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Commercial materials 

All restriction enzymes, T4 DNA ligase and Gibson Assembly reagents were purchased from New 

England Biolabs (NEB). KOD One PCR Master Mix was purchased from Toyobo. Luria–Bertani 

(LB) broth, tryptone, yeast extract, glycerol, sodium chloride, potassium phosphate, hydrochloric 

acid, glucose, sodium sulfate, glycine, ethyl acetate, hexanes, methanol, acetonitrile and formic 

acid were purchased from Fisher Scientific. Sodium citrate dihydrate was purchased from VWR. 

Methylmalonic acid and malonic acid were purchased from Oakwood Chemical. Polypeptone was 

purchased from Gibco. Isopropyl β-D-1-thiogalactopyranoside (IPTG) was purchased from 

Carbosynth. Milk filters were purchased from KenAG. Plasmid minipreps and gel extractions were 

performed using Promega Wizard SV kits. 3,5-dihydroxybenzoic acid, streptomycin sulfate, 

kanamycin sulfate, chloramphenicol, magnesium chloride, malonyl coenzyme A lithium salt, 

sodium propionate, myokinase, pyruvate kinase, phosphoenolpyruvate (PEP), adenosine 

triphosphate (ATP) and imidazole were purchased from Sigma-Aldrich. Coenzyme A, NADP⁺ and 

NADPH were purchased from Oriental Yeast Co., Ltd. HisPur Ni-NTA affinity resin, 4–20% Tris-

glycine mini protein gels, tris(2-carboxyethyl)phosphine hydrochloride (TCEP-HCl) and 

chloroform-d were purchased from Thermo Fisher Scientific. SiliaFlash F60 was purchased from 

SiliCycle. Mono Q 5/50 and Superdex 200 Increase 10/300 columns were purchased from GE 

Healthcare. All plasmids and oligonucleotides used in this study are listed in Tables S1 and S2. 

 

Bacterial strains 

E. coli DH5α was used for plasmid construction. E. coli BL21(DE3) Star pLysS cells were used 

for expression of malonyl-CoA synthetase (MatB), glucose dehydrogenase (GDH), and (2S)-

methylmalonyl-CoA epimerase. E. coli K207-3 cells were used for expression of PKS assembly-

line polypeptides. 

 

Construction of protein expression plasmids 

The two-plasmid system previously reported by our laboratory for production of narbonolide (1) 

in E. coli K207-3 was used as the template for constructing the expression plasmids for each 

polypeptide in NAR1 (Table S3)¹. Thioesterase II (PikAV) and the P3, P5 and P6 docking domains 

used for construction of NAR2 were cloned from Streptomyces venezuelae ATCC 15439 genomic 

DNA, whereas the E6-derived region used for hybrid-platform construction was cloned from 
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Saccharopolyspora erythraea genomic DNA. Oligonucleotides used in this study were purchased 

from Sigma-Aldrich and are listed in Tables S1 and S2. PCR amplification was performed using 

KOD One DNA polymerase according to the manufacturer’s instructions. Amplified PCR 

products were assembled using Gibson Assembly or ligated using T4 DNA ligase. The resulting 

plasmids were transformed into E. coli DH5α, purified and submitted for DNA sequencing by 

Plasmidsaurus. 

 

Protein purification 

Plasmids (Tables S1 and S2) were transformed into E. coli K207-3 for expression of PKS 

polypeptides. Each transformant was pre-cultured for 6 h at 37 °C and 240 rpm in 5 mL of LB 

medium containing the appropriate antibiotics. A 1% seed culture was inoculated into 0.3–2 L of 

Terrific Broth (TB) medium [1.2% tryptone, 2.4% yeast extract, 0.56% (w/v) glycerol, 1.25% 

K2HPO4 and 0.23% KH2PO4] supplemented with the appropriate antibiotics and grown at 37 °C 

until the OD₆₀₀ reached 0.4–0.6. The phosphate salts, K2HPO4 and KH2PO4, were autoclaved 

separately from the other medium components and added after cooling. Cultures were cooled on 

ice for 10 min, induced with 100 µM IPTG and further incubated at 16 °C overnight. 

Cells were harvested by centrifugation at 4 °C and 4,000 × g for 20 min, washed with 20 mL of 

lysis buffer [50 mM phosphate buffer, 500 mM NaCl, 20 mM imidazole and 10% (v/v) glycerol, 

pH 7.5], and centrifuged again under the same conditions. The washed cell pellet was resuspended 

in lysis buffer supplemented with 1 mM TCEP and lysed by sonication on ice. Cell debris was 

removed by centrifugation at 4 °C and 30,000 × g for 50 min. A 2-mL slurry of HisPur Ni-NTA 

resin (Thermo Fisher Scientific) was added to the clarified lysate and incubated at 4 °C for 1 h. 

The mixture was loaded onto an Econo-Pac chromatography column (Bio-Rad), and the resin was 

washed with 30 mL of lysis buffer supplemented with 1 mM TCEP. Bound proteins were eluted 

with 10 mL of elution buffer [50 mM phosphate buffer, 500 mM NaCl, 250 mM imidazole, and 

10% (v/v) glycerol, pH 7.5]. 

C-terminally His₆-tagged polypeptides, except PikAII, were further purified by size-exclusion 

chromatography using buffer containing 50 mM phosphate buffer, 150 mM NaCl, and 5% (v/v) 

glycerol, pH 7.5. Polypeptides containing loop His₆-tags were further purified by ion-exchange 

chromatography followed by size-exclusion chromatography. Ion-exchange chromatography was 
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performed using solvent A [50 mM phosphate buffer, pH 7.5, and 1 mM TCEP] and solvent B [50 

mM phosphate buffer, pH 7.5, 1 M NaCl and 1 mM TCEP] with the following gradient: 10% B 

for 10 mL, 10–80% B over 25 mL and 100% B for 3 mL, at a flow rate of 0.5 mL min⁻¹. PikAV 

(TEII) was stored in buffer containing 100 mM phosphate buffer, pH 7.5, and 20% (v/v) glycerol. 

All purified proteins were concentrated using Amicon Ultra concentrators (Merck Millipore), 

aliquoted and stored at −80 °C. Protein purity was examined by SDS–PAGE (Figs. 3b and S1). 

 

Polyketide purification for calibration curve construction 

Purified standards of narbonolide (1), 10-dml (2), compounds 3–7, and venemycin used for 

calibration-curve construction were prepared using E. coli K207 cells carrying plasmids encoding 

the corresponding PKSs. Cells were first pre-cultured for 6 h at 37 °C and 240 rpm in 5 mL of LB 

medium containing the appropriate antibiotics. A 1% seed culture was then inoculated into 

production medium [5 g L⁻¹ yeast extract, 10 g L⁻¹ polypeptone, 15 g L⁻¹ glycerol, 10 g L⁻¹ NaCl 

and 100 mM potassium phosphate buffer (pH 7.6)] containing the appropriate antibiotics in 2.8-L 

Pyrex Fernbach-style culture flasks fitted with milk filter disks. Cultures were grown at 37 °C and 

240 rpm until the OD₆₀₀ reached 0.6. The cultures were then cooled to the production temperature, 

supplied with 60 mM sodium propionate and 0.1 mM IPTG, and incubated at 240 rpm for 6 d. 

Production was carried out at 19 °C for compounds 3, 6, 7, and venemycin, and at 16 °C for 

compounds 1, 2, 4 and 5. Purification of these compounds was performed as previously reported1–

6.  

 

Time-course assays and design comparison for narbonolide-producing PKS platforms 

Narbonolide (1)-producing reactions were performed in a defined in vitro system with a final 

volume of 100 µL containing 400 mM potassium phosphate buffer (pH 7.5), PKS polypeptides, 

and substrates at the indicated concentrations. All reactions were initiated by adding a substrate 

mixture containing methylmalonyl-CoA, malonyl-CoA and NADPH. For the TCEP-dependence 

assay, NAR1 reactions were performed with 2 µM of each PKS polypeptide and final substrate 

concentrations of 1.2 mM methylmalonyl-CoA, 0.2 mM malonyl-CoA, and 1.2 mM NADPH, in 

the presence or absence of TCEP as indicated. For the NAR1 synthase-concentration time-course 



 
 

S8 

assay, each PKS polypeptide was tested at the indicated final concentrations (0.5, 1, 2, or 4 µM 

synthase) using 6 mM methylmalonyl-CoA, 1 mM malonyl-CoA, and 6 mM NADPH.  

For comparison of NAR1–NAR9 designs, each PKS polypeptide was used at 1 µM, and reactions 

were quenched after 2 min. Further NAR8 synthase-concentration assays were performed at 31 °C, 

and all NAR8-related assays were conducted at this temperature. For TEII assays, reactions were 

performed in the presence or absence of 3.5 µM TEII as indicated. NAR8 reactions containing 4 

µM PKS were quenched after 1 min because of rapid consumption of substrates, whereas NAR8 

reactions containing 2 µM PKS were quenched after 2 min. TEII assays with 2 µM NAR1 were 

also quenched after 2 min. 

For time-course analysis, 100-µL reaction mixtures were aliquoted into 10-µL portions, and each 

aliquot was quenched at the indicated time point by rapid addition of acetonitrile. Precipitated 

material was removed by centrifugation at 15,000 × g for 10 min. When necessary, samples were 

further diluted with acetonitrile before quantification. The supernatant (10 µL) was analyzed by 

LC/MS using a 6230 TOF LC/MS equipped with a ZORBAX Eclipse Plus C18 column (2.1 × 50 

mm, 1.8 µm). The following solvent system and gradient were used: solvent A, water with 0.1% 

(v/v) formic acid; solvent B, acetonitrile with 0.1% (v/v) formic acid; 2% B for 2 min, 2–100% B 

over 10 min and 100% B for 3 min, at a flow rate of 0.2 mL min⁻¹ in positive-ion mode. 

Quantification was performed using calibration curves generated from purified standards.  

 

Time-course assays of engineered PKS platforms 

Time-course assays for the engineered PKS (DML1, ΔP31, ΔP61, and ANH1) platforms were 

performed under the same general reaction and analytical conditions described above. Reactions 

contained 400 mM potassium phosphate buffer (pH 7.5), PKS polypeptides, and the substrate 

mixture required for each platform. Substrate compositions were adjusted according to the 

predicted extender-unit requirements of each engineered assembly line; malonyl-CoA was 

included only for platforms requiring a malonyl extender unit and omitted for platforms in which 

malonyl-CoA was not required. Reactions were initiated by addition of the appropriate substrate 

mixture and sampled at the indicated time points. Each aliquot was quenched with acetonitrile, 

centrifuged at 15,000 × g for 10 min, and diluted with acetonitrile as needed before LC/MS analysis. 

Product formation was quantified using calibration curves generated from purified standards. 
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In vitro reconstitution of venemycin 

Reactions were performed in a final volume of 100 µL containing 400 mM potassium phosphate 

buffer (pH 7.5), 5 mM TCEP, 15 mM MgCl₂, 10 mM ATP, VemG, VemH, and substrates at the 

desired concentrations. Reactions were initiated by adding a substrate mixture to give final 

concentrations of 0.75 mM 3,5-dihydroxybenzoic acid (DHBA) and 2 mM malonyl-CoA. For 

time-course analysis, the reaction mixture was aliquoted into 10-µL portions, and each aliquot was 

quenched at the indicated time point by rapid addition of methanol. Precipitated material was 

removed by centrifugation at 15,000 × g for 10 min. The supernatant (10 µL) was analyzed by 

HPLC using a Waters 1525 HPLC system equipped with a Microsorb-MV 300–5 C18 column (4.6 

× 250 mm). The following solvent system and gradient were used: solvent A, water with 0.1% 

(v/v) formic acid; solvent B, acetonitrile with 0.1% (v/v) formic acid; 2% B for column 

equilibration, 2–100% B over 15 min, and 100% B for 3 min, at a flow rate of 1 mL min⁻¹. 

 

In vitro assays for E6- and R5-derived domain-combination designs 

For the comparison of E6- and R5-derived domain combinations, assays were conducted in a final 

volume of 20 µL containing 400 mM potassium phosphate buffer (pH 7.5), PKS polypeptides, 

methylmalonyl-CoA, malonyl-CoA, and NADPH. A master mix containing the shared reaction 

components and PKS polypeptides was prepared and dispensed into individual reaction tubes. The 

design-specific exchanged polypeptides were then added to give a final concentration of 2 µM for 

each PKS component. Reactions were initiated by adding a substrate mixture containing 

methylmalonyl-CoA, malonyl-CoA and NADPH to bring the final reaction volume to 20 µL and 

to give final concentrations of 3 mM methylmalonyl-CoA, 0.5 mM malonyl-CoA, and 3 mM 

NADPH. Reactions were incubated for 4 min and quenched with acetonitrile. After centrifugation 

at 15,000 × g for 10 min, the supernatants were diluted with acetonitrile as needed and analyzed 

by LC/MS using the method described above. Product formation was quantified using calibration 

curves generated from purified standards. 

 

Component-titration assays for engineered PKS platforms 

Component-titration assays were conducted in a final volume of 20 µL containing 400 mM 

potassium phosphate buffer (pH 7.5), PKS polypeptides, and the indicated substrates. For each 
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titration series, a master mix containing the shared reaction components and non-titrated PKS 

polypeptides was prepared and dispensed into individual reaction tubes. The titrated polypeptides 

were then added at the indicated concentrations. For the ΔP33 platform, non-titrated PKS 

components were kept at 1 µM, and CP2P4N and CP4P5N were varied as indicated. Reactions 

contained 3 mM methylmalonyl-CoA and 3 mM NADPH, without malonyl-CoA, and were 

incubated for 5 min. In ANH3, the core PKS components were kept at 1 µM, and the CP5R5N and 
CR5P7 were varied as indicated. ANH3 reactions contained 3 mM methylmalonyl-CoA, 0.5 mM 

malonyl-CoA, and 3 mM NADPH, and were incubated for 4 min. Reactions were initiated by 

adding a substrate mixture to bring the final reaction volume to 20 µL, quenched with acetonitrile, 

and centrifuged at 15,000 × g for 10 min. The supernatants were diluted with acetonitrile as needed 

and analyzed by LC/MS using the method described above. Product formation was quantified 

using calibration curves generated from purified standards. 

 

HPLC analysis of MatB reactions and CoA quantification 

All reactions were incubated at 23 °C and quenched by acidification to pH 2–3 with HCl. After 

pH adjustment, samples were centrifuged at 15,000 × g for 10 min, and the supernatants were 

analyzed using a Waters 1525 HPLC system equipped with a Microsorb-MV 300–5 C18 column 

(4.6 × 250 mm). The following HPLC conditions were used: solvent A, water containing 0.1% 

(v/v) trifluoroacetic acid (TFA); solvent B, methanol containing 0.1% (v/v) TFA; 2% B for column 

equilibration, 2–67% B over 20 min and 100% B for 3 min, at a flow rate of 1 mL min⁻¹. 

Chromatographic signals were monitored at 259.6 nm. 

 

Chiral chromatography 

Products from in vitro reactions were analyzed using an Agilent 6230 TOF LC/MS system 

equipped with a Chiralcel OD-RH column (2.1 × 150 mm). The following solvent system was 

used: solvent A, water with 0.1% (v/v) formic acid; solvent B, acetonitrile with 0.1% (v/v) formic 

acid. Triketide lactone 7 was analyzed by isocratic elution at 4% B for 30 min at a flow rate of 0.8 

mL min⁻¹. Products were detected using extracted ion chromatograms (EICs). 
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Scaled-up in vitro synthesis, purification, and characterization of narbonolide (1), 10-dml (2), 

and engineered polyketides (3–5, 8, and 9) 

Scaled-up Extender unit to PolyKetide (EPK) reactions were performed using the optimized PKS 

platforms (Fig. 6). Narbonolide (1) was produced in a 10-mL reaction (NAR9), whereas 

engineered polyketides (DML4, ΔP33, ΔP63, and ANH3) were produced in 20-mL reactions. 

