGTCAGGGCCGAGCCTACATGTGCGAATGATGCCCATACTTGAGCCACCTA 

ACTTTGTTTTAGGGCGACTGCCCTGCTGCGTAACATCGTTGCTGCTGCGTAACATCGTTGCTGCTCCATAACATCAAACA 

TCGACCCACGGCGTAACGCGCTTGCTGCTTGGATGCCCGAGGCATAGACTGTACAAAAAAACAGTCATAACAAGCCATGA 

AAACCGCCACTGCGCCGTTACCACCGCTGCGTTCGGTCAAGGTTCTGGACCAGTTGCGTGAGCGCATACGCTACTTGCAT 

TACAGTTTACGAACCGAACAGGCTTATGTCAACTGGGTTCGTGCCTTCATCCGTTTCCACGGTGTGCGTCACCCGGCAAC 

CTTGGGCAGCAGCGAAGTCGAGGCATTTCTGTCCTGGCTGGCGAACGAGCGCAAGGTTTCGGTCTCCACGCATCGTCAGG 

CATTGGCGGCCTTGCTGTTCTTCTACGGCAAGGTGCTGTGCACGGATCTGCCCTGGCTTCAGGAGATCGGAAGACCTCGG 

CCGTCGCGGCGCTTGCCGGTGGTGCTGACCCCGGATGAAGTGGTTCGCATCCTCGGTTTTCTGGAAGGCGAGCATCGTTT 

GTTCGCCCAGGACTCTAGCTATAGTTCTAGTGGTTGGCTACGTATACTCCGGAATATTAATAGATCATGGAGATAATTAA 

AATGATAACCATCTCGCAAATAAATAAGTATTTTACTGTTTTCGTAACAGTTTTGTAATAAAAAAACCTATAAATATTCC 

GGATTATTCATACCGTCCCACCATCGGGCGCGGATCTCGGTCCGAAACCATGTCGTACTACCATCACCATCACCATCACG 

ATTACGATATCCCAACGACCGAAAACCTGTATTTTCAGGGCGCCATGGGATCAATGAGCAAGCTAAAAGTGGTGGGAGAG 

AAAAGCCTTACCAATAGTTCTCGGGTTGTGGGACTCCTGGCTCAGCTGGAGAAGATCAATACGGATTCCACAGAGTCAGA 

TACTGCCAGATATGTTACATCCAAAATTCTTCATTTGGCTCAAAGTCAAGAAAAAACAAGAAGGGAAATGACAACCAAAG 

GTTCTACAGGCATGGAAGTTCTGTTGTCAACATTGGAGAACACGAAAGATCTTCAGACTGTACTTAATATCCTAAGCATT 

CTCATTGAGCTGGTGTCATCGGGTGGGGGTCGAAGAGCGAGTTTCTTAGTTGCCAAAGGTGGTTCACAAATACTGTTGCA 

ACTGCTTATGAATGCCAGCAAAGACTCTCCTCCACATGAGGAGGTGATGGTGCAGACTCACTCCATTCTTGCCAAGATTG 

GGCCAAAAGATAAGAAATTTGGAGTGAAAGCTCGAGTTAACGGGGCACTGACTGTGACTCTGAACTTGGTAAAGCAGCAC 

TTTCAGAACTACCGCTTGGTTCTTCCTTGTCTTCAGCTCTTGCGAGTCTATTCTACCAACTCTGTGAACTCAGTATCTTT 

AGGTAAAAATGGAGTTGTGGAGTTGATGTTTAAAATCATTGGGCCATTCAGTAAGAAGAATTCGGGTCTCATGAAGGTTG 

CTTTAGACACTCTTGCTGCATTGCTAAAATCAAAGACAAACGCCAGGAGAGCGGTGGACAGAGGGTACGTTCAAGTGCTT 

CTAACCATCTATGTAGATTGGCACCGGCATGATAATCGGCATAGAAACATGCTCATTCGGAAGGGGATTCTACAGAGCTT 

AAAAAGTGTCACGAACATCAAGTTGGGCAGAAAAGCATTTATTGATGCGAATGGGATGAAAATTCTGTATAACACTTCTC 

AAGAGTGCTTGGCGGTCAGGACTCTTGATCCTCTTGTCAACACATCCAGTCTGATAATGAGAAAATGCTTCCCCAAAAAC 

CGCCTTCCGCTCCCCACCATTAAAAGTTCTTTCCACTTCCAATTGCCAATTATCCCTGTGACTGGACCTGTGGCCCAGCT 

CTACAGCTTGCCGCCTGAAGTGGACGATGTGGTGGACGAGAGTGACGACAACGACGACATTGATTTAGAAGTGGAAAATG 

AACTCGAGAATGAAGATGACCTAGATCAGAGTTTTAAGAATGATGATATTGAAACAGATATTAATAAATTAAGACCTCAG 

CAAGTACCAGGACGAACAATAGAAGAACTAAAAATGTACGAGCACCTTTTCCCCGAGCTTGTTGATGATTTTCAGGACTA 
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TGAACTGATCTCTAAGGAACCCAAACCTTTTGTGTTTGAGGGGAAGGCTCGGGGCCCCATTGTAGTTCCCACAGCTGGAG 

AGGAGGTACCTGGGAATTCAGGGAGCGTAAAGAAAGGAGTGGTAATGAAGGAGAGAGCAAGTCCTAAAGGAGAGGAAGCC 

AAGGAAGACCCTAAGGGCCACGACAGGACACTGCCGCAGCAGCTGGGTGGCCAGAGCAGAGTGGCCCCCTCAGCCCACAG 

CTTCAACAATGATCTTGTGAAGGCCCTAGACCGAATCACACTGCAGAATGTTCCTTCGCAAGTAGCCTCGGGCTTGAACG 

CAGGAATGAGGAAGGACTTTGGTCTCCCTCTCACTGTCCTCTCATGCACGAAAGCTTGTCCTCACGTGGCTAAGTGTGGA 

AGTACTCTCTTTGAAGGGCGGACGGTACATCTTGGGAAGCTGTGTTGTACTGGAGTTGAAACGGAAGATGACGAAGACAC 

TGAGTCCCACTCATCAACAGAGCAGGCCCCCTCTGTTGAAGCCTCTGATGGACCAACACTGCACGACCCAGACCTCTATA 

TTGAGATTGTGAAAAATACGAAGTCCGTTCCAGAATACTCAGAGGTGGCTTATCCTGATTATTTTGGTCACATTCCACCT 

CCCTTCAAAGAGCCTATTTTAGAAAGGCCTTATGGTGTACAAAGGACAAAAATTGCCCAAGACATCGAGAGGCTGATACA 

CCAGAACGATATCATAGACCGCGTGGTGTATGACTTAGACAACCCTACCTATACCACTCCAGAAGAAGGAGATACTTTGA 

AGTTTAACTCAAAATTCGAATCTGGGAATCTGCGCAAAGTAATTCAAATTAGAAAAAGCGAGTACGACCTTATCCTGAAC 

TCTGATATAAACAGTAACCATTACCACCAGTGGTTCTACTTTGAAGTCAGTGGGATGCGGCCTGGTGTGGCATATAGGTT 

CAACATCATCAACTGTGAGAAGTCCAACAGTCAGTTTAATTATGGTATGCAGCCACTTATGTATTCAGTTCAGGAAGCAC 

TAAATGCCAGACCATGGTGGATCCGTATGGGCACTGACATTTGTTACTACAAAAATCACTTCTCACGAAGCTCAGTTGCC 

GCAGGCGGACAGAAGGGCAAGTCCTACTACACCATCACCTTCACCGTGAACTTCCCGCACAAGGACGATGTCTGCTATTT 

CGCCTATCACTATCCATACACGTACTCGACTCTGCAGATGCATCTTCAAAAATTGGAATCGGCACACAATCCTCAACAAA 

TCTATTTTCGAAAAGACGTGTTGTGTGAAACCTTGTCTGGAAACATCTGTCCTTTGGTGACCATAACAGCAATGCCAGAG 

TCCAATTACTATGAACATATCTGTCAGTTCAGAACTCGCCCTTATATTTTCTTGTCTGCTCGGGTCCATCCTGGAGAAAC 

CAATGCAAGCTGGGTAATGAAAGGAACACTGGAGTACCTCATGAGCAATAGCCCGACTGCCCAGAGCCTACGGGAGTCTT 

ACATTTTTAAAATTGTCCCCATGCTAAATCCAGATGGTGTCATCAATGGAAATCACCGCTGCTCCTTAAGTGGAGAGGAT 

TTGAACAGACAGTGGCAAAGTCCAAACCCAGAGTTACACCCCACGATTTATCATGCCAAGGGGCTGCTGCAGTACCTGGC 

CGCGGTGAAGCGCCTACCTCTGGTTTATTGTGATTACCATGGCCATTCTCGAAAAAAGAATGTATTCATGTACGGCTGCA 

GCATCAAAGAGACGGTGTGGCACACCCATGACAACTCGGCTTCCTGTGATATTGTGGAAGACATGGGATACAGGACTTTG 

CCTAAGATACTGAGCCACATTGCTCCGGCATTTTGCATGAGCAGTTGTAGCTTTGTGGTGGAAAAATCTAAAGAATCCAC 

AGCTCGGGTTGTCGTGTGGCGGGAAATTGGAGTTCAGAGGAGCTACACCATGGAGAGTACTTTATGTGGCTGCGATCAGG 

GTAGATACAAGGGTTTACAGATTGGGACTCGAGAATTGGAAGAGATGGGAGCAAAATTTTGTGTTGGTTTATTGCGTTTG 

AAACGACTGACTTCTTCATTGGAATATAATCTGCCCTCCAACCTGCTTGACTTTGAAAATGACTTAATTGAATCAAGCTG 

TAAAGTGACTAGCCCCACCACTTACGTTTTGGATGAAGATGAACCTCGGTTCCTTGAAGAAGTTGATTACAGTGCAGAAA 

GCAATGATGAGTTAGATGTTGAATTAGCGGAGAACACAGGTGATTATGAGCCTTCTGCCCAAGAAGAAGCCCTTTCTGAC 

TCTGAGGTATCAAGAACACACCTGATTTAAGTCGAGGCATGCGGTACCAAGCTTGTCGAGAAGTACTAGAGGATCATAAT 

CAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGA 

ATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAAT 

AAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGATCTGATCACT 

GATATCGCCTAGGAGATCCGAACCAGATAAGTGAAATCTAGTTCCAAACTATTTTGTCATTTTTAATTTTCGTATTAGCT 

TACGACGCTACACCCAGTTCCCATCTATTTTGTCACTCTTCCCTAAATAATCCTTAAAAACTCCATTTCCACCCCTCCCA 

GTTCCCAACTATTTTGTCCGCCCACAGCGGGGCATTTTTCTTCCTGTTATGTTTTTAATCAAACATCCTGCCAACTCCAT 

GTGACAAACCGTCATCTTCGGCTACTTTTTCTCTGTCACAGAATGAAAATTTTTCTGTCATCTCTTCGTTATTAATGTTT 

GTAATTGACTGAATATCAACGCTTATTTGCAGCCTGAATGGCGAATGG 

 

 

Features : 

ColE1 origin      : [1598 : 2226 - CW] 

 

F1 ori            : [447 : 7 - CCW] 

 

M13 origin        : [2 : 457 - CW] 

 

AmpR              : [787 : 1446 - CW] 

 

SV40 late polyA   : [8068 : 7877 - CCW] 

 

Amp prom          : [519 : 547 - CW] 

 

6His              : [4062 : 4079 - CW] 

 

TEV site          : [4101 : 4121 - CW] 

 

ORF_2580          : [4134 : 7790 - CW] 
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> [hCCP1_4218_complete plasmid.xdna - 8404 bp]  