Unless otherwise indicated, the standard EPK reaction contained 400 mM potassium phosphate 

buffer (pH 7.5), 4 µM MatB, 4 µM GDH, 2 µM methylmalonyl-CoA epimerase, 3 U (0.1 µM) 

myokinase, 10 U (0.3 µM) pyruvate kinase, 15 mM MgCl₂, 5 mM ATP, 60 mM methylmalonate, 

10 mM malonate, 30 mM glucose, 40 mM phosphoenolpyruvate (PEP), 0.5 mM CoA, and 0.5 mM 

NADP⁺. For engineered polyketide production, modified EPK conditions were used in which GDH 

was increased to 10 µM and glycerol was included at 5% (v/v). PKS component concentrations 

and PikAV were used as indicated for each optimized platform (Extended Data Table 1). 

Reactions were initiated by addition of PKS polypeptides and PikAV where indicated, incubated 

at 23 °C for the indicated time, extracted with ethyl acetate and concentrated in vacuo. 

Semipreparative HPLC purification was performed using a Waters 1525 HPLC system equipped 

with a Waters Atlantis T3 OBD prep column (250 × 10 mm). Solvent A was water with 0.1% (v/v) 

formic acid, and solvent B was acetonitrile with 0.1% (v/v) formic acid. The flow rate was 4 mL 

min⁻¹. 

Narbonolide (1) 

Narbonolide (1) was produced in a 10-mL scaled-up EPK reaction using the optimized 

narbonolide-producing assembly line NAR9. After incubation at 23 °C for 2 h, the reaction mixture 

was extracted three times with an equal volume of ethyl acetate. The combined organic extracts 

were dried and concentrated in vacuo. The crude extract was then purified by semipreparative 

HPLC under isocratic conditions using 50% solvent B, with UV absorbance monitored at 227 nm. 

Narbonolide (1) eluted as the major peak at 21 min, and this fraction was collected and 

concentrated. Removal of the solvent afforded 7.2 mg of narbonolide (1) as a white powder. 
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¹H NMR (400 MHz, CDCl₃) δ 6.97–6.83 (m, 1H), 6.10 (d, J = 16.4 Hz, 1H), 5.15 (m, 1H), 3.86 (t, 

J = 5.1 Hz, 1H), 3.72 (q, J = 7.0 Hz, 1H), 3.04 (s, 1H), 2.68 (d, J = 12.7 Hz, 2H), 1.76–1.56 (m, 

6H), 1.51 (s, 1H), 1.36 (d, J = 7.0 Hz, 4H), 1.18–1.04 (m, 11H), 0.96–0.89 (m, 8H). The 

spectroscopic data were consistent with those previously reported for narbonolide. The identity 

and absolute configuration of narbonolide (1) were further confirmed by X-ray diffraction analysis 

(Fig. 6). 

 

10-Deoxymethynolide (10-dml, 2) 

10-dml (2) was produced in a 20-mL scaled-up EPK reaction using the optimized engineered 10-

dML-producing assembly line DML4 under the modified EPK conditions described above. After 

incubation at 23 °C for 8 h, the reaction mixture was extracted three times with an equal volume 

of ethyl acetate. The combined organic extracts were dried and concentrated in vacuo. The crude 

extract was purified by semipreparative HPLC under isocratic conditions using 45% solvent B, 

with UV absorbance monitored at 227 nm. 10-dml (2) eluted as the major peak at 18 min, and this 

fraction was collected and concentrated. Removal of the solvent afforded 4.6 mg of 10-dml (2) as 

a colorless oil. 

¹H NMR (500 MHz, CDCl₃) δ 6.75 (dd, J = 15.7, 5.3 Hz, 1H, H-9), 6.42 (d, J = 15.7 Hz, 1H, H-

8), 5.00 (ddd, J = 8.4, 5.5, 2.4 Hz, 1H, H-11), 3.56 (d, J = 10.4 Hz, 1H, H-3), 2.58 (ddtd, J = 37.8, 

17.4, 7.1, 2.4 Hz, 3H, H-10, H-2 and H-6), 1.65 (m, 3H, H-12ab and H-5a), 1.37–1.26 (m, 5H, H-

4, H-5b and H-14), 1.22 (d, J = 7.0 Hz, 3H, H-16), 1.12 (d, J = 6.8 Hz, 3H, H-17), 1.01 (d, J = 6.2 

Hz, 3H, H-15), 0.92 (t, J = 7.5 Hz, 3H, H-13). 
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¹³C NMR (126 MHz, CDCl₃) δ 205.08 (C7), 174.78 (C1), 147.15 (C9), 125.65 (C8), 78.20 (C3), 

73.70 (C11), 45.15 (C6), 43.34 (C2), 38.04 (C10), 33.20 (C5 and C4), 25.16 (C12), 17.72 (C16), 

17.46 (C15), 16.43 (C14), 10.34 (C13), 9.59 (C17). 

 

 

Compound 3 

Compound 3 was produced in a 20-mL scaled-up EPK reaction using the optimized ΔP3 platform, 

ΔP33, under the modified EPK conditions described above. After incubation at 23 °C for 8 h, the 

reaction mixture was acidified to pH 2–3 with HCl before extraction. The acidified reaction 

mixture was then extracted three times with an equal volume of ethyl acetate. The combined 

organic extracts were dried and concentrated in vacuo. The crude extract was purified by 

semipreparative HPLC under isocratic conditions using 35% solvent B, with UV absorbance 

monitored at 248 nm. Compound 3 eluted as the major peak at 19 min, and this fraction was 

collected and concentrated. Removal of the solvent afforded 3.6 mg of compound 3 as a colorless 

oil. 

1H NMR (500 MHz, CDCl3) δ 4.34 (dd, J = 9.9, 2.6 Hz, 1H, H-5), 3.79 (ddd, J = 8.4, 5.6, 3.0 Hz, 

1H, H-11), 3.61 (q, J = 6.6 Hz, 1H, H-2), 2.99 (q, J = 7.0 Hz, 1H, H-8), 2.82 (dt, J = 7.2, 3.6 Hz, 

1H, H-10), 2.69 (qd, J = 7.5, 2.5 Hz, 1H, H-4), 2.30 – 2.21 (m, 1H, H-7a), 1.91 – 1.83 (m, 1H, H-

6), 1.59 – 1.51 (m, 1H, H-12a), 1.42 (td, J = 7.9, 3.7 Hz, 1H, H-12a), 1.35 (d, J = 6.6 Hz, 3H, H-

14), 1.20 – 1.15 (m, 4H, H-17, H-7b), 1.13 (m, 6H, H-15, H-18), 1.00 – 0.92 (m, 6H, H-13, H-16). 
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13C NMR (126 MHz, CDCl3) δ 205.43 (C3), 169.58 (C1), 81.74 (C5), 72.72 (C11), 50.24 (C2), 

47.79 (C8), 43.88 (C10), 43.13 (C4), 37.10 (C7), 31.61 (C6), 26.94 (C12), 17.52 (C17), 15.93 

(C13), 10.52 (C16), 9.88 (C15), 9.74 (C18), 8.07 (C14). 

 

Compound 4 and its C-2 epimer, compound 9 

Compound 4 and its C-2 epimer, compound 9, were produced in a 20-mL scaled-up EPK reaction 

using the optimized ΔP63 platform under the modified EPK conditions described above. After 

incubation at 23 °C for 8 h, the reaction mixture was extracted three times with an equal volume 

of ethyl acetate. The combined organic extracts were dried and concentrated in vacuo. The crude 

extract was purified by semipreparative HPLC under isocratic conditions using 45% solvent B, 

with UV absorbance monitored at 227 nm. Two closely eluting major peaks were observed and 

collected separately. The earlier-eluting peak at 73 min afforded 1.3 mg of compound 9 as a 

colorless oil, whereas the later-eluting peak at 81 min afforded 2.7 mg of compound 4 as a white 

powder. Detailed 1D and 2D NMR analyses, including ¹H NMR, ¹³C NMR, HSQC, COSY and 

HMBC, are provided and support assignment of compounds 4 and 9 as a pair of C-2 epimers that 

differ in the configuration of the methyl-bearing C-2 stereocenter. The identity and configuration 

of compound 4 were further supported by X-ray diffraction analysis. 
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Compound 4 

HRMS (ESI-TOF) m/z [M + H]+ calcd for C17H27O4+, 295.1904; found 295.1898 (-1.99 ppm). 

1H NMR (500 MHz, CDCl3) δ 6.84 (dd, J = 15.8, 5.1 Hz, 1H, H-9), 6.56 – 6.44 (m, 1H, H-8), 5.10 

(ddd, J = 8.4, 5.7, 2.5 Hz, 1H, H-11), 3.57 (q, J = 7.1 Hz, 1H, H-2), 2.73 (t, J = 6.8 Hz, 1H, H-10), 

2.61 (ddq, J = 13.6, 6.9, 3.9 Hz, 1H, H-6), 2.46 (dtt, J = 12.6, 6.3, 4.0 Hz, 1H, H-4), 1.95 (s, 1H, 

H-5a), 1.82 – 1.70 (m, 1H, H-12a), 1.62 (dd, J = 7.7, 5.9 Hz, 1H, H-12b), 1.33 (d, J = 7.3 Hz, 4H, 

H-5b and H-14), 1.23 (d, J = 6.9 Hz, 3H, H-16), 1.16 (d, J = 6.8 Hz, 3H, H-17), 1.03 (d, J = 6.4 

Hz, 3H, H-15), 0.93 (t, J = 7.4 Hz, 3H, H-13). 

13C NMR (126 MHz, CDCl3) δ 207.32 (C3), 204.03 (C7), 172.33 (C1), 147.78 (C9), 125.88 (C8), 

75.47 (C11), 50.08 (C2), 45.18 (C6), 41.65 (C4), 38.29 (C5), 38.20 (C10), 25.11 (C12), 17.42 

(C16), 14.19 (C15), 13.60 (C14), 10.32 (C13), 9.52 (C17). 

 

Compound 9 

HRMS (ESI-TOF) m/z [M + H]+ calcd for C17H27O4+, 295.1904; found 295.1901 (-0.97 ppm). 

1H NMR (500 MHz, CDCl3) δ 6.67 (dd, J = 15.9, 4.3 Hz, 1H, H-9), 6.18 (dd, J = 15.9, 1.8 Hz, 1H, 

H-8), 5.14 (ddd, J = 8.5, 5.5, 2.7 Hz, 1H, H-11), 3.68 (q, J = 6.9 Hz, 1H, H-2), 2.61 (ddq, J = 28.8, 

7.0, 3.6 Hz, 3H, H-4, H-6, and H-10), 2.22 – 2.12 (m, 1H, H-5a), 1.79 – 1.65 (m, 1H, H-12a), 1.58 

(m, 1H, H-12b), 1.39 (ddd, J = 14.9, 7.1, 3.2 Hz, 1H, H-5b), 1.26 (d, J = 6.8 Hz, 3H, H-14), 1.14 

(dd, J = 12.5, 7.1 Hz, 6H, H-16 and H-15), 1.04 (d, J = 6.7 Hz, 3H, H-17), 0.92 (t, J = 7.5 Hz, 3H, 

H-13). 
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13C NMR (126 MHz, CDCl3) δ 207.25 (C3), 204.78 (C7), 169.58 (C1), 147.05 (C9), 127.76 (C8), 

76.20 (C11), 52.50 (C2), 43.67 (C6), 43.21 (C4), 38.56 (C10), 36.34 (C5), 24.80 (C12), 18.97  

(C15), 18.31 (C16), 11.69 (C14), 10.27 (C13), 9.42 (C17). 

 

Compound 5 and the related linear decarboxylated product (8) 

Compound 5 was produced in a 20-mL scaled-up EPK reaction using the optimized ANH3 

platform under the modified EPK conditions described above. After incubation at 23 °C for 8 h, 

the reaction mixture was extracted three times with an equal volume of ethyl acetate. The combined 

organic extracts were dried and concentrated in vacuo. The crude extract was purified by 

semipreparative HPLC under isocratic conditions using 58% solvent B, with UV absorbance 

monitored at 227 nm. During purification of compound 5, an additional product peak was observed 

and collected separately. The major peak corresponding to compound 5 eluted at 16 min and 

afforded 0.9 mg of compound 8 as a colorless oil. The additional peak eluting at 32 min afforded 

5.1 mg of a related linear decarboxylated product as a colorless oil. Detailed 1D and 2D NMR 

analyses, including ¹H NMR, ¹³C NMR, HSQC, COSY, and HMBC are provided and support 

assignment of this second product as a linear molecule derived from the fully elongated ANH3 

platform intermediate after decarboxylation rather than macrolactonization. 

Compound 5 

HRMS (ESI-TOF) m/z [M + H]+ calcd for C20H31O4+, 335.2217; found 335.2218 (0.30 ppm). 

1H NMR (500 MHz, CDCl3) δ 6.69 (dd, J = 16.7, 6.7 Hz, 1H, H-11), 6.39 (dd, J = 10.0, 1.5 Hz, 

1H, H-5), 5.91 (dd, J = 16.7, 1.5 Hz, 1H, H-10), 5.04 (ddd, J = 8.7, 4.9, 3.4 Hz, 1H, H-13), 4.30 

(q, J = 6.9 Hz, 1H, H-2), 2.85 (dtd, J = 12.4, 6.5, 2.6 Hz, 1H, H-6), 2.77 (dtt, J = 12.7, 6.3, 3.2 Hz, 
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1H, H-8), 2.70 (dddd, J = 10.3, 8.1, 4.0, 2.4 Hz, 1H, H-12), 1.90 (d, J = 1.3 Hz, 3H, H-17), 1.67 – 

1.55 (m, 3H, H-14a, H-14b, and H-7a), 1.45 – 1.39 (m, 4H, H-7b and H-16), 1.13 (d, J = 7.0 Hz, 

3H, H-20), 1.11 (d, J = 6.4 Hz, 3H, H-19), 1.07 (d, J = 6.6 Hz, 3H, H-18), 0.92 (t, J = 7.4 Hz, 3H, 

H-15). 

13C NMR (126 MHz, CDCl3) δ 203.91 (C9), 195.85 (C3), 171.21 (C1), 148.72 (C11), 147.16 (C5), 

138.06 (C4), 129.15 (10), 77.22 (C13, overlapped with CDCl₃), 45.66 (C2), 43.11 (C7), 39.17 (C8), 

38.19 (C12), 32.87 (C6), 23.83 (C14), 21.24 (C18), 14.81 (C19), 13.85 (C16), 12.87 (C20), 12.42 

(C17), 10.22 (C15). 

 

Compound 8 

HRMS (ESI-TOF) m/z [M + H]+ calcd for C19H33O3+, 309.2424; found 309.2430 (1.88 ppm). 

1H NMR (500 MHz, CDCl3) δ 6.79 (dd, J = 15.8, 7.9 Hz, 1H, H-11), 6.27 (d, J = 10.0 Hz, 1H, H-

5), 6.15 – 6.07 (m, 1H, H-10), 3.49 (dt, J = 8.8, 4.4 Hz, 1H, H-13), 2.66 (td, J = 9.8, 6.0 Hz, 4H, 

H-2b, H-2b, H-6, and H-8), 2.42 (q, J = 6.7 Hz, 1H, H-12), 1.85 (ddd, J = 13.7, 9.6, 7.4 Hz, 1H , 

H-7a), 1.78 (d, J = 1.4 Hz, 3H, H-16), 1.41 (ddt, J = 32.8, 15.6, 6.4 Hz, 3H, H-7a, H-14a, and H-

14b), 1.08 (dd, J = 7.1, 4.5 Hz, 9H, H-1, H-18, and H-19), 1.04 (d, J = 6.6 Hz, 3H, H-17), 0.98 (t, 

J = 7.4 Hz, 3H, H-15). 

13C NMR (126 MHz, CDCl3) δ 203.27 (C9), 203.04 (C3), 149.51 (C11), 147.25 (5), 135.58 (C4), 

128.59 (C10), 75.93 (C13), 42.53 (C8), 42.35 (C12), 40.04 (C7), 32.37 (C6), 30.45 (C2), 27.29 

(C14), 20.37 (C17), 17.62 (C18), 13.89 (C19), 11.62 (C16), 10.37 (C15), 8.67 (C1). 
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Crystallization of narbonolide (1) and compound 4 

For crystallization, purified narbonolide (1) was dissolved in hexanes/ethyl acetate (65:35), and 

compound 4 was dissolved in hexanes/ethyl acetate (75:25). Each solution was filtered through a 

cotton plug and allowed to evaporate slowly at room temperature overnight. 
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Table S1. Construction of the expression plasmids for PKSs that yield narbonolide (1), 3, 4, and 
5. Underlined sequences are homology sequences for Gibson assembly. 
 