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAA 

ATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATA 

GGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCC 

AAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTC 

CTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGA 

TAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACG 

GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA 

GCAGAGCTGGTTTAGTGAACCGTCGATCCGCTAGCGCTACCGGACTCAGATCTCGAGACCATGAGCAAGTTAAAAGTGAT 

ACCAGAAAAAAGCCTTACCAATAATTCTAGGATCGTAGGACTCCTGGCTCAACTGGAGAAGATCAATGCTGAGCCTTCAG 

AATCAGACACTGCCCGATATGTTACATCAAAAATTCTTCATCTGGCTCAGAGTCAAGAAAAAACAAGGAGAGAAATGACA 

GCCAAAGGTTCTACAGGAATGGAAATTCTGCTGTCAACATTAGAGAACACAAAAGATCTTCAAACTACACTTAATATCTT 

AAGCATTCTTGTTGAGCTGGTGTCAGCTGGTGGAGGTCGAAGAGTGAGTTTCTTAGTCACCAAAGGTGGTTCACAAATAT 

TGTTGCAGTTACTTATGAATGCCAGCAAAGAATCTCCCCCACATGAGGACTTAATGGTACAGATTCATTCTATTCTTGCA 

AAGATTGGACCAAAAGATAAAAAATTTGGAGTAAAGGCTAGAATTAATGGGGCTCTGAATATAACCCTGAATTTGGTCAA 

GCAGAATTTGCAGAATCATCGCTTGGTTCTACCTTGCCTTCAGCTTTTACGAGTATATTCTGCCAACTCTGTGAATTCAG 

TATCCTTAGGGAAAAATGGAGTTGTGGAACTGATGTTTAAAATCATTGGACCATTTAGTAAGAAGAATTCCAGTCTTATA 

AAGGTTGCTTTAGACACTCTTGCTGCATTGCTAAAATCAAAAACAAATGCCAGGAGAGCTGTAGACAGAGGATATGTCCA 

AGTGCTTTTAACAATTTATGTAGATTGGCACCGCCATGATAACCGGCATAGAAACATGCTCATTCGGAAAGGAATTTTAC 

AGAGTTTAAAAAGTGTTACAAACATCAAGTTGGGAAGAAAAGCATTTATTGATGCCAATGGGATGAAAATTCTGTATAAT 

ACTTCGCAAGAATGTCTGGCAGTCAGGACTCTGGATCCTCTTGTCAATACCTCCAGTCTGATAATGAGGAAGTGTTTCCC 

AAAAAATCGACTGCCACTCCCAACAATTAAAAGTTCTTTTCATTTCCAGTTGCCTGTTATTCCTGTGACTGGTCCTGTGG 

CTCAGCTCTACAGCTTACCTCCTGAAGTGGATGACGTAGTAGATGAAAGTGATGACAACGATGATATTGATGTAGAAGCT 

GAAAACGAAACTGAGAATGAAGATGACCTAGATCAAAATTTTAAGAATGATGATATTGAAACAGATATTAACAAACTAAA 

ACCCCAGCAAGAACCGGGACGAACAATAGAAGATCTAAAAATGTATGAACACCTTTTCCCTGAGCTTGTTGATGATTTTC 

AGGACTATGATTTAATCTCCAAAGAACCAAAGCCTTTTGTATTTGAGGGAAAAGTACGTGGTCCTATTGTTGTTCCTACG 

GCAGGCGAGGAAACATCTGGGAATTCTGGCAATTTAAGAAAAGTTGTAATGAAGGAGAACATATCTTCTAAAGGAGATGA 

AGGTGAAAAGAAGTCTACCTTTATGGATCTAGCAAAAGAAGATATTAAAGATAATGATAGAACATTACAACAGCAGCCAG 

GTGATCAAAATAGAACTATTTCATCAGTCCATGGTTTAAACAATGATATTGTAAAGGCCTTGGACCGAATTACATTGCAG 

AATATTCCTTCTCAAACAGCCCCAGGTTTTACTGCAGAAATGAAGAAGGACTGCAGTCTTCCTCTTACTGTCCTTACCTG 

TGCTAAAGCATGTCCACACATGGCTACTTGTGGAAATGTTCTGTTTGAGGGAAGAACAGTTCAGCTAGGGAAGCTTTGCT 

GCACTGGAGTTGAAACTGAAGATGATGAAGATACTGAGTCAAATTCATCGGTAGAACAAGCATCGGTTGAAGTACCTGAT 

GGACCAACACTCCATGACCCAGACCTCTATATTGAGATTGTGAAAAATACGAAGTCTGTCCCAGAATATTCAGAGGTGGC 

TTATCCCGATTATTTTGGTCACATTCCGCCTCCATTCAAAGAGCCTATTTTAGAAAGGCCTTATGGTGTACAAAGGACAA 

AAATTGCTCAAGATATTGAAAGGCTAATACATCAGAGTGATATCATAGATCGTGTGGTATATGACTTGGATAACCCAAAT 

TACACCATTCCAGAAGAGGGAGATATTTTGAAATTTAACTCCAAATTTGAGTCTGGGAATCTGCGCAAAGTAATTCAAAT 

TAGAAAAAATGAATATGATCTTATTCTGAACTCAGACATAAACAGCAATCATTATCATCAGTGGTTTTACTTTGAAGTCA 

GTGGAATGCGACCAGGTGTTGCTTACAGGTTTAACATCATTAACTGTGAAAAGTCCAACAGTCAGTTTAATTATGGTATG 

CAACCACTCATGTATTCGGTTCAGGAAGCATTAAATGCCAGACCATGGTGGATTCGTATGGGGACTGACATTTGTTACTA 

TAAAAATCATTTCTCAAGAAGTTCAGTTGCTGCAGGTGGGCAAAAGGGAAAATCCTACTATACAATTACATTTACTGTCA 

ATTTTCCACATAAAGATGATGTTTGCTACTTTGCTTATCACTATCCATATACGTATTCAACTTTACAGATGCATCTTCAA 

AAATTGGAATCAGCACACAATCCTCAGCAAATCTATTTTCGGAAAGATGTGTTATGTGAAACCCTGTCTGGAAACAGCTG 

CCCCTTGGTGACTATAACAGCAATGCCAGAGTCTAATTATTATGAACATATCTGCCATTTCAGAAATCGCCCTTACGTTT 

TCTTGTCTGCTCGGGTACATCCTGGAGAAACTAATGCAAGTTGGGTTATGAAAGGAACGTTGGAATATCTCATGAGCAAT 

AACCCCACTGCTCAGAGCTTACGAGAATCTTATATTTTTAAAATTGTCCCTATGTTAAATCCAGATGGTGTCATCAATGG 

AAATCATCGCTGTTCTTTAAGTGGAGAGGATTTGAATAGGCAGTGGCAAAGTCCAAGTCCGGATTTACATCCTACAATTT 

ACCATGCTAAGGGGCTGTTGCAATACTTGGCTGCAGTGAAGCGTTTACCCTTGGTTTATTGTGATTATCATGGCCATTCC 

CGAAAGAAGAATGTATTTATGTATGGTTGCAGCATCAAAGAGACAGTGTGGCATACCAATGATAATGCAACTTCATGTGA 

TGTTGTGGAGGATACGGGATACAGGACATTGCCTAAGATACTGAGCCATATCGCCCCAGCATTTTGCATGAGCAGCTGTA 

GCTTCGTAGTGGAAAAATCTAAAGAATCCACAGCACGTGTTGTAGTTTGGAGGGAAATAGGAGTACAAAGAAGTTATACC 

ATGGAGAGTACTTTATGTGGCTGTGATCAGGGAAAATACAAGGGTTTACAGATTGGTACCCGAGAACTGGAAGAGATGGG 

AGCAAAATTTTGTGTTGGTCTTTTACGTTTGAAAAGACTGACCTCTCCATTGGAGTATAATCTGCCTTCCAGCCTGCTTG 

ACTTTGAAAATGATTTAATTGAATCAAGCTGCAAAGTAACTAGCCCTACCACTTATGTCTTGGATGAAGATGAACCTCGA 

TTCCTTGAAGAAGTTGATTACAGTGCAGAAAGTAATGATGAGTTAGATATTGAGTTGGCTGAAAATGTAGGAGATTATGA 

ACCTTCTGCTCAAGAAGAAGTACTTTCTGACTCTGAATTATCAAGAACATACCTACCTGGATCCAAAGATAGAGCTGGAG 

CAGAGTTTCGTGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTC 

GAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGAC 

CCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAGT 

GCTTCGCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGC 

ACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCAT 

CGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACG 

TCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTG 

CAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCTA 

CCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCA 

CTCTCGGCATGGACGAGCTGTACAAGTAAAGCGGccgcGACTCTAGATCATAATCAGCCATACCACATTTGTAGAGGTTT 

TACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTT 

ATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAG 

TTGTGGTTTGTCCAAACTCATCAATGTATCTTAAGGCGTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAAT 

TTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGAT 
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AGGGTTGAGTGTTGTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCG 

TCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAAT 

CGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGC 

GAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGC 

CGCTACAGGGCGCGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCA 

AATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTCCTGAGGCGGAAAG 

AACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCA 

TCTCAATTAGTCAGCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATT 

AGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCAT 

GGCTGACTAATTTTTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTT 

TTTTGGAGGCCTAGGCTTTTGCAAAGATCGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTG 

CACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGC 

CGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGC 

AAGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCG 

GGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATC 

CATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCA 

TCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCA 

GCCGAACTGTTCGCCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCC 

GAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACA 

TAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCC 

GCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACC 

GACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGT 

TTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCTAGGGGGAGGCTAA 

CTGAAACACGGAAGGAGACAATACCGGAAGGAACCCGCGCTATGACGGCAATAAAAAGACAGAATAAAACGCACGGTGTT 

GGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCA 

ATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGG 

CGGCAGGCCCTGCCATAGCCTCAGGTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATC 

TAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGT 

AGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTAC 

CAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCA 

AATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCT 

AATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATA 

AGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATAC 

CTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGG 

AACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGAC 

TTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTC 

CTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCAT 

GCAT 

 

 

Features : 

ColE1 origin          : [7680 : 8308 - CW] 

 

F1 ori                : [5330 : 5770 - CW] 

 

Kan/neoR              : [6303 : 7094 - CW] 

 

SV40 early promoter   : [6069 : 6265 - CW] 

 

EYFP                  : [4353 : 5066 - CW] 

 

Amp prom              : [5837 : 5865 - CW] 

 

SV40 ORI              : [6116 : 6193 - CW] 

 

ORF_4218              : [621 : 4298 - CW] 



169 
 

 
 

  



170 
 

> [mCCP6_3329_complete plasmid.xdna - 6215 bp]  

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAA 

ATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATA 

GGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCC 

AAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTC 

CTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGA 

TAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACG 

GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA 

GCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGCGCTACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCA 

CCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGC 

GATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGAC 

CACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGC 

CCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAG 

GGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGA 

GTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC 

ACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTG 

CCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGA 

GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTACTCAGATCTCGAGCTCGCCATGGCGGAGC 

GGAGCCAGACAGCGCCAGAGGCAGGCAATGATACAGGAAATGAGGATGCCATTGGAGGGAATGTGAACAAATACATAGTG 

CTTCCAAATGGATACTCTGGACAGCCCAAGAAAGGACATCTTACCTTTGATGCTTGCTTTGAAAGTGGTAACCTCGGCCG 

GGTTGAGCAAGTCTCTGATTTTGAGTATGATCTGTTCATTAGGCCGGACACCTGTAATCCACGCTTCCGAGTCTGGTTCA 

ACTTTACTGTTGAAAATGTGAAAGAATTGCAGAGGGTAATTTTCAACATTGTTAACTTCAGTAAAACCAAGAGTCTTTAC 

CGAGATGGGATGGCACCAATGGTGAAATCTACCAGCAGACCAAAATGGCAAAGACTACCACCAAAAAACGTTTATTACTA 

TCGCTGCCCAGACCACAGGAAGAACTATGTGATGTCCTTTGCATTCTGTTTTGACCGAGAAGATGATATCTACCAGTTTG 

CTTACTGCTACCCTTATACATATACTCGCTTCCAGCATTACCTCGACAGCTTACAAAAGAAAAACATGGATTATTTCTTC 

CGGGAACAGCTTGGACAGAGTGTGCAACAGCGGCAGCTTGACCTCCTGACGATAACCAGCCCGGAGAATCTCCGTGAAGG 

GTCAGAAAAGAAGGTGATATTCATCACAGGGCGAGTCCACCCAGGGGAAACGCCATCTTCATTTGTGTGCCAAGGAATCA 

TCGACTTCCTTGTAAGTCAGCATCCAATTGCCCGTGTCCTACGAGAACATTTAGTCTTCAAGATTGCTCCAATGCTCAAC 

CCTGATGGAGTTTACCTGGGCAACTACAGGTGTTCCCTGATGGGGTTTGACCTGAATCGTCACTGGCTGGATCCCTCTCC 

ATGGGCCCATCCCACCCTGCATGGAGTGAAACAGCTTATTATCAAGATGTACAATGACCCAAAAACAAGCCTGGAGTTCT 

ATATTGACATCCACGCTCACTCCACCATGATGAATGGCTTCATGTACGGCAATATCTTTGAGGATGAGGAACGGTTCCAA 

AGGCAGTCCATTTTTCCAAAACTCCTTTGCCAGAATGCCGAGGACTTCTCCTATACTAGCACATCCTTCAACAGGGATGC 

TGTGAAAGCAGGAACTGGCCGGCGCTTCCTGGGCGGGCTTCTGGACCACTCATCATACTGCTATACCCTAGAGGTTTCCT 

TCTACAGCTACATCATTGGGGGTACTACAGCTGCAGTGCCCTACACTGAAGAAGCCTATATGAAACTGGGACGGAACGTG 

GCAAGAACATTTCTAGATTATTACCGGCTGAACTCCCTGGTTGAGAAGATAGCAGTCCCCATGCCAAGACTTCGGAAAGA 

AAAAGCCCCTCCTTGCAAGCACCCACCCCCAAGGGGCTCAACCAGCAACGTCTCCATTGGCAAAGGGGACAAGAAGAACT 

CACTGAACCACAAAGACCCATCAACCCCCTTTTAAAGACATGGCGCCAGGAGGTCGACGGTACCGCGGGCCCGGGATCCA 

CCGGATCTAGATAACTGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTC 

CCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAG 

CAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTAT 

CTTAACGCGTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCA 

ATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA 

AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAA 

CCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAG 

AGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAA 

GTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCACTTTT 

CGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACC 

CTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTCCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGG 

GTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAA 

AGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACT 

CCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGA 

GGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAGATC 

GATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGA 

GAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGC 

GCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAAGACGAGGCAGCGCGGCTATCGTGGCTG 

GCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGT 

GCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGC 

ATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCC 

GGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGAG 

CATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTT 

CTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAA 

GAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTA 

TCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACG 

AGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCC 

AGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCTAGGGGGAGGCTAACTGAAACACGGAAGGAGACAATACCGGAA 

GGAACCCGCGCTATGACGGCAATAAAAAGACAGAATAAAACGCACGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCG 

GTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCAATACGCCCGCGTTTCTTCCTTTTCCCCAC 

CCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCCTCAGGTTAC 

TCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCAT 
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GACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATC 

CTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAG 

CTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTT 

AGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTG 

GCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGT 

TCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCAC 

GCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAG 

GGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCA 

GGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACAT 

GTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCATGCAT 

 

 

Features : 

ColE1 origin          : [5491 : 6119 - CW] 

 

F1 ori                : [3141 : 3581 - CW] 

 

Kan/neoR              : [4114 : 4905 - CW] 

 

SV40 early promoter   : [3880 : 4076 - CW] 

 

EGFP                  : [616 : 1329 - CW] 

 

Amp prom              : [3648 : 3676 - CW] 

 

SV40 ORI              : [3927 : 4004 - CW] 

 

ORF_3329              : [1351 : 2835 - CW] 
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> [mCCP6_ex14_mut_3058_complete plasmid.xdna - 6215 bp]  

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAA 

ATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATA 

GGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCC 

AAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTC 

CTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGA 

TAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACG 

GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA 

GCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGCGCTACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCA 

CCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGC 

GATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGAC 

CACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGC 

CCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAG 

GGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGA 

GTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC 

ACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTG 

CCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGA 

GTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTACTCAGATCTCGAGCTCGCCATGGCGGAGC 