 

Plasmid Method           Piece         Template Primers 

 

 
 
 
 

 
 
 
 

 
 
 
 
 
 

pJZ101 
 
 
P1P2N 

(NAR1) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson  

P1KSQ+P1AT+P1ACP+
P1KS+P2AT+P2KR+P2
ACP+S8CDD+His6 

pCDF-1b-P1-P2-
P3-P4 
 

TAAGAAGGAGATATACCATGTCTTC
AGCCGGAATTACCAGGACC  
 
CAGTGGTGGTGGTGGTGGTGGCGCC
GGAACTTCCGGTCGAT  
 

pET28b  pET28b Vector TCGACCGGAAGTTCCGGCGCCACCA
CCACCACCACCACTGA 
 
CTGGTAATTCCGGCTGAAGACATGG
TATATCTCCTTCTTAAAGTTAA 
 

pJZ102 
 
 
CP2P3N 
(NAR1) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

S8NDD+P2KS+P3AT+P3
DH+P3KR+P3ACP+S3C

DD+His6 

pCDF-1b-P1-P2-
P3-P4 
 

TAAGAAGGAGATATACCATGGCCAA
TGAAGAAAAGCTCCGCGAG 
 
CAGTGGTGGTGGTGGTGGTGGGGAA
GTTCGAGATCGTTGTCGAG 
 

pET28b  pET28b Vector ACAACGATCTCGAACTTCCCCACCAC
CACCACCACCACTGA  
 
CGGAGCTTTTCTTCATTGGCCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ103 
 
 
CP3P4N 
(NAR1) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

S3NDD+P3KS+P4AT+ 
P4KR0+P4ACP+E3CDD+
His6 

pCDF-1b-P1-P2-
P3-P4 
 

TAAGAAGGAGATATACCATGTCGAA
TGAAGAGAAGCTCCGGGAG 
 
CAGTGGTGGTGGTGGTGGTGATCGC
CGTCGAGCTCCCGGCC 

pET28b  pET28b Vector GCCGGGAGCTCGACGGCGATCACCA
CCACCACCACCACTGA  
 
CGGAGCTTCTCTTCATTCGACATGGT
ATATCTCCTTCTTAAAGTTAA 
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pJZ104 
 
 
CP4P5N 
(NAR1) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

E3NDD+P4KS+P5
AT+P5DH+P5KR
+P5ER+P5ACP+E
5CDD+His6 

pET28b-P4-P5-P6-P7 
 

TAAGAAGGAGATATACCATGACTGA
CAGCGAGAAGGTGGCGG  
 
CAGTGGTGGTGGTGGTGGTGCAAAT
CCTCTCCCCCACCAAAAC 

pET28b pET28b Vector TTGGTGGGGGAGAGGATTTGCACCA
CCACCACCACCACTGA  
 
GCCACCTTCTCGCTGTCAGTCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ105 
 
 
CP5P6N 
(NAR1) 
(x6) 
 
vector: 
pET28b 
 

2-piece 
Gibson 

E5NDD+P5KS+P6
AT+P6KR+P6AC
P+S5CDD+His6 

pET28b-P4-P5-P6-P7 
 

TAAGAAGGAGATATACCATGAGCGG
TGACAACGGCATGACCGAG 
 
CAGTGGTGGTGGTGGTGGTGGGACA
GGTCGAGCTCGTTGTCG 

pET28b  pET28b Vector ACAACGAGCTCGACCTGTCCCACCA
CCACCACCACCACTGA 
 
GTCATGCCGTTGTCACCGCTCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ106 
 
 
CP6P7 
(NAR1) 
 
vector: 
pET28b 
(y1) 
 

2-piece 
Gibson 

S5NDD+P6KS+P7
AT+P7ACP+TE+
His6 

pET28b-P4-P5-P6-P7 
 

TAAGAAGGAGATATACCATGGCCAA
TGAAGAAAAGCTCTTCGGCT 
 
CAGTGGTGGTGGTGGTGGTGCTTGCC
CGCCCCCTCGATGCC 

pET28b pET28b Vector GCATCGAGGGGGCGGGCAAGCACCA
CCACCACCACCACTGA 
 
AAGAGCTTTTCTTCATTGGCCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ107 
 
PikAV 
(thioesterase 
II, TEII) 
 
vector: 
pACYCDue
t-1 
 
 

Restriction 
digestion + 
Ligation 

PikAV 
 

Streptomyces venezuelae 
ATCC 15439 genomic 
DNA 

CCCGAATTCGACCGACAGACCTCTG
AACGTGGA  
 
 
CCCAAGCTTTCACCGTGGGTTCTGCC
ATCTCT 

pACYCDuet-1 
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pJZ108 
 
P1P2N 

(NAR2) 
 
vector: 
pET28b 
 

2-piece 
Gibson  

P1KSQ+P1AT+P1ACP+
P1KS+P2AT+P2KR+P2
ACP+S8CDD+His6 

pJZ101 
 

AAGAGGCCCCGGTGGTTGTCGAGG
GTGCTTCGGTCGTCGAG 
 
AGCAGCGATTCGATGCCGTTCTCCT
CGTCACCGAGGAACTCGC  

pET28b pJZ101 
 

AGTTCCTCGGTGACGAGGAGAACG
GCATCGAATCGCTGCTCG  
 
TCGACGACCGAAGCACCCTCGACA
ACCACCGGGGCCTCTTCGA 

pJZ109 
 
 
CP2P3N 
(NAR2) 
 
vector: 
pET28b 
 

3-piece 
Gibson  

P2KS pJZ102 
 

GGAGCGCCAGGAGCACGACCCGATC
GCGATCGTCGCGATGAGCTGCCGCT
A  
 
TCGGCCCCAAGCACCTCACCAGCAG
CATCCGGCGCCTGCTCCAGCA 
 

P3AT+P3DH+P3KR+P3
ACP+P3CDD 

Streptomyces 
venezuelae ATCC 
15439 genomic 
DNA 

AGCAGGCGCCGGATGCTGCTGGTGA
GGTGCTTGGGGCCGATGAGGT  
 
CAGTGGTGGTGGTGGTGGTGGTCCGT
GCTGGGGTCCTGGTCGAG 

His6+pET28b+S8NDD pJZ102 
 

ACCAGGACCCCAGCACGGACCACCA
CCACCACCACCACTGAGAT  
 
ATCGCGACGATCGCGATCGGGTCGT
GCTCCTGGCGCTCCAACTCGT 

pJZ110 
 
 
CP3P4N 
(NAR2) 
 
vector: 
pET28b 
 

3-piece 
Gibson 

P3NDD+P3KS Streptomyces 
venezuelae ATCC 
15439 genomic 
DNA  

TAAGAAGGAGATATACCATGTCCAC
GGTGAACGAAGAGAAGTACCTCGAC
T  
 
GCCTCGGAGGCAGGGGTCTCCTCGG
CCGCCGGGGCCTCTTCGA 
 

P4AT+P4KR0+P4ACP pJZ103 
 

AAGAGGCCCCGGCGGCCGAGGAGAC
CCCTGCCTCCGAGGCGAC 
 
AGTTCCTCGAATGTCCCGGCACCGGC
CTGCTCGCCCAGGAT 

S3CDD+His6+pET28b pJZ102 
 

TCCTGGGCGAGCAGGCCGGTGCCGG
GACATTCGAGGAACTCGACA 
 
TTCTCTTCGTTCACCGTGGACATGGT
ATATCTCCTTCTTAAAGTTAA 
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pJZ111 
 
 
CP4P5N 
(NAR2) 
 
vector: 
pET28b 
 

3-piece 
Gibson 

P4KS pJZ104 
 

AGTCGGGAGAGCGGGAACCCGTCGC
GATCGTCGGCATGGCGTG  
 
GGCTCGTCCGCCGGGGCGTCCTCGTC
GACCGGGGCTTCTTCGAGCA 

P5AT+P5DH+P5
KR+P5ER+P5AC
P+P5CDD 

pRB15 
 

CGAAGAAGCCCCGGTCGACGAGGAC
GCCCCGGCGGACGAGCCGT  
 
CAGTGGTGGTGGTGGTGGTGGAAGT
CGGAGTCGCCCAGCTCCTTGTC 

His6+pET28b+S3N

DD 
pJZ103 
 

AGCTGGGCGACTCCGACTTCCACCAC
CACCACCACCACTG 
 
ATGCCGACGATCGCGACGGGTTCCC
GCTCTCCCGACTCCGCCTCGT 

pJZ112 
 
 
CP5P6N 
(NAR2) 
 
vector: 
pET28b 
 

2-piece 
Gibson 

PikAIII: 
P5NDD+P5KS+P6
AT+P6KR+P6AC
P+P6CDD+His6 

pRB25 
 

TAAGAAGGAGATATACCATGGCGAA
CAACGAAGACAAGCTCCG 
 
CAGTGGTGGTGGTGGTGGTGGGTGTT
ACGGGGGCCGAGAGC 

pET28b  pET28b GCTCTCGGCCCCCGTAACACCCACCA
CCACCACCACCACTGA  
 
CGGAGCTTGTCTTCGTTGTTCGCCAT
GGTATATCTCCTTCTTAAAGTTAA 

pJZ113 
 
 
CP6P7 
(NAR2) 
 
vector: 
pET28b 
 

2-piece 
Gibson 

PikAIV: 
P6NDD+P6KS+P7
AT+P7ACP+TE+
His6 

pTM54 
 

TAAGAAGGAGATATACCATGACGAG
TTCCAACGAACAGTTGGTG  
 
CAGTGGTGGTGGTGGTGGTGCTTGCC
CGCCCCCTCGATGCC 

pET28b pET28b  GCATCGAGGGGGCGGGCAAGCACCA
CCACCACCACCACTGA  
 
AACTGTTCGTTGGAACTCGTCATGGT
ATATCTCCTTCTTAAAGTTAA 
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pJZ114 
 
 
PikAII 
(NAR3) 
 
vector: 
pET28b 
 
 

3-piece 
Gibson 

pET28b+P3NDD+
P3KS+P4AT 

pJZ110 
 

AGCTGGGCGACTCCGACTTCCACCAC
CACCACCACCACTG 
 
CCGGTGACGAGCACCGTGCCGTCGG
CCTGCCACCACGGCGA 

P4KR0+P4ACP Streptomyces venezuelae 
ATCC 15439 genomic 
DNA 
 

CGCCGTGGTGGCAGGCCGACGGCAC
GGTGCTCGTCACCGGT  
 
ATGCCGACGATCGCGACGGGCTCGT
CGTCGACCCCGCCGTC 

P4KS+P5AT+P5D
H+P5KR+P5ER+P
5ACP+P5CDD+Hi
s6 

pJZ111 
 

ACGGCGGGGTCGACGACGAGCCCGT
CGCGATCGTCGGCAT 
 
CAGTGGTGGTGGTGGTGGTGGAAGT
CGGAGTCGCCCAGCTCCTTGTC 

pJZ115 
 
 
PikAII 
(NAR5) 
 
vector: 
pET28b 
 

3-piece 
Gibson 

P4AT+P4KR0+P4
ACP 

pJZ114 
 

AGGAGACCCCTCACCACCACCACCA
CCATGCCGTCGAGCCGTCG  
 
GCTCGTCGTCGACCCCGCCGTCCAC 

P4KS+P5AT+P5D
H+P5KR+P5ER+P
5ACP+P5CDD 

 

pJZ114 
 

GGCGAGCAGCTTCCGGTGGACGGC 
 
TTGTTAGCAGCCGGATCTCAGAAGTC
GGAGTCGCCCAGCTCCTTG 

pET28b+P3NDD+
P3KS+His6 

pJZ114 
 

AGCTGGGCGACTCCGACTTCTGAGAT
CCGGCTGCTAACAAAGCCCG 
 
GGCTCGACGGCATGGTGGTGGTGGT
GGTGAGGGGTCTCCTCGGCC 

pJZ116 
 
 
P1P2N 

(NAR6) 
 
vector: 
pET28b 
 

3-piece 
Gibson  

P1KSQ+P1AT+P1ACP+
P1KS+His6 

pJZ108 
 

TAAGAAGGAGATATACCATGTCTTC
AGCCGGAATTACCAGGACC 
 
ACATGGTGGTGATGGTGGTGAGCA
CCCTCGACAACCACCGGGGC 

P2AT+P2KR+P2ACP+S
8CDD 

pJZ108 
 

CTCACCACCATCACCACCATGTTGG
CGGGTCGGCGGTCGGCGGC  
 
TTGTTAGCAGCCGGATCTCAGCGCC
GGAACTTCCGGTCGATGAG 

pET28b pJZ108 
 

TCGACCGGAAGTTCCGGCGCTGAG
ATCCGGCTGCTAACAAAGCCCG 
 
CTGGTAATTCCGGCTGAAGACATGG
TATATCTCCTTCTTAAAGTTAA 
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pJZ117 
 
 
P1N 

(NAR8) 
 
vector: 
pCDF-1b 
 
 

2-piece 
Gibson  

His6+P1KSQ+P1AT+P1A
CP 

pJZ108 TGCATCACCACCACCATCACTCTTC
AGCCGGAATTACCAGGACCGGT  
 
AGCCCGGCGAGGGCCGACGGCGCC
GCCTCCCCGTGCACGACGAG 

E3CDD+pCDF-1b 
 

pCDF-1b-P1-P2-
P3-P4 
 

TCGTGCACGGGGAGGCGGCGCCGT
CGGCCCTCGCCGGGCTGGAC  
 
GAGTGATGGTGGTGGTGATGCATG
GTATATCTCCTTATTAAAGTTAA 

pJZ118 
 
 
CP1P2N 

(NAR8) 
 
vector: 
pET28b 
 

2-piece 
Gibson  

P1KS+His6+P2AT+P2K
R+P2ACP+S8CDD 

pJZ116 
 

TCCGCGAGCTGGAATCCGACCCGGT
GGCGATCGTCGGCATGGC  
 
TTGTTAGCAGCCGGATCTCAGCGCC
GGAACTTCCGGTCGATGAG 

pET28b+E3NDD pET28b-P4-P5-P6-
P7 
 

TCGACCGGAAGTTCCGGCGCTGAG
ATCCGGCTGCTAACAAAGCCCG  
 
ATGCCGACGATCGCCACCGGGTCG
GATTCCAGCTCGCGGATGCG 

pJZ119 
 
 
CP2P3N 
(NAR8) 
 
vector: 
pET28b 
 

2-piece 
Gibson  

P3AT+P3DH+P3KR+P3
ACP+P3CDD 

pJZ109 
 

AGCACCACCACCACCACCATACGGC
TGGGACCTCCGAGGTCGCT  
 
TTGTTAGCAGCCGGATCTCAGTCCGT
GCTGGGGTCCTGGTCGAG 

pET28b+S8NDD+P2KS+
His6 

pJZ109 
 

ACCAGGACCCCAGCACGGACTGAGA
TCCGGCTGCTAACAAAGCCCG  
 
GTATGGTGGTGGTGGTGGTGCTCAG
ACACCTCAGGCACCTCATCGG 

pJZ120 
 
 
CP3P4N 
(NAR8) 
 
vector: 
pET28b 
 

2-piece 
Gibson 

P4AT+P4KR0+P4ACP+S
3CDD 

pJZ110 
 

CTCACCACCACCACCACCATGCCGTC
GAGCCGTCGGTCGGCG  
 
TTGTTAGCAGCCGGATCTCAGGGAA
GTTCGAGATCGTTGTCGAGGAG  

pET28b+P3NDD+P3KS+
His6 
 

pJZ110 
 

ACAACGATCTCGAACTTCCCTGAGAT
CCGGCTGCTAACAAAGCCCG  
 
GCATGGTGGTGGTGGTGGTGAGGGG
TCTCCTCGGCCGCCGGG 
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pJZ121 
 
 
CP4P5N 
(NAR8) 
 
vector: 
pET28b  

2-piece 
Gibson 

P5AT+P5DH+P5KR+P5
ER+P5ACP+P5CDD 

 

pJZ111 
 

ACCACCACCACCACCACCATGAGCC
GTCGGTCGGCGGTGTGGTG  
 
TTGTTAGCAGCCGGATCTCAGAAGTC
GGAGTCGCCCAGCTCCTT 

pET28b+S3NDD+P4KS+
His6 

pJZ111 
 

AGCTGGGCGACTCCGACTTCTGAGAT
CCGGCTGCTAACAAAGCCCG  
 
TCATGGTGGTGGTGGTGGTGGTCGAC
CGGGGCTTCTTCGAGCAC 

pJZ122 
 
 
CP5P6N 
(NAR8) 
 