GGAGCCAGACAGCGCCAGAGGCAGGCAATGATACAGGAAATGAGGATGCCATTGGAGGGAATGTGAACAAATACATAGTG 

CTTCCAAATGGATACTCTGGACAGCCCAAGAAAGGACATCTTACCTTTGATGCTTGCTTTGAAAGTGGTAACCTCGGCCG 

GGTTGAGCAAGTCTCTGATTTTGAGTATGATCTGTTCATTAGGCCGGACACCTGTAATCCACGCTTCCGAGTCTGGTTCA 

ACTTTACTGTTGAAAATGTGAAAGAATTGCAGAGGGTAATTTTCAACATTGTTAACTTCAGTAAAACCAAGAGTCTTTAC 

CGAGATGGGATGGCACCAATGGTGAAATCTACCAGCAGACCAAAATGGCAAAGACTACCACCAAAAAACGTTTATTACTA 

TCGCTGCCCAGACCACAGGAAGAACTATGTGATGTCCTTTGCATTCTGTTTTGACCGAGAAGATGATATCTACCAGTTTG 

CTTACTGCTACCCTTATACATATACTCGCTTCCAGCATTACCTCGACAGCTTACAAAAGAAAAACATGGATTATTTCTTC 

CGGGAACAGCTTGGACAGAGTGTGCAACAGCGGCAGCTTGACCTCCTGACGATAACCAGCCCGGAGAATCTCCGTGAAGG 

GTCAGAAAAGAAGGTGATATTCATCACAGGGCGAGTCTCCCCAGGGCAAACGCCATCTTCATTTGTGTGCCAAGGAATCA 

TCGACTTCCTTGTAAGTCAGCATCCAATTGCCCGTGTCCTACGAGAACATTTAGTCTTCAAGATTGCTCCAATGCTCAAC 

CCTGATGGAGTTTACCTGGGCAACTACAGGTGTTCCCTGATGGGGTTTGACCTGAATCGTCACTGGCTGGATCCCTCTCC 

ATGGGCCCATCCCACCCTGCATGGAGTGAAACAGCTTATTATCAAGATGTACAATGACCCAAAAACAAGCCTGGAGTTCT 

ATATTGACATCCACGCTCACTCCACCATGATGAATGGCTTCATGTACGGCAATATCTTTGAGGATGAGGAACGGTTCCAA 

AGGCAGTCCATTTTTCCAAAACTCCTTTGCCAGAATGCCGAGGACTTCTCCTATACTAGCACATCCTTCAACAGGGATGC 

TGTGAAAGCAGGAACTGGCCGGCGCTTCCTGGGCGGGCTTCTGGACCACTCATCATACTGCTATACCCTAGAGGTTTCCT 

TCTACAGCTACATCATTGGGGGTACTACAGCTGCAGTGCCCTACACTGAAGAAGCCTATATGAAACTGGGACGGAACGTG 

GCAAGAACATTTCTAGATTATTACCGGCTGAACTCCCTGGTTGAGAAGATAGCAGTCCCCATGCCAAGACTTCGGAAAGA 

AAAAGCCCCTCCTTGCAAGCACCCACCCCCAAGGGGCTCAACCAGCAACGTCTCCATTGGCAAAGGGGACAAGAAGAACT 

CACTGAACCACAAAGACCCATCAACCCCCTTTTAAAGACATGGCGCCAGGAGGTCGACGGTACCGCGGGCCCGGGATCCA 

CCGGATCTAGATAACTGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTC 

CCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAG 

CAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTAT 

CTTAACGCGTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCA 

ATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACA 

AGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAA 

CCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAG 

AGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAA 

GTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCACTTTT 

CGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACC 

CTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTCCTGAGGCGGAAAGAACCAGCTGTGGAATGTGTGTCAGTTAGG 

GTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAGGTGTGGAA 

AGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACT 

CCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTTATTTATGCAGA 

GGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAGATC 

GATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGA 

GAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGC 

GCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAAGACGAGGCAGCGCGGCTATCGTGGCTG 

GCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGT 

GCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGC 

ATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCC 

GGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCGCCAGGCTCAAGGCGAG 

CATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTT 

CTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAA 

GAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTA 

TCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACG 

AGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCC 

AGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCTAGGGGGAGGCTAACTGAAACACGGAAGGAGACAATACCGGAA 

GGAACCCGCGCTATGACGGCAATAAAAAGACAGAATAAAACGCACGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCG 

GTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCAATACGCCCGCGTTTCTTCCTTTTCCCCAC 

CCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCCTCAGGTTAC 

TCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCAT 
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GACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATC 

CTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAG 

CTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTT 

AGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTG 

GCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGT 

TCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCAC 

GCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAG 

GGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCA 

GGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACAT 

GTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCATGCAT 

 

 

Features : 

ColE1 origin          : [5491 : 6119 - CW] 

 

F1 ori                : [3141 : 3581 - CW] 

 

Kan/neoR              : [4114 : 4905 - CW] 

 

SV40 early promoter   : [3880 : 4076 - CW] 

 

EGFP                  : [616 : 1329 - CW] 

 

Amp prom              : [3648 : 3676 - CW] 

 

SV40 ORI              : [3927 : 4004 - CW] 

 

ORF_3058              : [1351 : 2835 - CW] 
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> [mCCP6_3269_complete plasmid.xdna - 6276 bp]  

GACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCT 

AGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGC 

TCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGG 

CCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGG 

AACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATG 

AGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGTTTACAATTTCAGGTGGCACTTTTCGGGGAAAT 

GTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAAT 

GCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTT 

GCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTAC 

ATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAA 

AGTTCTGCTATGTGGCGCGGTATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGA 

ATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCC 

ATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCA 

CAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACA 

CCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAA 

TTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGA 

TAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAG 

TTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAG 

CATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTA 

GGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAG 

AAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCA 

GCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAA 

TACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAA 

TCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAG 

GCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCT 

ACAGCGTGAGCATTGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAA 

CAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTT 

GAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCT 

GGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCTTTG 

AGTGAGCTGATACCGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCCTGATG 

CGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCAGACCAGCCGCGTAACCTGGCAAAATCGGTTACGGTTG 

AGTAATAAATGGATGCCCTGCGTAAGCGGGTGTGGGCGGACAATAAAGTCTTAAACTGAACAAAATAGATCTAAACTATG 

ACAATAAAGTCTTAAACTAGACAGAATAGTTGTAAACTGAAATCAGTCCAGTTATGCTGTGAAAAAGCATACTGGACTTT 

TGTTATGGCTAAAGCAAACTCTTCATTTTCTGAAGTGCAAATTGCCCGTCGTATTAAAGAGGGGCGTGGCCAAGGGCATG 

GTAAAGACTATATTCGCGGCGTTGTGACAATTTACCGAACAACTCCGCGGCCGGGAAGCCGATCTCGGCTTGAACGAATT 

GTTAGGTGGCGGTACTTGGGTCGATATCAAAGTGCATCACTTCTTCCCGTATGCCCAACTTTGTATAGAGAGCCACTGCG 

GGATCGTCACCGTAATCTGCTTGCACGTAGATCACATAAGCACCAAGCGCGTTGGCCTCATGCTTGAGGAGATTGATGAG 

CGCGGTGGCAATGCCCTGCCTCCGGTGCTCGCCGGAGACTGCGAGATCATAGATATAGATCTCACTACGCGGCTGCTCAA 

ACCTGGGCAGAACGTAAGCCGCGAGAGCGCCAACAACCGCTTCTTGGTCGAAGGCAGCAAGCGCGATGAATGTCTTACTA 

CGGAGCAAGTTCCCGAGGTAATCGGAGTCCGGCTGATGTTGGGAGTAGGTGGCTACGTCTCCGAACTCACGACCGAAAAG 

ATCAAGAGCAGCCCGCATGGATTTGACTTGGTCAGGGCCGAGCCTACATGTGCGAATGATGCCCATACTTGAGCCACCTA 

ACTTTGTTTTAGGGCGACTGCCCTGCTGCGTAACATCGTTGCTGCTGCGTAACATCGTTGCTGCTCCATAACATCAAACA 

TCGACCCACGGCGTAACGCGCTTGCTGCTTGGATGCCCGAGGCATAGACTGTACAAAAAAACAGTCATAACAAGCCATGA 

AAACCGCCACTGCGCCGTTACCACCGCTGCGTTCGGTCAAGGTTCTGGACCAGTTGCGTGAGCGCATACGCTACTTGCAT 

TACAGTTTACGAACCGAACAGGCTTATGTCAACTGGGTTCGTGCCTTCATCCGTTTCCACGGTGTGCGTCACCCGGCAAC 

CTTGGGCAGCAGCGAAGTCGAGGCATTTCTGTCCTGGCTGGCGAACGAGCGCAAGGTTTCGGTCTCCACGCATCGTCAGG 

CATTGGCGGCCTTGCTGTTCTTCTACGGCAAGGTGCTGTGCACGGATCTGCCCTGGCTTCAGGAGATCGGAAGACCTCGG 

CCGTCGCGGCGCTTGCCGGTGGTGCTGACCCCGGATGAAGTGGTTCGCATCCTCGGTTTTCTGGAAGGCGAGCATCGTTT 

GTTCGCCCAGGACTCTAGCTATAGTTCTAGTGGTTGGCTACGTATACTCCGGAATATTAATAGATCATGGAGATAATTAA 

AATGATAACCATCTCGCAAATAAATAAGTATTTTACTGTTTTCGTAACAGTTTTGTAATAAAAAAACCTATAAATATTCC 

GGATTATTCATACCGTCCCACCATCGGGCGCGGATCTCGGTCCGAAACCATGTCGTACTACCATCACCATCACCATCACG 

ATTACGATATCCCAACGACCGAAAACCTGTATTTTCAGGGCGCCATGGGATCTATGGCGGAGCGGAGCCAGACAGCGCCA 

GAGGCAGGCAATGATACAGGAAATGAGGATGCCATTGGAGGGAATGTGAACAAATACATAGTGCTTCCAAATGGATACTC 

TGGACAGCCCAAGAAAGGACATCTTACCTTTGATGCTTGCTTTGAAAGTGGTAACCTCGGCCGGGTTGAGCAAGTCTCTG 

ATTTTGAGTATGATCTGTTCATTAGGCCGGACACCTGTAATCCACGCTTCCGAGTCTGGTTCAACTTTACTGTTGAAAAT 

GTGAAAGAATTGCAGAGGGTAATTTTCAACATTGTTAACTTCAGTAAAACCAAGAGTCTTTACCGAGATGGGATGGCACC 

AATGGTGAAATCTACCAGCAGACCAAAATGGCAAAGACTACCACCAAAAAACGTTTATTACTATCGCTGCCCAGACCACA 

GGAAGAACTATGTGATGTCCTTTGCATTCTGTTTTGACCGAGAAGATGATATCTACCAGTTTGCTTACTGCTACCCTTAT 

ACATATACTCGCTTCCAGCATTACCTCGACAGCTTACAAAAGAAAAACATGGATTATTTCTTCCGGGAACAGCTTGGACA 

GAGTGTGCAACAGCGGCAGCTTGACCTCCTGACGATAACCAGCCCGGAGAATCTCCGTGAAGGGTCAGAAAAGAAGGTGA 

TATTCATCACAGGGCGAGTCCACCCAGGGGAAACGCCATCTTCATTTGTGTGCCAAGGAATCATCGACTTCCTTGTAAGT 

CAGCATCCAATTGCCCGTGTCCTACGAGAACATTTAGTCTTCAAGATTGCTCCAATGCTCAACCCTGATGGAGTTTACCT 

GGGCAACTACAGGTGTTCCCTGATGGGGTTTGACCTGAATCGTCACTGGCTGGATCCCTCTCCATGGGCCCATCCCACCC 

TGCATGGAGTGAAACAGCTTATTATCAAGATGTACAATGACCCAAAAACAAGCCTGGAGTTCTATATTGACATCCACGCT 

CACTCCACCATGATGAATGGCTTCATGTACGGCAATATCTTTGAGGATGAGGAACGGTTCCAAAGGCAGTCCATTTTTCC 

AAAACTCCTTTGCCAGAATGCCGAGGACTTCTCCTATACTAGCACATCCTTCAACAGGGATGCTGTGAAAGCAGGAACTG 

GCCGGCGCTTCCTGGGCGGGCTTCTGGACCACTCATCATACTGCTATACCCTAGAGGTTTCCTTCTACAGCTACATCATT 

GGGGGTACTACAGCTGCAGTGCCCTACACTGAAGAAGCCTATATGAAACTGGGACGGAACGTGGCAAGAACATTTCTAGA 
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TTATTACCGGCTGAACTCCCTGGTTGAGAAGATAGCAGTCCCCATGCCAAGACTTCGGAAAGAAAAAGCCCCTCCTTGCA 

AGCACCCACCCCCAAGGGGCTCAACCAGCAACGTCTCCATTGGCAAAGGGGACAAGAAGAACTCACTGAACCACAAAGAC 

CCATCAACCCCCTTTTAACTCGAGGCATGCGGTACCAAGCTTGTCGAGAAGTACTAGAGGATCATAATCAGCCATACCAC 

ATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTG 

TTGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTT 

TCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGGATCTGATCACTGATATCGCCTAG 

GAGATCCGAACCAGATAAGTGAAATCTAGTTCCAAACTATTTTGTCATTTTTAATTTTCGTATTAGCTTACGACGCTACA 

CCCAGTTCCCATCTATTTTGTCACTCTTCCCTAAATAATCCTTAAAAACTCCATTTCCACCCCTCCCAGTTCCCAACTAT 

TTTGTCCGCCCACAGCGGGGCATTTTTCTTCCTGTTATGTTTTTAATCAAACATCCTGCCAACTCCATGTGACAAACCGT 

CATCTTCGGCTACTTTTTCTCTGTCACAGAATGAAAATTTTTCTGTCATCTCTTCGTTATTAATGTTTGTAATTGACTGA 

ATATCAACGCTTATTTGCAGCCTGAATGGCGAATGG 

 

 

Features : 

ColE1 origin      : [1598 : 2226 - CW] 

 

F1 ori            : [447 : 7 - CCW] 

 

M13 origin        : [2 : 457 - CW] 

 

AmpR              : [787 : 1446 - CW] 

 

SV40 late polyA   : [5896 : 5705 - CCW] 

 

Amp prom          : [519 : 547 - CW] 

 

6His              : [4062 : 4079 - CW] 

 

TEV site          : [4101 : 4121 - CW] 

 

ORF_3269          : [4134 : 5618 - CW] 
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> [hCCP6_4099_complete plasmid.xdna - 6551 bp]  

TAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAA 

ATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATA 

GGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCC 

AAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTC 

CTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGA 

TAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACG 

GGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA 

GCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGCGCTACCGGACTCAGATCTCGAGACCATGGCGGAGGGGAGCCAGT 

CGGCGCCTGAGGCAGGCAATGATATGGGAAATGATGATGCCATTGGAGGGAATGTGAGCAAATATATAGTGCTTCCAACT 

GGCTATTGTGGACAGCCCAAGAAAGGACATCTTATCTTTGATGCTTGCTTTGAAAGTGGTAACCTGGGCCGGGTGGACCA 

GGTCTCTGAGTTTGAGTATGATCTGTTCATTAGGCCGGACACCTGTAATCCACGCTTCCGAGTCTGGTTCAACTTTACTG 

TTGAAAATGTGAAAGAATCACAGAGGGTCATTTTCAACATTGTTAACTTCAGTAAAACCAAGAGTCTCTATAGAGATGGG 

ATGGCCCCTATGGTGAAATCTACCAGCAGACCAAAATGGCAAAGGCTGCCACCCAAAAATGTTTACTACTACCGCTGCCC 

GGACCATAGGAAGAACTATGTGATGTCCTTTGCCTTTTGTTTTGACCGAGAAGAAGATATTTACCAGTTTGCTTACTGCT 

ACCCATATACATACACTCGCTTCCAACATTACCTTGACAGCCTGCAAAAGAGAAACATGGATTACTTCTTTCGGGAGCAG 

CTGGGCCAGAGTGTGCAACAACGAAAGCTTGACCTCCTGACGATAACCAGCCCTGACAATCTCCGGGAAGGGGCAGAGCA 

GAAGGTGGTATTCATCACAGGACGAGTCCACCCAGGGGAAACACCCTCATCATTTGTGTGCCAAGGGATCATTGACTTCC 

TTGTAAGCCAGCACCCTATTGCCTGTGTCCTCCGGGAATACCTGGTCTTCAAGATCGCACCAATGCTCAATCCTGATGGA 

GTCTACCTGGGCAATTACAGGTGTTCTCTGATGGGATTTGATCTGAATCGTCACTGGCTGGATCCCTCTCCATGGGTCCA 

TCCTACCCTGCATGGAGTGAAACAACTCATCGTCCAGATGTACAACGACCCAAAAACAAGCCTGGAGTTTTATATTGACA 

TCCATGCCCACTCCACCATGATGAATGGCTTCATGTATGGCAACATCTTTGAGGATGAGGAACGGTTCCAGAGGCAGGCC 

ATTTTTCCCAAGCTCCTCTGCCAGAATGCTGAGGACTTCTCCTATTCCAGCACATCCTTTAACCGGGACGCTGTGAAAGC 

AGGAACTGGCCGTCGCTTCCTCGGTGGACTCCTGGACCACACTTCCTATTGCTACACCCTAGAGGTCTCCTTCTACAGCT 

ACATCATCAGTGGCACCACGGCTGCTGTGCCCTACACTGAAGAAGCCTATATGAAGCTGGGGCGGAATGTGGCAAGAACC 

TTTTTGGACTATTATCGGCTGAACCCCGTGGTTGAAAAGGTGGCAATTCCCATGCCGAGACTGCGAAATAAAGAAATAGA 

AGTCCAGAGAAGGAAAGAAAAATCCCCTCCTTACAAGCACCCACTCCTGCGGGGCCCAGCCAGCAACTACCCCAACAGCA 

AAGGGGACAAGAAGAGCTCAGTGAACCACAAAGACCCTTCAACCCCTTTTAGATCCAAAGATAGAGCTGGAGCAGAGTTT 

CGTGATCCACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCTCAATGGG 

AGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAG 

GCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGAACCGTCAGATCCGCTAGCGCTACCGGACTCAGATct 

cgagCTCAAGCTTCGAATTCTGCAGTCGACGGTACCGCGGGCCCGggaTCCAAAGATAGAGCTGGAGCAGAGTTTCGtga 

tccACCGGTCGCCACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTGGACGGCG 

ACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATC 

TGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCTTCGGCTACGGCCTGCAGTGCTTCGCCCGCTA 

CCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCA 

AGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGC 

ATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGC 

CGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACC 

ACTACCAGCAGAACACCCCCATCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCTACCAGTCCGCCCTG 

AGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGA 

CGAGCTGTACAAGTAAAGCGGccgcGACTCTAGATCATAATCAGCCATACCACATTTGTAGAGGTTTTACTTGCTTTAAA 

AAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTGTTTATTGCAGCTTATA 

ATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCC 

AAACTCATCAATGTATCTTAAGGCGTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCA 

GCTCATTTTTTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTT 

GTTCCAGTTTGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGA 

TGGCCCACTACGTGAACCATCACCCTAATCAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAG 

GGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCGAACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGC 

GCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGC 

GTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGC 

TCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTCCTGAGGCGGAAAGAACCAGCTGTGGA 

ATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCA 

GCAACCAGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCAT 

AGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTT 

TTTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTA 

GGCTTTTGCAAAGATCGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTC 

CGGCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGG 

CTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAAGACGAGGCAGC 

GCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGC 

TGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGAT 

GCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACATCGCATCGAGCGAGCACG 

TACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGTTCG 

CCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTG 

GAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTAC 

CCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGC 

AGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGC 

CCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCC 

GGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCTAGGGGGAGGCTAACTGAAACACGGAA 
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GGAGACAATACCGGAAGGAACCCGCGCTATGACGGCAATAAAAAGACAGAATAAAACGCACGGTGTTGGGTCGTTTGTTC 

ATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCAATACGCCCGCGTT 

TCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGC 

CATAGCCTCAGGTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCC 

TTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAA 

GGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTG 

TTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTC 

TAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCA 

GTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTC 

GGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGC 

TATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGC 

ACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATT 

TTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCT 

GGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCATGCAT 

 

 

Features : 

ColE1 origin          : [5827 : 6455 - CW] 

 

F1 ori                : [3477 : 3917 - CW] 

 

Kan/neoR              : [4450 : 5241 - CW] 

 

SV40 early promoter   : [4216 : 4412 - CW] 

 

EYFP                  : [2500 : 3213 - CW] 

 

Amp prom              : [3984 : 4012 - CW] 

 

SV40 ORI              : [4263 : 4340 - CW] 

 

ORF_4099              : [622 : 2304 - CW] 
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