Vector: 
pACYCDue
t-1 
 
 

2-piece 
Gibson 

P6AT+P6KR+P6A
CP+ P6CDD 

pRB25 
 

CACCACCACCACCATCACGCCGGTG
GCGGTGTGGTGCCG  
 
ACAGTCCAGCTTGGAGCGAACTG 

pACYCDuet-1+ 
P5NDD+P5KS+Hi
s6 

pRB2  CTCAGTTCCGGGTAGGCAGTTCG  
 
GTGATGGTGGTGGTGGTGGGAGTCC
TCGACCGCCGGGGC 

pJZ123 
 
 
CP6P7 
(NAR8) 
 
vector: 
pET28b  

2-piece 
Gibson 

pET28b+P6NDD+ 
P6KS+His6 

pTM5 
 

CACCACCACCACCATCACGCCGGTG
GCGGCGTGGTGCCGTGG  
 
TTGTTAGCAGCCGGATCTCACTTGCC
CGCCCCCTCGATGCCCTC 

P7AT+P7ACP+TE pTM5 
 

GCATCGAGGGGGCGGGCAAGTGAGA
TCCGGCTGCTAACAAAGCCCG 
 
GTGATGGTGGTGGTGGTGGGACTCCT
CGACCGCCGGGGCCTC 

pJZ124 
 
 
P1N 

(NAR9) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson  

P1KSQ+P1AT+P1ACP+ 
E3CDD+His6 

pJZ117 TAAGAAGGAGATATACCATGTCTTC
AGCCGGAATTACCAGGACC  
 
CAGTGGTGGTGGTGGTGGTGATCGC
CGTCGAGCTCCCGGCC 

pET28b  pET28b  GCCGGGAGCTCGACGGCGATCACC
ACCACCACCACCACTGA  
 
CTGGTAATTCCGGCTGAAGACATGG
TATATCTCCTTCTTAAAGTTAA 
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pJZ125 
 
 
CP1P2N 

(NAR9) 
 
vector: 
pET28b 
 

2-piece 
Gibson  

P1KS+P2AT+P2KR+P2
ACP+S8CDD+His6 

pJZ101 
 

TCCGCGAGCTGGAATCCGACCCGGT
GGCGATCGTCGGCATGGC  
 
CAGTGGTGGTGGTGGTGGTGGCGCC
GGAACTTCCGGTCGAT  
 

pET28b+E3NDD pJZ118 
 

TCGACCGGAAGTTCCGGCGCCACCA
CCACCACCACCACTGA 
 
ATGCCGACGATCGCCACCGGGTCG
GATTCCAGCTCGCGGATGCG 

pJZ126 
 
 
CP2P4N 
(ΔP31) 
 
vector: 
pET28b  

2-piece 
Gibson 

S8NDD+P2KS+P4AT+P4
KR0+P4ACP+E3CDD+Hi
s6 

pCDF-1b-P1-P2-P4 TAAGAAGGAGATATACCATGGCCAA
TGAAGAAAAGCTCCGCGAG  
 
CAGTGGTGGTGGTGGTGGTGATCGC
CGTCGAGCTCCCGGCC 

pET28b  pET28b GCCGGGAGCTCGACGGCGATCACCA
CCACCACCACCACTGA  
 
CGGAGCTTTTCTTCATTGGCCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ127 
 
 
CP5P7 
(ΔP61) 
 
vector: 
pET28b 
 

2-piece 
Gibson 

P7AT+P7ACP+TE
+His6 

pJZ106 
 

AGGAGGCCCCGGCGGTCGAGTCTAG
TTCCCCTGCAGTTGAGCCGCCGG  
 
CAGTGGTGGTGGTGGTGGTGCTTGCC
CGCCCCCTCGATGCC 

pET28b+E5NDD+
P5KS 

pJZ105 
 

GCATCGAGGGGGCGGGCAAGCACCA
CCACCACCACCACTGA  
 
TCAACTGCAGGGGAACTAGACTCGA
CCGCCGGGGCCTCCTCCAGG 

pJZ128 
 
 
CP5R5N 
(ANH1) 
 
vector: 
pET28b  

2-piece 
Gibson 

E5NDD+P5KS+R5
AT+R5DH+R5KR
+R5ACP+S5CDD+
His6 

pET28b-P4-P5-R5-P7 
 

TAAGAAGGAGATATACCATGAGCGG
TGACAACGGCATGACCGAG 
 
CAGTGGTGGTGGTGGTGGTGGGACA
GGTCGAGCTCGTTGTCG 

pET28b  pET28b Vector ACAACGAGCTCGACCTGTCCCACCA
CCACCACCACCACTGA 
 
GTCATGCCGTTGTCACCGCTCATGGT
ATATCTCCTTCTTAAAGTTAA 
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pJZ129 
 
 
CR5P7  
(ANH1) 
(y2) 
 
Vector: 
pET28b 
 
 

2-piece 
Gibson 

S5NDD+R5KS+P7
AT+P7ACP+TE+
His6 

pET28b-P4-P5-R5-P7 
 

TAAGAAGGAGATATACCATGGCCAA
TGAAGAAAAGCTCTTCGGCT 
 
CAGTGGTGGTGGTGGTGGTGCTTGCC
CGCCCCCTCGATGCC 

pET28b pET28b Vector GCATCGAGGGGGCGGGCAAGCACCA
CCACCACCACCACTGA 
 
AAGAGCTTTTCTTCATTGGCCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ130 
 
 
CP5E6N 
(x1) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

E5KS Saccharopolyspora 
erythraea genomic DNA 
 

CCGGGCCGGTGAGCCAATTGCGATC
GTCGGCATGGCGTGCCGGTTC  
 
GCCGGCTCGGGCTCACTAGAGTCGG
CCTCGGGCGCCTCTTCGACGA 

E6AT+E6KR+E6
ACP+S5CDD+His6

+pET28b+E5NDD 

pJZ130 AAGAGGCGCCCGAGGCCGACTCTAG
TGAGCCCGAGCCGGCACCCGA 
 
GCACGCCATGCCGACGATCGCAATT
GGCTCACCGGCCCGGTGCTCGA 

pJZ131 
 
 
CP5E6N 
(x2) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

E5NDD+P5KS+E6
AT+E6KR+E6AC
P+S5CDD+His6 

pET28b-P4-P5-E6-P76 
 

TAAGAAGGAGATATACCATGAGCGG
TGACAACGGCATGACCGAG 
 
CAGTGGTGGTGGTGGTGGTGGGACA
GGTCGAGCTCGTTGTCG 

pET28b  pET28b Vector ACAACGAGCTCGACCTGTCCCACCA
CCACCACCACCACTGA 
 
GTCATGCCGTTGTCACCGCTCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ132 
 
 
CP5E6N 
(x3) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

P5KS+P6AT pJZ105 TAAGAAGGAGATATACCATGAGCGG
TGACAACGGCATGACCGAG 
 
TCCTCGTCCCGTGCGCGCCCGGGCGC
GGAGCTCTGCAGCCAGAAGCGC 

E6KR+E6ACP+S5
CDD+His6+pET28
b+E5NDD 

pJZ130 GGCTGCAGAGCTCCGCGCCCGGGCG
CGCACGGGACGAGGACGAC  
 
GTCATGCCGTTGTCACCGCTCATGGT
ATATCTCCTTCTTAAAGTTAA 
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pJZ133 
 
 
CP5E6N 
(x4) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

E6KR  pJZ130 GGCTGCAGAGCTCCGCGCCCGGGCG
CGCACGGGACGAGGACGAC  
 
GCGGCGTCGCCGGGAGCCGGGCCCT
CCTCGCTCTGCCGGGCTTCC 

P6ACP+S5CDD+H
is6+pET28b+E5ND
D+P5KS+P6AT 

pJZ105 CCCGGCAGAGCGAGGAGGGCCCGGC
TCCCGGCGACGCCGCCGT  
 
TCCTCGTCCCGTGCGCGCCCGGGCGC
GGAGCTCTGCAGCCAGAAGCGC  

pJZ134 
 
 
CP5E6N 
(x5) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

E6ACP+S5CDD+ 
His6+pET28b  

pJZ130 TCGCCGCACCCGTCGGTGCCCCGGCG
CTCGCCCAGCGGCTCGCG  
 
GTCATGCCGTTGTCACCGCTCATGGT
ATATCTCCTTCTTAAAGTTAA 

E5NDD+P5KS+P6
AT+P6KR 

pJZ105 TAAGAAGGAGATATACCATGAGCGG
TGACAACGGCATGACCGAG 
 
AGCCGCTGGGCGAGCGCCGGGGCAC
CGACGGGTGCGGCGAGCGC 

pJZ135 
 
 
CE6P7 
(y2) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

S5NDD+E6KS+P7
AT+P7ACP+TE+
His6 

pET28b-P4-P5-E6-P76 
 

TAAGAAGGAGATATACCATGGCCAA
TGAAGAAAAGCTCTTCGGCT 
 
CAGTGGTGGTGGTGGTGGTGCTTGCC
CGCCCCCTCGATGCC 

pET28b pET28b Vector GCATCGAGGGGGCGGGCAAGCACCA
CCACCACCACCACTGA 
 
AAGAGCTTTTCTTCATTGGCCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ136 
 
 
CE6P7 
(y3) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

E6KS+E7AT Saccharopolyspora 
erythraea genomic DNA 
 

GGAGTCAGGAGCCAATTGCCATCGT
CGGCATGGCCTGCCGCTTCC  
 
GTGTGCGCGGGCGCCTCGCCGGACA
CCTCCGGCGCGAGCCAGTAC 

P7ACP+TE+His6+
pET28b+S5NDD 

pJZ106 GGCTCGCGCCGGAGGTGTCCGGCGA
GGCGCCCGCGCACACCGCTT  
 
CGGCAGGCCATGCCGACGATGGCAA
TTGGCTCCTGACTCCGGCTCTC 
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pJZ137 
 
 
CP5R5N 
(x1) 
 
vector: 
pET28b  

2-piece 
Gibson 

R4KS pET28b-P4-R4-R5-P7 
 

CGAGCACCGGGCCGGTGAGCCAATT
GCGATTGTGGGTATGGCGTGCCGT  
 
TCCTCTTCCGCGGGACTAGACTGTGC
GGGGGGTGCGCTCTCCAG 

R5AT+R5DH+R5
KR+R5ACP+S5CD
D+His6+pET28b+
E5NDD 

pJZ128 
 

AGAGCGCACCCCCCGCACAGTCTAG
TCCCGCGGAAGAGGAGCAGCCT  
 
GCACGCCATACCCACAATCGCAATT
GGCTCACCGGCCCGGTGCTC 

pJZ138 
 
CP5R5N 
(x3) 
 
vector: 
pET28b  

2-piece 
Gibson 

P5KS+P6AT pJZ105 
 

TAAGAAGGAGATATACCATGAGCGG
TGACAACGGCATGACCGAG 
 
GGATGACCATCCGCAGCCGCGGGCG
CGGAGCTCTGCAGCCAGAA  
 

R5DH+R5KR+R5
ACP+S5CDD+His6

+pET28b+E5NDD 

pJZ128 
 

GGCTGCAGAGCTCCGCGCCCGCGGC
TGCGGATGGTCATCCGTTGCT  
 
GTCATGCCGTTGTCACCGCTCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ139 
 
CP5R5N 
(x4) 
 
vector: 
pET28b  

2-piece 
Gibson 

R5DH+R5KR pJZ138 
 

GGCTGCAGAGCTCCGCGCCCGCGGC
TGCGGATGGTCATCCGTTGCT  
 
GCGGCGTCGCCGGGAGCCGGGGCGG
CCCTGCGAGCAATCGGCCGGT 

P6ACP+S5CDD+H
is6+pET28b+E5ND
D+P5KS+P6AT 

pJZ105 CGATTGCTCGCAGGGCCGCCCCGGCT
CCCGGCGACGCCGCCGTG  
 
GGATGACCATCCGCAGCCGCGGGCG
CGGAGCTCTGCAGCCAGAA  
 

pJZ140 
 
 
CP5R5N 
(x5) 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

R5ACP+S5CDD+ 
His6+pET28b  

pJZ138 TCGCCGCACCCGTCGGTGCCAGGGC
CGCCTCTACCGGTGACTCGT  
 
GTCATGCCGTTGTCACCGCTCATGGT
ATATCTCCTTCTTAAAGTTAA 

E5NDD+P5KS+P6
AT+P6KR 

pJZ105 TAAGAAGGAGATATACCATGAGCGG
TGACAACGGCATGACCGAG 
 
TCACCGGTAGAGGCGGCCCTGGCAC
CGACGGGTGCGGCGAGCGCCT 
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pJZ141 
 
 
CP5P7 
(ΔP62) 
 
vector: 
pET28b 
 

2-piece 
Gibson 

P7AT+P7ACP+TE
+His6 

pJZ113 
 

AGGAGGCCCCGGCGGTCGAGTCTAG
TTCCCCTGCAGTTGAGCCGCCGG  
 
CAGTGGTGGTGGTGGTGGTGCTTGCC
CGCCCCCTCGATGCC 

pET28b+P5NDD+
P5KS 

pJZ112 
 

GCATCGAGGGGGCGGGCAAGCACCA
CCACCACCACCACTGA  
 
TCAACTGCAGGGGAACTAGACTCGA
CCGCCGGGGCCTCCTCCAGG 

pJZ142 
 
 
CP5P7 
(ΔP63) 
 
vector: 
pET28b 
 

2-piece 
Gibson 

P7ACP+TE+His6 pJZ113 
 

GGCTGCAGAGCTCCGCGCCCGGCGA
GGCGCCCGCGCACACCGCTT 
 
CAGTGGTGGTGGTGGTGGTGCTTGCC
CGCCCCCTCGATGCC 

pET28b+P5NDD+
P5KS+P6AT 

pJZ112 
 

GCATCGAGGGGGCGGGCAAGCACCA
CCACCACCACCACTGA  
 
GTGTGCGCGGGCGCCTCGCCGGGCG
CGGAGCTCTGCAGCCAGAAGCG 

pJZ143 
 
CP5R5N 
(ANH3) 
 
vector: 
pET28b  

2-piece 
Gibson 

P5KS+P6AT pJZ105 
 

TAAGAAGGAGATATACCATGAGCGG
TGACAACGGCATGACCGAG 
 
GGATGACCATCCGCAGCCGCGGGCG
CGGAGCTCTGCAGCCAGAA  
 

R5DH+R5KR+R5
ACP+S5CDD+His6

+pET28b+P5NDD 

pJZ128 
 

GGCTGCAGAGCTCCGCGCCCGCGGC
TGCGGATGGTCATCCGTTGCT  
 
GTCATGCCGTTGTCACCGCTCATGGT
ATATCTCCTTCTTAAAGTTAA 

pJZ144 
 
methylmalo
nly-CoA 
epimerase 
 
vector: 
pET28b 
 
 

2-piece 
Gibson 

methylmalonly-
CoA epimerase 
 

Streptomyces coelicolor  TAAGAAGGAGATATACCATGCTGAC
GCGAATCGACCACATCGGAA  
 
CAGTGGTGGTGGTGGTGGTGGTGCTC
AGGTGACTCAACGGCCGC 
 

pET28b  pET28b CCGTTGAGTCACCTGAGCACCACCAC
CACCACCACCACTGA 
 
ATGTGGTCGATTCGCGTCAGCATGGT
ATATCTCCTTCTTAAAGTTAA 
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Table S2. Primers for site-directed mutagenesis of CP6P7. Mutation sites are in red. 
 

Plasmid Template     Primers 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

pJZ145 
 
 
Domains: 
P6KSC207A+P7AT+P7ACP+TE  
(DML1/DML2) 
 
Vector: 
pET28b 
 
  

pJZ106/ 
pJZ113 
 
 

ACGGCGGCGTCCTCTTCGCTCGTCGCCC
TGCACCTCGCCC 
  
AGAGGACGCCGCCGTGTCCACGGTCAC
GGCGGGTCCCT 

pJZ146 
 
 
Domains: 
P6KSC207A+P7AT+P7ACPS980A+TE  
(DML3) 
 
Vector: 
pET28b 
 
 

pJZ113 
 

TTCGACGCGCTGACCGCCGTCGACTTCC
GCAACCG  
 
GGTCAGCGCGTCGAAGCCGATCTCCCGC
AGCGGGC   

pJZ147 
 
 
Domains: 
P6KSC207A+P7AT+TE 
(DML4) 
 
Vector: 
pET28b 
 
 

pJZ113 
 

ACCGCTTCCGCCGAGCCGTCGGATCACG
AGCAGGCGGA  
 
CGGCTCGGCGGAAGCGGTGTGCGCGGG
CGCCTCG   
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Table S3. Protein sequences for engineered pikromycin, erythromycin, and rapamycin PKS 
modules used in this study. light teal, green, light orange, coral pink, dark orange, blue, 
lavender, yellow, yellow green, beige, dark green, and light brown letters indicate modules P1, 
P2, P3, P4, P5, P6, P7, E5, E6, E7, R4, and R5, respectively (colored as in Figs. 1-6). 
 
Spinosyn PKS S8 Docking Domain Sequence 
Spinosyn PKS S3 Docking Domain Sequence 
Erythromycin PKS E3 Docking Domain Sequence 
Erythromycin PKS E5 Docking Domain Sequence 
Spinosyn PKS S5 Docking Domain Sequence 
HHHHHH (His6-tag) 
2 letters with double underline indicate aa’s encoded by the introduced restriction sites 
8 letters with double underline indicate aa’s encoded by the HindIII-N12-SpeI sequence 
 

P1P2N-[S8CDD]-CterHis6, (NAR1) 
MSSAGITRTGARTPVTGRGAAAWDTGEVRVRRGLPPAGPDHAEHSFSRAPTGDVRAELIRGEMST
VSKSESEEFVSVSNDAGSAHGTAEPVAVVGISCRVPGARDPREFWELLAAGGQAVTDVPADRWNA
GDFYDPDRSAPGRSNSRWGGFIEDVDRFDAAFFGISPREAAEMDPQQRLALELGWEALERAGIDPS
SLTGTRTGVFAGAIWDDYATLKHRQGGAAITPHTVTGLHRGIIANRLSYTLGLRGPSMVVDSGQSS
SLVAVHLACESLRRGESELALAGGVSLNLVPDSIIGASKFGGLSPDGRAYTFDARANGYVRGEGGG
FVVLKRLSRAVADGDPVLAVIRGSAVNNGGAAQGMTTPDAQAQEAVLREAHERAGTAPADVRYV
ELHGTGTPVGDPIEAAALGAALGTGRPAGQPLLVGSVKTNIGHLEGAAGIAGLIKAVLAVRGRAL
PASLNYETPNPAIPFEELNLRVNTEYLPWEPEHDGQRMVVGVSSFGMGGTNAHVVLEEAPGVVEG
ASVVESTVGGSAVGGGVVPWVVSAKSAAALDAQIERLAAFASRDRTDGVDAGAVDAGAVDAGAV
ARVLAGGRAQFEHRAVVVGSGPDDLAAALAAPEGLVRGVASGVGRVAFVFPGQGTQWAGMGAE
LLDSSAVFAAAMAECEAALSPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLARVWQHH
GVTPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIAAHLAGKGGMLSLALSEDAVLERLA
GFDGLSVAAVNGPTATVVSGDPVQIEELARACEADGVRARVIPVDYASHSRQVEIIESELAEVLAGL
SPQAPRVPFFSTLEGAWITEPVLDGGYWYRNLRHRVGFAPAVETLATDEGFTHFVEVSAHPVLTM
ALPGTVTGLATLRRDNGGQDRLVASLAEAWANGLAVDWSPLLPSATGHHSDLPTYAFQTERHWL
GEIEALAPAGEPAVQPAVLRTEAAEPAELDRDEQLRVILDKVRAQTAQVLGYATGGQIEVDRTFR
EAGCTSLTGVDLRNRINAAFGVRMAPSMIFDFPTPEALAEQLLLVVHGEAAANPAGAEPAPVAAA
GAVDEPVAIVGMACRLPGGVASPEDLWRLVAGGGDAISEFPQDRGWDVEGLYHPDPEHPGTSYV
RQGGFIENVAGFDAAFFGISPREALAMDPQQRLLLETSWEAVEDAGIDPTSLRGRQVGVFTGAMT
HEYGPSLRDGGEGLDGYLLTGNTASVMSGRVSYTLGLEGPALTVDTACSSSLVALHLAVQALRKG
EVDMALAGGVAVMPTPGMFVEFSRQRGLAGDGRSKAFAASADGTSWSEGVGVLLVERLSDARRN
GHQVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRRALADARLTTSDVDVVEAHGTGTRLGDPIE
AQALIATYGQGRDDEQPLRLGSLKSNIGHTQAAAGVSGVIKMVQAMRHGLLPKTLHVDEPSDQID
WSAGAVELLTEAVDWPEKQDGGLRRAAVSSFGISGTNAHVVLEEAPVVVKLAPAPTSEGASVVEP
SVGGSAVGGGVTPWVVSAKSAAALDAQIERLAAFASRDRTDDADAGAVDAGAVAHVLADGRAQF
EHRAVALGAGADDLVQALADPDGLIRGTASGVGRVAFVFPGQGTQWAGMGAELLDSSAVFAAA
MAECEAALSPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLARVWQHHGVTPQAVVGH
SQGEIAAAYVAGALPLDDAARVVTLRSKSIAAHLAGKGGMLSLALNEDAVLERLSDFDGLSVAAV
NGPTATVVSGDPVQIEELAQACKADGFRARIIPVDYASHSRQVEIIESELAQVLAGLSPQAPRVPFFS
TLEGTWITEPVLDGTYWYRNLRHRVGFAPAIETLAVDEGFTHFVEVSAHPVLTMTLPETVTGLGT
LRREQGGQERLVTSLAEAWVNGLPVAWTSLLPATASRPGLPTYAFQAERYWLENTPAALATGDD
WRYRIDWKRLPAAEGSERTGLSGRWLAVTPEDHSAQAAAVLTALVDAGAKVEVLTAGADDDRE
ALAARLTALTTGDGFTGVVSLLDGLVPQVAWVQALGDAGIKAPLWSVTQGAVSVGRLDTPADPD
RAMLWGLGRVVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATGEDQIAIRTTGLHARRLAR
APLHGRRPTRDWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLVSRSGEQAPGATQLTAEL
TASGARVTIAACDVADPHAMRTLLDAIPAETPLTAVVHTAGALDDGIVDTLTAEQVRRAHRAKAV
GASVLDELTRDLDLDAFVLFSSVSSTLGIPGQGNYAPHNAYLDALAARRRATGRSAVSVAWGPWD
GGGMAAGDGVAERLRNHGVPGMDPELALAALESALGRDETAITVADIDWDRFYLAYSSGRPQPL
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VEELPEVRRIIDARDSATSGQGGSSAQGANPLAERLAAAAPGERTEILLGLVRAQAAAVLRMRSPE
DVAADRAFKDIGFDSLAGVELRNRLTRATGLQLPATLVFDHPTPLALVSLLRSEFLGDEEASNGIES
LLAELDRLDTTLAQGPSIPLEDQAKVAERLHALLAKWDGARDGTARATSPQSLTAATDDEIFDLID
RKFRRHHHHHH 
 

CP2P3N-[S8NDD/S3CDD]-CterHis6, (NAR1) 
MANEEKLREYLKRVVVELEEAHERLHELERQEHDPIAIVAMSCRYPGDIRSPEDLWRMLSEGGEG
ITPFPTDRGWDLDGLYDADPDALGRAYVREGGFLHDAAEFDAEFFGVSPREALAMDPQQRMLLT
TSWEAFERAGIEPASLRGSSTGVFIGLSYQDYAARVPNAPRGVEGYLLTGSTPSVASGRIAYTFGLE
GPATTVDTACSSSLTALHLAVRALRSGECTMALAGGVAMMATPHMFVEFSRQRALAPDGRSKAF
SADADGFGAAEGVGLLLVERLSDARRNGHPVLAVVRGTAVNQDGASNGLTAPNGPSQQRVIRQA
LADARLAPGDIDAVETHGTGTSLGDPIEAQGLQATYGKERPAERPLAIGSVKSNIGHTQAAAGAAG
IIKMVLAMRHGTLPKTLHADEPSPHVDWANSGLALVTEPIDWPAGTGPRRAAVSSFGISGTNAHV
VLEQAPDAASSGEVLGADEVPEVSETVAMAGTAGTSEVAEGSEASEAPAAPGSREASLPGHLPWV
LSAKDEQSLRGQAAALHAWLSEPAADLSDADGPARLRDVGYTLATSRTAFAHRAAVTAADRDGF
LDGLATLAQGGTSAHVHLDTARDGTTAFLFTGQGSQRPGAGRELYDRHPVFARALDEICAHLDG
HLELPLLDVMFAAEGSAEAALLDETRYTQCALFALEVALFRLVESWGMRPAALLGHSVGEIAAAH
VAGVFSLADAARLVAARGRLMQELPAGGAMLAVQAAEDEIRVWLETEERYAGRLDVAAVNGPE
AAVLSGDADAAREAEAYWSGLGRRTRALRVSHAFHSAHMDGMLDGFRAVLETVEFRRPSLTVVS
NVTGLAAGPDDLCDPEYWVRHVRGTVRFLDGVRVLRDLGVRTCLELGPDGVLTAMAADGLADT
PADSAAGSPVGSPAGSPADSAAGALRPRPLLVALLRRKRSETETVADALGRAHAHGTGPDWHAWF
AGSGAHRVDLPTYSFRRDRYWLDAPAADTAVDTAGLGLGTADHPLLGAVVSLPDRDGLLLTGRL
SLRTHPWLADHAVLGSVLLPGAAMVELAAHAAESAGLRDVRELTLLEPLVLPEHGGVELRVTVG
APAGEPGGESAGDGARPVSLHSRLADAPAGTAWSCHATGLLATDRPELPVAPDRAAMWPPQGAE
EVPLDGLYERLDGNGLAFGPLFQGLNAVWRYEGEVFADIALPATTNATAPATANGGGSAAAAPYG
IHPALLDASLHAIAVGGLVDEPELVRVPFHWSGVTVHAAGAAAARVRLASAGTDAVSLSLTDGEG
RPLVSVERLTLRPVTADQAAASRVGGLMHRVAWRPYALASSGEQDPHATSYGPTAVLGKDELKV
AAALESAGVEVGLYPDLAALSQDVAAGAPAPRTVLAPLPAGPADGGAEGVRGTVARTLELLQAW
LADEHLAGTRLLLVTRGAVRDPEGSGADDGGEDLSHAAAWGLVRTAQTENPGRFGLLDLADDAS
SYRTLPSVLSDAGLRDEPQLALHDGTIRLARLASVRPETGTAAPALAPEGTVLLTGGTGGLGGLVA
RHVVGEWGVRRLLLVSRRGTDAPGADELVHELEALGADVSVAACDVADREALTAVLDAIPAEHP
LTAVVHTAGVLSDGTLPSMTTEDVEHVLRPKVDAAFLLDELTSTPAYDLAAFVMFSSAAAVFGGA
GQGAYAAANATLDALAWRRRAAGLPALSLGWGLWAETSGMTGELGQADLRRMSRAGIGGISDA
EGIALLDAALRDDRHPVLLPLRLDAAGLRDAAGNDPAGIPALFRDVVGARTVRARPSAASASTTAG
TAGTPGTADGAAETAAVTLADRAATVDGPARQRLLLEFVVGEVAEVLGHARGHRIDAERGFLDL
GFDSLTAVELRNRLNSAGGLALPATLVFDHPSPAALASHLDAELPRGASASAGTFEELDRWAANLP
TLARDEATRAQITTRLQAILQSLADVSGGTGGGSVPDRLRSATDDELFQLLDNDLELPHHHHHH 
 
CP3P4N-[S3NDD/E3CDD]-CterHis6, (NAR1) 
MSNEEKLREYLRRALVDLHQARERLHEAESGEREPIAIVGMACRLPGGVASPEDLWRLVAGGED
AISEFPQDRGWDVEGLYDPNPEATGKSYAREAGFLYEAGEFDADFFGISPREALAMDPQQRLLLEA
SWEAFEHAGIPAATARGTSVGVFTGVMYHDYATRLTDVPEGIEGYLGTGNSGSVASGRVAYTLGL
EGPAVTVDTACSSSLVALHLAVQALRKGEVDMALAGGVTVMSTPSTFVEFSRQRGLAPDGRSKSF
SSTADGTSWSEGVGVLLVERLSDARRKGHRILAVVRGTAVNQDGASSGLTAPNGPSQQRVIRRAL
ADARLTTSDVDVVEAHGTGTRLGDPIEAQAVIATYGQGRDGEQPLRLGSLKSNIGHTQAAAGVSG
VIKMVQAMRHGVLPKTLHVEKPTDQVDWSAGAVELLTEAMDWPDKGDGGLRRAAVSSFGVSGT
NAHVVLEEAPAAESSETPASEATPAVEPSVGAGLVPWLVSAKTPAALDAQIGRLAAFASQGRTDAA
DPGAVARVLAGGRAEFEHRAVVLGTGQDDFAQALTAPEGLIRGTPSDVGRVAFVFPGQGTQWAG
MGAELLDVSKEFAAAMAECESALSRYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAKV
WQHHGVTPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEAT
RQRIENLHGLSIAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELAE
VLAGLSPRTPEVPFFSTLEGAWITEPVLDGTYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHP
VLTMTLPETVTGLGTLRREQGGQERLVTSLAEAWTNGLTIDWAPVLPTATGHHPELPTYAFQRR
HYWLHDSPAVQGSVQDSWRYRIDWKRLAVADASERAGLSGRWLVVVPEDRSAEAAPVLAALSGA
GADPVQLDVSPLGDRQRLAATLGEALAAAGGAVDGVLSLLAWDESAHPGHPAPFTRGTGATLTL



 
 

S34 

VQALEDAGVAAPLWCVTHGAVSVGRADHVTSPAQAMVWGMGRVAALEHPERWGGLIDLPSDAD
RAALDRMTTVLAGGTGEDQVAVRASGLLARRLVRASLPAHGTASPWWQADGTVLVTGAEEPAA
AEAARRLARDGAGHLLLHTTPSGSEGAEGTSGAAEDSGLAGLVAELADLGATATVVTCDLTDAEA
AARLLAGVSDAHPLSAVLHLPPTVDSEPLAATDADALARVVTAKATAALHLDRLLREAAAAGGRP
PVLVLFSSVAAIWGGAGQGAYAAGTAFLDALAGQHRADGPTVTSVAWSPWEGSRVTEGATGERL
RRLGLRPLAPATALTALDTALGHGDTAVTIADVDWSSFAPGFTTARPGTLLADLPEARRALDEQQ
STTAADDTVLSRELGALTGAEQQRRMQELVREHLAVVLNHPSPEAVDTGRAFRDLGFDSLTAVEL
RNRLKNATGLALPATLVFDYPTPRTLAEFLLAEILGEQAASPSALAGLDALEAALPEVPATEREEL
VQRLERMLAALRPVAQAADASGTGANPSGDDLGEAGVDELLEALGRELDGDHHHHHH 
 
CP4P5N-[E3NDD/E5CDD]-CterHis6, (NAR1) 
MTDSEKVAEYLRRATLDLRAARQRIRELESDPIAIVGMACRLPGGVASPEDLWRLVAGGEDAISGF
PQDRGWDVEGLYDPDPDASGRTYCRAGGFLDEAGEFDADFFGISPREALAMDPQQRLLLETSWEA
VEDAGIDPTSLQGQQVGVFAGTNGPHYEPLLRNTAEDLEGYVGTGNAASIMSGRVSYTLGLEGPA
VTVDTACSSSLVALHLAVQALRKGECGLALAGGVTVMSTPTTFVEFSRQRGLAEDGRSKAFAASA
DGFGPAEGVGMLLVERLSDARRNGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRRALADA
RLTTADVDVVEAHGTGTRLGDPIEAQALIATYGQGRDTEQPLRLGSLKSNIGHTQAAAGVSGIIKM
VQAMRHGVLPKTLHVDRPSDQIDWSAGTVELLTEAMDWPRKQEGGLRRAAVSSFGISGTNAHIV
LEEAPVDEKLAPAPTSDAPADEPSVGGVVPWLVSAKTPAALDAQIGRLAAFASQGRTDAADPGAV
ARVLAGGRAQFEHRAVALGTGQDDLAAALAAPEGLVRGVASGVGRVAFVFPGQGTQWAGMGAE
LLDVSKEFAAAMAECEAALAPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAKVWQH
HGVTPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIGAHLAGQGGMLSLALSEAAVVERL
AGFDGLSVAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELADVLA
GLSPQTPQVPFFSTLEGAWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFVEVSAHPVL
TMALPETVTGLGTLRRDNGGQHRLTTSLAEAWANGLTVDWASLLPTTTTHPDLPTYAFQTERYW
PQPDLSAAGDITSAGLGAAEHPLLGAAVALADSDGCLLTGSLSLRTHPWLADHAVAGTVLLPGTA
FVELAFRAGDQVGCDLVEELTLDAPLVLPRRGAVRVQLSVGASDESGRRTFGLYAHPEDAPGEAE
WTRHATGVLAARADRTAPVADPEAWPPPGAEPVDVDGLYERFAANGYGYGPLFQGVRGVWRRG
DEVFADVALPAEVAGAEGARFGLHPALLDAAVQAAGAGRGVRRGHAAAVRLERDLLYAVGATAL
RVRLAPAGPDTVSVSAADSSGQPVFAADSLTVLPVDPAQLAAFSDPTLDALHLLEWTAWDGAAQA
LPGAVVLGGDADGLAAALRAGGTEVLSFPDLTDLVEAVDRGETPAPATVLVACPAAGPDGPEHVR
EALHGSLALMQAWLADERFTDGRLVLVTRDAVAARSGDGLRSTGQAAVWGLGRSAQTESPGRF
VLLDLAGEARTAGDATAGDGLTTGDATVGGTSGDAALGSALATALGSGEPQLALRDGALLVPRL
ARAAAPAAADGLAAADGLAALPLPAAPALWRLEPGTDGSLESLTAAPGDAETLAPEPLGPGQVRI
AIRATGLNFRDVLIALGMYPDPALMGTEGAGVVTATGPGVTHLAPGDRVMGLLSGAYAPVVVAD
ARTVARMPEGWTFAQGASVPVVFLTAVYALRDLADVKPGERLLVHSAAGGVGMAAVQLARHWG
VEVHGTASHGKWDALRALGLDDAHIASSRTLDFESAFRAASGGAGMDVVLNSLAREFVDASLRLL
GPGGRFVEMGKTDVRDAERVAADHPGVGYRAFDLGEAGPERIGEMLAEVIALFEDGVLRHLPVT
TWDVRRARDAFRHVSQARHTGKVVLTMPSGLDPEGTVLLTGGTGALGGIVARHVVGEWGVRRL
LLVSRRGTDAPGAGELVHELEALGADVSVAACDVADREALTAVLDSIPAEHPLTAVVHTAGVLSD
GTLPSMTAEDVEHVLRPKVDAAFLLDELTSTPGYDLAAFVMFSSAAAVFGGAGQGAYAAANATLD
ALAWRRRTAGLPALSLGWGLWAETSGMTGGLSDTDRSRLARSGATPMDSELTLSLLDAAMRRD
DPALVPIALDVAALRAQQRDGMLAPLLSGLTRGSRVGGAPVNQRRAAAGGAGEADTDLGGRLAA
MTPDDRVAHLRDLVRTHVATVLGHGTPSRVDLERAFRDTGFDSLTAVELRNRLNAATGLRLPATL
VFDHPTPGELAGHLLDELATAAGASAVDIGDRLDELEKALEALSAEDGHDDVGQRLESLLRRWNS
RRADAPSTSAISEDASDDELFSMLDQRFGGGEDLHHHHHH 

 

CP5P6N-[E5NDD/S5CDD]-CterHis6, (NAR1; x6) 
MSGDNGMTEEKLRRYLKRTVTELDSVTARLREVEHRAGEPIAIVGMACRLPGGVASPEDLWQLV
AGDGDAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQ
RLSLTTAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSG
RIAYVLGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGL
AADGRSKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPS
QQRVIRRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHT
QAAAGVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAV



 
 

S35 

SSFGISGTNAHVVLEEAPAVESSDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDV
DPAVAARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWA
GMGAELLDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAK
VWQHHGITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAV
LKRLSDFDGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAE
VLAGLAPQAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPV
LTMTLPETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERF
WLQSSAPTSAADDWRYRVEWKPLTASGQADLSGRWIVAVGSEPEAELLGALKAAGAEVDVLEAG
ADDDREALAARLTALTTGDGFTGVVSLLDDLVPQVAWVQALGDAGIKAPLWSVTQGAVSVGRLD
TPADPDRAMLWGLGRVVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATGEDQIAIRTTGLH
ARRLARAPLHGRRPTRDWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLVSRSGEQAPGAT
QLTAELTASGARVTIAACDVADPHAMRTLLDAIPAETPLTAVVHTAGAPGGDPLDVTGPEDIARIL
GAKTSGAEVLDDLLRGTPLDAFVLYSSNAGVWGSGSQGVYAAANAHLDALAARRRARGETATSV
AWGLWAGDGMGRGADDAYWQRRGIRPMSPDRALDELAKALSHDETFVAVADVDWERFAPAFT
VSRPSLLLDGVPEARQALAAPVGAPAPGDAAVAPTGQSSALAAITALPEPERRPALLTLVRTHAAA
VLGHSSPDRVAPGRAFTELGFDSLTAVQLRNQLSTVVGNRLPATTVFDHPTPAALAAHLHEAYLAP
AEASTVDSALAELDRIEQQLSMLTGEARARDRIATRLRALHEKWNSAAEVPTGADVLSTLDSATH
DEIFEFIDNELDLSHHHHHH 
 

CP6P7-[S5NDD]-CterHis6, (NAR1; y1) 
MANEEKLFGYLKKVTADLHQTRQRLLAAESRSQEPIAIVGMSCRFAGGIRSPEDLWDAVAAGKDL
VSEVPEERGWDIDSLYDPVPGRKGTTYVRNAAFLDDAAGFDAAFFGISPREALAMDPQQRQLLEAS
WEVFERAGIDPASVRGTDVGVYVGCGYQDYAPDIRVAPEGTGGYVVTGNSSAVASGRIAYSLGLE
GPAVTVDTACSSSLVALHLALKGLRNGDCSTALVGGVAVLATPGAFIEFSSQQAMAADGRTKGFA
SAADGLAWGEGVAVLLLERLSDARRKGHRVLAVVRGSAINQDGASNGLTAPHGPSQQRLIRQAL
ADARLTSSDVDVVEGHGTGTRLGDPIEAQALLATYGQGRAPGQPLRLGTLKSNIGHTQAASGVAG
VIKMVQALRHGVLPKTLHVDEPTDQVDWSAGSVELLTEAVDWPERPGRLRRAGVSAFGVGGTNA
HVVLEEAPAVEESSSPAVEPPAGGGVVPWPVSAKTSAALDAQIGQLAAYAEDRTDVDPAVAARAL
VDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTVTDPGRVAFVFPGQGTQWAGMGAELLDS
SPEFAAAMAECETALSPYVDWSLEAVVRQAPSAPTLDRVDVVQPVTFAVMVSLAKVWQHHGITPE
AVIGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRIENLHGLSI
AAVNGPTATVVSGDPTQIQELAQACEADGIRARIIPVDYASHSAHVETIENELADVLAGLSPQTPQV
PFFSTLEGTWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTLPDKVT
GLATLRREDGGQHRLTTSLAEAWANGLALDWASLLPATGALSPAVPDLPTYAFQHRSYWISPAGP
GEAPAHTASGREAVAETGLAWGPGAEDLDEEGRRSAVLAMVMRQAASVLRCDSPEEVPVDRPLR
EIGFDSLTAVDFRNRVNRLTGLQLPPTVVFEHPTPVALAERISDELAERNWAVAEPSDHEQAEEEK
AAAPAGARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVLAEASAFRPQFASPEACSERLDPVLL
AGGPTDRAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERDFLAVPLPGYGTGTGTGTALLPADL
DTALDAQARAILRAAGDAPVVLLGHSGGALLAHELAFRLERAHGAPPAGIVLVDPYPPGHQEPIEV
WSRQLGEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRSSAPVLLVRASEPLGDWQEERGDWR
AHWDLPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIEGIEGAGKHHHHHH 
 

P1P2N-[S8CDD]-CterHis6, (NAR2) 
MSSAGITRTGARTPVTGRGAAAWDTGEVRVRRGLPPAGPDHAEHSFSRAPTGDVRAELIRGEMST
VSKSESEEFVSVSNDAGSAHGTAEPVAVVGISCRVPGARDPREFWELLAAGGQAVTDVPADRWNA
GDFYDPDRSAPGRSNSRWGGFIEDVDRFDAAFFGISPREAAEMDPQQRLALELGWEALERAGIDPS
SLTGTRTGVFAGAIWDDYATLKHRQGGAAITPHTVTGLHRGIIANRLSYTLGLRGPSMVVDSGQSS
SLVAVHLACESLRRGESELALAGGVSLNLVPDSIIGASKFGGLSPDGRAYTFDARANGYVRGEGGG
FVVLKRLSRAVADGDPVLAVIRGSAVNNGGAAQGMTTPDAQAQEAVLREAHERAGTAPADVRYV
ELHGTGTPVGDPIEAAALGAALGTGRPAGQPLLVGSVKTNIGHLEGAAGIAGLIKAVLAVRGRAL
PASLNYETPNPAIPFEELNLRVNTEYLPWEPEHDGQRMVVGVSSFGMGGTNAHVVLEEAPGVVEG
ASVVESTVGGSAVGGGVVPWVVSAKSAAALDAQIERLAAFASRDRTDGVDAGAVDAGAVDAGAV
ARVLAGGRAQFEHRAVVVGSGPDDLAAALAAPEGLVRGVASGVGRVAFVFPGQGTQWAGMGAE
LLDSSAVFAAAMAECEAALSPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLARVWQHH
GVTPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIAAHLAGKGGMLSLALSEDAVLERLA
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GFDGLSVAAVNGPTATVVSGDPVQIEELARACEADGVRARVIPVDYASHSRQVEIIESELAEVLAGL
SPQAPRVPFFSTLEGAWITEPVLDGGYWYRNLRHRVGFAPAVETLATDEGFTHFVEVSAHPVLTM
ALPGTVTGLATLRRDNGGQDRLVASLAEAWANGLAVDWSPLLPSATGHHSDLPTYAFQTERHWL
GEIEALAPAGEPAVQPAVLRTEAAEPAELDRDEQLRVILDKVRAQTAQVLGYATGGQIEVDRTFR
EAGCTSLTGVDLRNRINAAFGVRMAPSMIFDFPTPEALAEQLLLVVHGEAAANPAGAEPAPVAAA
GAVDEPVAIVGMACRLPGGVASPEDLWRLVAGGGDAISEFPQDRGWDVEGLYHPDPEHPGTSYV
RQGGFIENVAGFDAAFFGISPREALAMDPQQRLLLETSWEAVEDAGIDPTSLRGRQVGVFTGAMT
HEYGPSLRDGGEGLDGYLLTGNTASVMSGRVSYTLGLEGPALTVDTACSSSLVALHLAVQALRKG
EVDMALAGGVAVMPTPGMFVEFSRQRGLAGDGRSKAFAASADGTSWSEGVGVLLVERLSDARRN
GHQVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRRALADARLTTSDVDVVEAHGTGTRLGDPIE
AQALIATYGQGRDDEQPLRLGSLKSNIGHTQAAAGVSGVIKMVQAMRHGLLPKTLHVDEPSDQID
WSAGAVELLTEAVDWPEKQDGGLRRAAVSSFGISGTNAHVVLEEAPVVVEGASVVEPSVGGSAVG
GGVTPWVVSAKSAAALDAQIERLAAFASRDRTDDADAGAVDAGAVAHVLADGRAQFEHRAVALG
AGADDLVQALADPDGLIRGTASGVGRVAFVFPGQGTQWAGMGAELLDSSAVFAAAMAECEAALS
PYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLARVWQHHGVTPQAVVGHSQGEIAAAYV
AGALPLDDAARVVTLRSKSIAAHLAGKGGMLSLALNEDAVLERLSDFDGLSVAAVNGPTATVVSG
DPVQIEELAQACKADGFRARIIPVDYASHSRQVEIIESELAQVLAGLSPQAPRVPFFSTLEGTWITEP
VLDGTYWYRNLRHRVGFAPAIETLAVDEGFTHFVEVSAHPVLTMTLPETVTGLGTLRREQGGQE
RLVTSLAEAWVNGLPVAWTSLLPATASRPGLPTYAFQAERYWLENTPAALATGDDWRYRIDWKR
LPAAEGSERTGLSGRWLAVTPEDHSAQAAAVLTALVDAGAKVEVLTAGADDDREALAARLTALT
TGDGFTGVVSLLDGLVPQVAWVQALGDAGIKAPLWSVTQGAVSVGRLDTPADPDRAMLWGLGR
VVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATGEDQIAIRTTGLHARRLARAPLHGRRPTR
DWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLVSRSGEQAPGATQLTAELTASGARVTIAA
CDVADPHAMRTLLDAIPAETPLTAVVHTAGALDDGIVDTLTAEQVRRAHRAKAVGASVLDELTRD
LDLDAFVLFSSVSSTLGIPGQGNYAPHNAYLDALAARRRATGRSAVSVAWGPWDGGGMAAGDGV
AERLRNHGVPGMDPELALAALESALGRDETAITVADIDWDRFYLAYSSGRPQPLVEELPEVRRIID
ARDSATSGQGGSSAQGANPLAERLAAAAPGERTEILLGLVRAQAAAVLRMRSPEDVAADRAFKDI
GFDSLAGVELRNRLTRATGLQLPATLVFDHPTPLALVSLLRSEFLGDEENGIESLLAELDRLDTTLA
QGPSIPLEDQAKVAERLHALLAKWDGARDGTARATSPQSLTAATDDEIFDLIDRKFRRHHHHHH 
 

CP2P3N-[S8NDD/P3CDD]-CterHis6, (NAR2) 
MANEEKLREYLKRVVVELEEAHERLHELERQEHDPIAIVAMSCRYPGDIRSPEDLWRMLSEGGEG
ITPFPTDRGWDLDGLYDADPDALGRAYVREGGFLHDAAEFDAEFFGVSPREALAMDPQQRMLLT
TSWEAFERAGIEPASLRGSSTGVFIGLSYQDYAARVPNAPRGVEGYLLTGSTPSVASGRIAYTFGLE
GPATTVDTACSSSLTALHLAVRALRSGECTMALAGGVAMMATPHMFVEFSRQRALAPDGRSKAF
SADADGFGAAEGVGLLLVERLSDARRNGHPVLAVVRGTAVNQDGASNGLTAPNGPSQQRVIRQA
LADARLAPGDIDAVETHGTGTSLGDPIEAQGLQATYGKERPAERPLAIGSVKSNIGHTQAAAGAAG
IIKMVLAMRHGTLPKTLHADEPSPHVDWANSGLALVTEPIDWPAGTGPRRAAVSSFGISGTNAHV
VLEQAPDAAGEVLGADEVPEVSETVAMAGTAGTSEVAEGSEASEAPAAPGSREASLPGHLPWVLS
AKDEQSLRGQAAALHAWLSEPAADLSDADGPARLRDVGYTLATSRTAFAHRAAVTAADRDGFLD
GLATLAQGGTSAHVHLDTARDGTTAFLFTGQGSQRPGAGRELYDRHPVFARALDEICAHLDGHL
ELPLLDVMFAAEGSAEAALLDETRYTQCALFALEVALFRLVESWGMRPAALLGHSVGEIAAAHVA
GVFSLADAARLVAARGRLMQELPAGGAMLAVQAAEDEIRVWLETEERYAGRLDVAAVNGPEAA
VLSGDADAAREAEAYWSGLGRRTRALRVSHAFHSAHMDGMLDGFRAVLETVEFRRPSLTVVSNV
TGLAAGPDDLCDPEYWVRHVRGTVRFLDGVRVLRDLGVRTCLELGPDGVLTAMAADGLADTPA
DSAAGSPVGSPAGSPADSAAGALRPRPLLVALLRRKRSETETVADALGRAHAHGTGPDWHAWFA
GSGAHRVDLPTYSFRRDRYWLDAPAADTAVDTAGLGLGTADHPLLGAVVSLPDRDGLLLTGRLSL
RTHPWLADHAVLGSVLLPGAAMVELAAHAAESAGLRDVRELTLLEPLVLPEHGGVELRVTVGAP
AGEPGGESAGDGARPVSLHSRLADAPAGTAWSCHATGLLATDRPELPVAPDRAAMWPPQGAEEV
PLDGLYERLDGNGLAFGPLFQGLNAVWRYEGEVFADIALPATTNATAPATANGGGSAAAAPYGIH
PALLDASLHAIAVGGLVDEPELVRVPFHWSGVTVHAAGAAAARVRLASAGTDAVSLSLTDGEGRP
LVSVERLTLRPVTADQAAASRVGGLMHRVAWRPYALASSGEQDPHATSYGPTAVLGKDELKVAA
ALESAGVEVGLYPDLAALSQDVAAGAPAPRTVLAPLPAGPADGGAEGVRGTVARTLELLQAWLA
DEHLAGTRLLLVTRGAVRDPEGSGADDGGEDLSHAAAWGLVRTAQTENPGRFGLLDLADDASSY
RTLPSVLSDAGLRDEPQLALHDGTIRLARLASVRPETGTAAPALAPEGTVLLTGGTGGLGGLVAR
HVVGEWGVRRLLLVSRRGTDAPGADELVHELEALGADVSVAACDVADREALTAVLDAIPAEHPL
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TAVVHTAGVLSDGTLPSMTTEDVEHVLRPKVDAAFLLDELTSTPAYDLAAFVMFSSAAAVFGGAG
QGAYAAANATLDALAWRRRAAGLPALSLGWGLWAETSGMTGELGQADLRRMSRAGIGGISDAE
GIALLDAALRDDRHPVLLPLRLDAAGLRDAAGNDPAGIPALFRDVVGARTVRARPSAASASTTAGT
AGTPGTADGAAETAAVTLADRAATVDGPARQRLLLEFVVGEVAEVLGHARGHRIDAERGFLDLG
FDSLTAVELRNRLNSAGGLALPATLVFDHPSPAALASHLDAELPRGASDQDGAGNRNGNENGTTA
SRSTAETDALLAQLTRLEGALVLTGLSDAPGSEEVLEHLRSLRSMVTGETGTGTASGAPDGAGSG
AEDRPWAAGDGAGGGSEDGAGVPDFMNASAEELFGLLDQDPSTDHHHHHH 
 

CP3P4N-[P3NDD/S3CDD]-CterHis6, (NAR2) 
MSTVNEEKYLDYLRRATADLHEARGRLRELEAKAGEPVAIVGMACRLPGGVASPEDLWRLVAGG
EDAISEFPQDRGWDVEGLYDPNPEATGKSYAREAGFLYEAGEFDADFFGISPREALAMDPQQRLLL
EASWEAFEHAGIPAATARGTSVGVFTGVMYHDYATRLTDVPEGIEGYLGTGNSGSVASGRVAYTL
GLEGPAVTVDTACSSSLVALHLAVQALRKGEVDMALAGGVTVMSTPSTFVEFSRQRGLAPDGRSK
SFSSTADGTSWSEGVGVLLVERLSDARRKGHRILAVVRGTAVNQDGASSGLTAPNGPSQQRVIRRA
LADARLTTSDVDVVEAHGTGTRLGDPIEAQAVIATYGQGRDGEQPLRLGSLKSNIGHTQAAAGVS
GVIKMVQAMRHGVLPKTLHVEKPTDQVDWSAGAVELLTEAMDWPDKGDGGLRRAAVSSFGVSG
TNAHVVLEEAPAAEETPASEATPAVEPSVGAGLVPWLVSAKTPAALDAQIGRLAAFASQGRTDAA
DPGAVARVLAGGRAEFEHRAVVLGTGQDDFAQALTAPEGLIRGTPSDVGRVAFVFPGQGTQWAG
MGAELLDVSKEFAAAMAECESALSRYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAKV
WQHHGVTPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEAT
RQRIENLHGLSIAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELAE
VLAGLSPRTPEVPFFSTLEGAWITEPVLDGTYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHP
VLTMTLPETVTGLGTLRREQGGQERLVTSLAEAWTNGLTIDWAPVLPTATGHHPELPTYAFQRR
HYWLHDSPAVQGSVQDSWRYRIDWKRLAVADASERAGLSGRWLVVVPEDRSAEAAPVLAALSGA
GADPVQLDVSPLGDRQRLAATLGEALAAAGGAVDGVLSLLAWDESAHPGHPAPFTRGTGATLTL
VQALEDAGVAAPLWCVTHGAVSVGRADHVTSPAQAMVWGMGRVAALEHPERWGGLIDLPSDAD
RAALDRMTTVLAGGTGEDQVAVRASGLLARRLVRASLPAHGTASPWWQADGTVLVTGAEEPAA
AEAARRLARDGAGHLLLHTTPSGSEGAEGTSGAAEDSGLAGLVAELADLGATATVVTCDLTDAEA
AARLLAGVSDAHPLSAVLHLPPTVDSEPLAATDADALARVVTAKATAALHLDRLLREAAAAGGRP
PVLVLFSSVAAIWGGAGQGAYAAGTAFLDALAGQHRADGPTVTSVAWSPWEGSRVTEGATGERL
RRLGLRPLAPATALTALDTALGHGDTAVTIADVDWSSFAPGFTTARPGTLLADLPEARRALDEQQ
STTAADDTVLSRELGALTGAEQQRRMQELVREHLAVVLNHPSPEAVDTGRAFRDLGFDSLTAVEL
RNRLKNATGLALPATLVFDYPTPRTLAEFLLAEILGEQAGAGTFEELDRWAANLPTLARDEATRA
QITTRLQAILQSLADVSGGTGGGSVPDRLRSATDDELFQLLDNDLELPHHHHHH 
 

CP4P5N-[S3NDD/P5CDD]-CterHis6, (NAR2) 
MSNEEKLREYLRRALVDLHQARERLHEAESGEREPVAIVGMACRLPGGVASPEDLWRLVAGGED
AISGFPQDRGWDVEGLYDPDPDASGRTYCRAGGFLDEAGEFDADFFGISPREALAMDPQQRLLLE
TSWEAVEDAGIDPTSLQGQQVGVFAGTNGPHYEPLLRNTAEDLEGYVGTGNAASIMSGRVSYTLG
LEGPAVTVDTACSSSLVALHLAVQALRKGECGLALAGGVTVMSTPTTFVEFSRQRGLAEDGRSKA
FAASADGFGPAEGVGMLLVERLSDARRNGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRR
ALADARLTTADVDVVEAHGTGTRLGDPIEAQALIATYGQGRDTEQPLRLGSLKSNIGHTQAAAGV
SGIIKMVQAMRHGVLPKTLHVDRPSDQIDWSAGTVELLTEAMDWPRKQEGGLRRAAVSSFGISGT
NAHIVLEEAPVDEDAPADEPSVGGVVPWLVSAKTPAALDAQIGRLAAFASQGRTDAADPGAVARV
LAGGRAQFEHRAVALGTGQDDLAAALAAPEGLVRGVASGVGRVAFVFPGQGTQWAGMGAELLD
VSKEFAAAMAECEAALAPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAKVWQHHGV
TPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIGAHLAGQGGMLSLALSEAAVVERLAGF
DGLSVAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELADVLAGLSP
QTPQVPFFSTLEGAWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFVEVSAHPVLTMAL
PETVTGLGTLRRDNGGQHRLTTSLAEAWANGLTVDWASLLPTTTTHPDLPTYAFQTERYWPQPD
LSAAGDITSAGLGAAEHPLLGAAVALADSDGCLLTGSLSLRTHPWLADHAVAGTVLLPGTAFVEL
AFRAGDQVGCDLVEELTLDAPLVLPRRGAVRVQLSVGASDESGRRTFGLYAHPEDAPGEAEWTR
HATGVLAARADRTAPVADPEAWPPPGAEPVDVDGLYERFAANGYGYGPLFQGVRGVWRRGDEV
FADVALPAEVAGAEGARFGLHPALLDAAVQAAGAGRGVRRGHAAAVRLERDLLYAVGATALRV
RLAPAGPDTVSVSAADSSGQPVFAADSLTVLPVDPAQLAAFSDPTLDALHLLEWTAWDGAAQALP
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GAVVLGGDADGLAAALRAGGTEVLSFPDLTDLVEAVDRGETPAPATVLVACPAAGPDGPEHVREA
LHGSLALMQAWLADERFTDGRLVLVTRDAVAARSGDGLRSTGQAAVWGLGRSAQTESPGRFVLL
DLAGEARTAGDATAGDGLTTGDATVGGTSGDAALGSALATALGSGEPQLALRDGALLVPRLARA
AAPAAADGLAAADGLAALPLPAAPALWRLEPGTDGSLESLTAAPGDAETLAPEPLGPGQVRIAIRA
TGLNFRDVLIALGMYPDPALMGTEGAGVVTATGPGVTHLAPGDRVMGLLSGAYAPVVVADARTV
ARMPEGWTFAQGASVPVVFLTAVYALRDLADVKPGERLLVHSAAGGVGMAAVQLARHWGVEV
HGTASHGKWDALRALGLDDAHIASSRTLDFESAFRAASGGAGMDVVLNSLAREFVDASLRLLGPG
GRFVEMGKTDVRDAERVAADHPGVGYRAFDLGEAGPERIGEMLAEVIALFEDGVLRHLPVTTWD
VRRARDAFRHVSQARHTGKVVLTMPSGLDPEGTVLLTGGTGALGGIVARHVVGEWGVRRLLLVS
RRGTDAPGAGELVHELEALGADVSVAACDVADREALTAVLDSIPAEHPLTAVVHTAGVLSDGTLP
SMTAEDVEHVLRPKVDAAFLLDELTSTPGYDLAAFVMFSSAAAVFGGAGQGAYAAANATLDALA
WRRRTAGLPALSLGWGLWAETSGMTGGLSDTDRSRLARSGATPMDSELTLSLLDAAMRRDDPAL
VPIALDVAALRAQQRDGMLAPLLSGLTRGSRVGGAPVNQRRAAAGGAGEADTDLGGRLAAMTPD
DRVAHLRDLVRTHVATVLGHGTPSRVDLERAFRDTGFDSLTAVELRNRLNAATGLRLPATLVFDH
PTPGELAGHLLDELATAAGGSWAEGTGSGDTASATDRQTTAALAELDRLEGVLASLAPAAGGRPE
LAARLRALAAALGDDGDDATDLDEASDDDLFSFIDKELGDSDFHHHHHH 

 

CP5P6N-[P5NDD/P6CDD]-CterHis6, (NAR2) 
MANNEDKLRDYLKRVTAELQQNTRRLREIEGRTHEPVAIVGMACRLPGGVASPEDLWQLVAGDG
DAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQRLSLT
TAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSGRIAYV
LGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGLAADGR
SKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPSQQRVI
RRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHTQAAA
GVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAVSSFGI
SGTNAHVVLEEAPAVEDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDVDPAVAA
RALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWAGMGAEL
LDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAKVWQHHG
ITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAVLKRLSDF
DGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAEVLAGLAP
QAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPVLTMTLP
ETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERFWLQSSA
PTSAADDWRYRVEWKPLTASGQADLSGRWIVAVGSEPEAELLGALKAAGAEVDVLEAGADDDRE
ALAARLTALTTGDGFTGVVSLLDDLVPQVAWVQALGDAGIKAPLWSVTQGAVSVGRLDTPADPD
RAMLWGLGRVVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATGEDQIAIRTTGLHARRLAR
APLHGRRPTRDWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLVSRSGEQAPGATQLTAEL
TASGARVTIAACDVADPHAMRTLLDAIPAETPLTAVVHTAGAPGGDPLDVTGPEDIARILGAKTSG
AEVLDDLLRGTPLDAFVLYSSNAGVWGSGSQGVYAAANAHLDALAARRRARGETATSVAWGLW
AGDGMGRGADDAYWQRRGIRPMSPDRALDELAKALSHDETFVAVADVDWERFAPAFTVSRPSLL
LDGVPEARQALAAPVGAPAPGDAAVAPTGQSSALAAITALPEPERRPALLTLVRTHAAAVLGHSSP
DRVAPGRAFTELGFDSLTAVQLRNQLSTVVGNRLPATTVFDHPTPAALAAHLHEAYLAPAEPAPTD
WEGRVRRALAELPLDRLRDAGVLDTVLRLTGIEPEPGSGGSDGGAADPGAEPEASIDDLDAEALIR
MALGPRNTHHHHHH 
 

CP6P7-[P6NDD]-CterHis6, (NAR2) 
MTSSNEQLVDALRASLKENEELRKESRRRADRRQEPMAIVGMSCRFAGGIRSPEDLWDAVAAGK
DLVSEVPEERGWDIDSLYDPVPGRKGTTYVRNAAFLDDAAGFDAAFFGISPREALAMDPQQRQLL
EASWEVFERAGIDPASVRGTDVGVYVGCGYQDYAPDIRVAPEGTGGYVVTGNSSAVASGRIAYSL
GLEGPAVTVDTACSSSLVALHLALKGLRNGDCSTALVGGVAVLATPGAFIEFSSQQAMAADGRTK
GFASAADGLAWGEGVAVLLLERLSDARRKGHRVLAVVRGSAINQDGASNGLTAPHGPSQQRLIR
QALADARLTSSDVDVVEGHGTGTRLGDPIEAQALLATYGQGRAPGQPLRLGTLKSNIGHTQAASG
VAGVIKMVQALRHGVLPKTLHVDEPTDQVDWSAGSVELLTEAVDWPERPGRLRRAGVSAFGVG
GTNAHVVLEEAPAVEESPAVEPPAGGGVVPWPVSAKTSAALDAQIGQLAAYAEDRTDVDPAVAAR
ALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTVTDPGRVAFVFPGQGTQWAGMGAELL
DSSPEFAAAMAECETALSPYVDWSLEAVVRQAPSAPTLDRVDVVQPVTFAVMVSLAKVWQHHGIT



 
 

S39 

PEAVIGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRIENLHG
LSIAAVNGPTATVVSGDPTQIQELAQACEADGIRARIIPVDYASHSAHVETIENELADVLAGLSPQTP
QVPFFSTLEGTWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTLPDK
VTGLATLRREDGGQHRLTTSLAEAWANGLALDWASLLPATGALSPAVPDLPTYAFQHRSYWISPA
GPGEAPAHTASGREAVAETGLAWGPGAEDLDEEGRRSAVLAMVMRQAASVLRCDSPEEVPVDRP
LREIGFDSLTAVDFRNRVNRLTGLQLPPTVVFEHPTPVALAERISDELAERNWAVAEPSDHEQAEE
EKAAAPAGARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVLAEASAFRPQFASPEACSERLDPV
LLAGGPTDRAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERDFLAVPLPGYGTGTGTGTALLPA
DLDTALDAQARAILRAAGDAPVVLLGHSGGALLAHELAFRLERAHGAPPAGIVLVDPYPPGHQEPI
EVWSRQLGEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRSSAPVLLVRASEPLGDWQEERGD
WRAHWDLPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIEGIEGAGKHHHHHH 
 

PikAII-[P3NDD/P5CDD]-CterHis6, (NAR3) 
MSTVNEEKYLDYLRRATADLHEARGRLRELEAKAGEPVAIVGMACRLPGGVASPEDLWRLVAGG
EDAISEFPQDRGWDVEGLYDPNPEATGKSYAREAGFLYEAGEFDADFFGISPREALAMDPQQRLLL
EASWEAFEHAGIPAATARGTSVGVFTGVMYHDYATRLTDVPEGIEGYLGTGNSGSVASGRVAYTL
GLEGPAVTVDTACSSSLVALHLAVQALRKGEVDMALAGGVTVMSTPSTFVEFSRQRGLAPDGRSK
SFSSTADGTSWSEGVGVLLVERLSDARRKGHRILAVVRGTAVNQDGASSGLTAPNGPSQQRVIRRA
LADARLTTSDVDVVEAHGTGTRLGDPIEAQAVIATYGQGRDGEQPLRLGSLKSNIGHTQAAAGVS
GVIKMVQAMRHGVLPKTLHVEKPTDQVDWSAGAVELLTEAMDWPDKGDGGLRRAAVSSFGVSG
TNAHVVLEEAPAAEETPASEATPAVEPSVGAGLVPWLVSAKTPAALDAQIGRLAAFASQGRTDAA
DPGAVARVLAGGRAEFEHRAVVLGTGQDDFAQALTAPEGLIRGTPSDVGRVAFVFPGQGTQWAG
MGAELLDVSKEFAAAMAECESALSRYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAKV
WQHHGVTPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEAT
RQRIENLHGLSIAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELAE
VLAGLSPRTPEVPFFSTLEGAWITEPVLDGTYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHP
VLTMTLPETVTGLGTLRREQGGQERLVTSLAEAWTNGLTIDWAPVLPTATGHHPELPTYAFQRR
HYWLHDSPAVQGSVQDSWRYRIDWKRLAVADASERAGLSGRWLVVVPEDRSAEAAPVLAALSGA
GADPVQLDVSPLGDRQRLAATLGEALAAAGGAVDGVLSLLAWDESAHPGHPAPFTRGTGATLTL
VQALEDAGVAAPLWCVTHGAVSVGRADHVTSPAQAMVWGMGRVAALEHPERWGGLIDLPSDAD
RAALDRMTTVLAGGTGEDQVAVRASGLLARRLVRASLPAHGTASPWWQADGTVLVTGAEEPAA
AEAARRLARDGAGHLLLHTTPSGSEGAEGTSGAAEDSGLAGLVAELADLGATATVVTCDLTDAEA
AARLLAGVSDAHPLSAVLHLPPTVDSEPLAATDADALARVVTAKATAALHLDRLLREAAAAGGRP
PVLVLFSSVAAIWGGAGQGAYAAGTAFLDALAGQHRADGPTVTSVAWSPWEGSRVTEGATGERL
RRLGLRPLAPATALTALDTALGHGDTAVTIADVDWSSFAPGFTTARPGTLLADLPEARRALDEQQ
STTAADDTVLSRELGALTGAEQQRRMQELVREHLAVVLNHPSPEAVDTGRAFRDLGFDSLTAVEL
RNRLKNATGLALPATLVFDYPTPRTLAEFLLAEILGEQAGAGEQLPVDGGVDDEPVAIVGMACRL
PGGVASPEDLWRLVAGGEDAISGFPQDRGWDVEGLYDPDPDASGRTYCRAGGFLDEAGEFDADFF
GISPREALAMDPQQRLLLETSWEAVEDAGIDPTSLQGQQVGVFAGTNGPHYEPLLRNTAEDLEGY
VGTGNAASIMSGRVSYTLGLEGPAVTVDTACSSSLVALHLAVQALRKGECGLALAGGVTVMSTPT
TFVEFSRQRGLAEDGRSKAFAASADGFGPAEGVGMLLVERLSDARRNGHRVLAVVRGSAVNQDG
ASNGLTAPNGPSQQRVIRRALADARLTTADVDVVEAHGTGTRLGDPIEAQALIATYGQGRDTEQP
LRLGSLKSNIGHTQAAAGVSGIIKMVQAMRHGVLPKTLHVDRPSDQIDWSAGTVELLTEAMDWP
RKQEGGLRRAAVSSFGISGTNAHIVLEEAPVDEDAPADEPSVGGVVPWLVSAKTPAALDAQIGRLA
AFASQGRTDAADPGAVARVLAGGRAQFEHRAVALGTGQDDLAAALAAPEGLVRGVASGVGRVAF
VFPGQGTQWAGMGAELLDVSKEFAAAMAECEAALAPYVDWSLEAVVRQAPGAPTLERVDVVQP
VTFAVMVSLAKVWQHHGVTPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIGAHLAGQG
GMLSLALSEAAVVERLAGFDGLSVAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASH
SAHVETIESELADVLAGLSPQTPQVPFFSTLEGAWITEPALDGGYWYRNLRHRVGFAPAVETLATD
EGFTHFVEVSAHPVLTMALPETVTGLGTLRRDNGGQHRLTTSLAEAWANGLTVDWASLLPTTTT
HPDLPTYAFQTERYWPQPDLSAAGDITSAGLGAAEHPLLGAAVALADSDGCLLTGSLSLRTHPWL
ADHAVAGTVLLPGTAFVELAFRAGDQVGCDLVEELTLDAPLVLPRRGAVRVQLSVGASDESGRRT
FGLYAHPEDAPGEAEWTRHATGVLAARADRTAPVADPEAWPPPGAEPVDVDGLYERFAANGYGY
GPLFQGVRGVWRRGDEVFADVALPAEVAGAEGARFGLHPALLDAAVQAAGAGGAFGAGTRLPF
AWSGISLYAVGATALRVRLAPAGPDTVSVSAADSSGQPVFAADSLTVLPVDPAQLAAFSDPTLDAL
HLLEWTAWDGAAQALPGAVVLGGDADGLAAALRAGGTEVLSFPDLTDLVEAVDRGETPAPATVL
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VACPAAGPGGPEHVREALHGSLALMQAWLADERFTDGRLVLVTRDAVAARSGDGLRSTGQAAV
WGLGRSAQTESPGRFVLLDLAGEARTAGDATAGDGLTTGDATVGGTSGDAALGSALATALGSGE
PQLALRDGALLVPRLARAAAPAAADGLAAADGLAALPLPAAPALWRLEPGTDGSLESLTAAPGDA
ETLAPEPLGPGQVRIAIRATGLNFRDVLIALGMYPDPALMGTEGAGVVTATGPGVTHLAPGDRVM
GLLSGAYAPVVVADARTVARMPEGWTFAQGASVPVVFLTAVYALRDLADVKPGERLLVHSAAGG
VGMAAVQLARHWGVEVHGTASHGKWDALRALGLDDAHIASSRTLDFESAFRAASGGAGMDVVL
NSLAREFVDASLRLLGPGGRFVEMGKTDVRDAERVAADHPGVGYRAFDLGEAGPERIGEMLAEVI
ALFEDGVLRHLPVTTWDVRRARDAFRHVSQARHTGKVVLTMPSGLDPEGTVLLTGGTGALGGIV
ARHVVGEWGVRRLLLVSRRGTDAPGAGELVHELEALGADVSVAACDVADREALTAVLDSIPAEH
PLTAVVHTAGVLSDGTLPSMTAEDVEHVLRPKVDAAFLLDELTSTPGYDLAAFVMFSSAAAVFGG
AGQGAYAAANATLDALAWRRRTAGLPALSLGWGLWAETSGMTGGLSDTDRSRLARSGATPMDS
ELTLSLLDAAMRRDDPALVPIALDVAALRAQQRDGMLAPLLSGLTRGSRVGGAPVNQRRAAAGG
AGEADTDLGGRLAAMTPDDRVAHLRDLVRTHVATVLGHGTPSRVDLERAFRDTGFDSLTAVELR
NRLNAATGLRLPATLVFDHPTPGELAGHLLDELATAAGGSWAEGTGSGDTASATDRQTTAALAEL
DRLEGVLASLAPAAGGRPELAARLRALAAALGDDGDDATDLDEASDDDLFSFIDKELGDSDFHHH
HHH 
 

PikAII-[P3NDD/P5CDD]-LoopHis6, (NAR5) 
MSTVNEEKYLDYLRRATADLHEARGRLRELEAKAGEPVAIVGMACRLPGGVASPEDLWRLVAGG
EDAISEFPQDRGWDVEGLYDPNPEATGKSYAREAGFLYEAGEFDADFFGISPREALAMDPQQRLLL
EASWEAFEHAGIPAATARGTSVGVFTGVMYHDYATRLTDVPEGIEGYLGTGNSGSVASGRVAYTL
GLEGPAVTVDTACSSSLVALHLAVQALRKGEVDMALAGGVTVMSTPSTFVEFSRQRGLAPDGRSK
SFSSTADGTSWSEGVGVLLVERLSDARRKGHRILAVVRGTAVNQDGASSGLTAPNGPSQQRVIRRA
LADARLTTSDVDVVEAHGTGTRLGDPIEAQAVIATYGQGRDGEQPLRLGSLKSNIGHTQAAAGVS
GVIKMVQAMRHGVLPKTLHVEKPTDQVDWSAGAVELLTEAMDWPDKGDGGLRRAAVSSFGVSG
TNAHVVLEEAPAAEETPHHHHHHAVEPSVGAGLVPWLVSAKTPAALDAQIGRLAAFASQGRTDA
ADPGAVARVLAGGRAEFEHRAVVLGTGQDDFAQALTAPEGLIRGTPSDVGRVAFVFPGQGTQWA
GMGAELLDVSKEFAAAMAECESALSRYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAK
VWQHHGVTPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEA
TRQRIENLHGLSIAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELA
EVLAGLSPRTPEVPFFSTLEGAWITEPVLDGTYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAH
PVLTMTLPETVTGLGTLRREQGGQERLVTSLAEAWTNGLTIDWAPVLPTATGHHPELPTYAFQR
RHYWLHDSPAVQGSVQDSWRYRIDWKRLAVADASERAGLSGRWLVVVPEDRSAEAAPVLAALSG
AGADPVQLDVSPLGDRQRLAATLGEALAAAGGAVDGVLSLLAWDESAHPGHPAPFTRGTGATLT
LVQALEDAGVAAPLWCVTHGAVSVGRADHVTSPAQAMVWGMGRVAALEHPERWGGLIDLPSDA
DRAALDRMTTVLAGGTGEDQVAVRASGLLARRLVRASLPAHGTASPWWQADGTVLVTGAEEPA
AAEAARRLARDGAGHLLLHTTPSGSEGAEGTSGAAEDSGLAGLVAELADLGATATVVTCDLTDAE
AAARLLAGVSDAHPLSAVLHLPPTVDSEPLAATDADALARVVTAKATAALHLDRLLREAAAAGGR
PPVLVLFSSVAAIWGGAGQGAYAAGTAFLDALAGQHRADGPTVTSVAWSPWEGSRVTEGATGER
LRRLGLRPLAPATALTALDTALGHGDTAVTIADVDWSSFAPGFTTARPGTLLADLPEARRALDEQ
QSTTAADDTVLSRELGALTGAEQQRRMQELVREHLAVVLNHPSPEAVDTGRAFRDLGFDSLTAVE
LRNRLKNATGLALPATLVFDYPTPRTLAEFLLAEILGEQAGAGEQLPVDGGVDDEPVAIVGMACR
LPGGVASPEDLWRLVAGGEDAISGFPQDRGWDVEGLYDPDPDASGRTYCRAGGFLDEAGEFDAD
FFGISPREALAMDPQQRLLLETSWEAVEDAGIDPTSLQGQQVGVFAGTNGPHYEPLLRNTAEDLE
GYVGTGNAASIMSGRVSYTLGLEGPAVTVDTACSSSLVALHLAVQALRKGECGLALAGGVTVMST
PTTFVEFSRQRGLAEDGRSKAFAASADGFGPAEGVGMLLVERLSDARRNGHRVLAVVRGSAVNQ
DGASNGLTAPNGPSQQRVIRRALADARLTTADVDVVEAHGTGTRLGDPIEAQALIATYGQGRDTE
QPLRLGSLKSNIGHTQAAAGVSGIIKMVQAMRHGVLPKTLHVDRPSDQIDWSAGTVELLTEAMD
WPRKQEGGLRRAAVSSFGISGTNAHIVLEEAPVDEDAPADEPSVGGVVPWLVSAKTPAALDAQIG
RLAAFASQGRTDAADPGAVARVLAGGRAQFEHRAVALGTGQDDLAAALAAPEGLVRGVASGVGR
VAFVFPGQGTQWAGMGAELLDVSKEFAAAMAECEAALAPYVDWSLEAVVRQAPGAPTLERVDV
VQPVTFAVMVSLAKVWQHHGVTPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIGAHLA
GQGGMLSLALSEAAVVERLAGFDGLSVAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVD
YASHSAHVETIESELADVLAGLSPQTPQVPFFSTLEGAWITEPALDGGYWYRNLRHRVGFAPAVET
LATDEGFTHFVEVSAHPVLTMALPETVTGLGTLRRDNGGQHRLTTSLAEAWANGLTVDWASLLP
TTTTHPDLPTYAFQTERYWPQPDLSAAGDITSAGLGAAEHPLLGAAVALADSDGCLLTGSLSLRTH
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PWLADHAVAGTVLLPGTAFVELAFRAGDQVGCDLVEELTLDAPLVLPRRGAVRVQLSVGASDES
GRRTFGLYAHPEDAPGEAEWTRHATGVLAARADRTAPVADPEAWPPPGAEPVDVDGLYERFAAN
GYGYGPLFQGVRGVWRRGDEVFADVALPAEVAGAEGARFGLHPALLDAAVQAAGAGGAFGAGT
RLPFAWSGISLYAVGATALRVRLAPAGPDTVSVSAADSSGQPVFAADSLTVLPVDPAQLAAFSDPTL
DALHLLEWTAWDGAAQALPGAVVLGGDADGLAAALRAGGTEVLSFPDLTDLVEAVDRGETPAPA
TVLVACPAAGPGGPEHVREALHGSLALMQAWLADERFTDGRLVLVTRDAVAARSGDGLRSTGQA
AVWGLGRSAQTESPGRFVLLDLAGEARTAGDATAGDGLTTGDATVGGTSGDAALGSALATALGS
GEPQLALRDGALLVPRLARAAAPAAADGLAAADGLAALPLPAAPALWRLEPGTDGSLESLTAAPG
DAETLAPEPLGPGQVRIAIRATGLNFRDVLIALGMYPDPALMGTEGAGVVTATGPGVTHLAPGDR
VMGLLSGAYAPVVVADARTVARMPEGWTFAQGASVPVVFLTAVYALRDLADVKPGERLLVHSAA
GGVGMAAVQLARHWGVEVHGTASHGKWDALRALGLDDAHIASSRTLDFESAFRAASGGAGMDV
VLNSLAREFVDASLRLLGPGGRFVEMGKTDVRDAERVAADHPGVGYRAFDLGEAGPERIGEMLA
EVIALFEDGVLRHLPVTTWDVRRARDAFRHVSQARHTGKVVLTMPSGLDPEGTVLLTGGTGALG
GIVARHVVGEWGVRRLLLVSRRGTDAPGAGELVHELEALGADVSVAACDVADREALTAVLDSIPA
EHPLTAVVHTAGVLSDGTLPSMTAEDVEHVLRPKVDAAFLLDELTSTPGYDLAAFVMFSSAAAVF
GGAGQGAYAAANATLDALAWRRRTAGLPALSLGWGLWAETSGMTGGLSDTDRSRLARSGATPM
DSELTLSLLDAAMRRDDPALVPIALDVAALRAQQRDGMLAPLLSGLTRGSRVGGAPVNQRRAAA
GGAGEADTDLGGRLAAMTPDDRVAHLRDLVRTHVATVLGHGTPSRVDLERAFRDTGFDSLTAVE
LRNRLNAATGLRLPATLVFDHPTPGELAGHLLDELATAAGGSWAEGTGSGDTASATDRQTTAAL
AELDRLEGVLASLAPAAGGRPELAARLRALAAALGDDGDDATDLDEASDDDLFSFIDKELGDSDF 
 
P1P2N-[S8CDD]-LoopHis6, (NAR6) 
MSSAGITRTGARTPVTGRGAAAWDTGEVRVRRGLPPAGPDHAEHSFSRAPTGDVRAELIRGEMST
VSKSESEEFVSVSNDAGSAHGTAEPVAVVGISCRVPGARDPREFWELLAAGGQAVTDVPADRWNA
GDFYDPDRSAPGRSNSRWGGFIEDVDRFDAAFFGISPREAAEMDPQQRLALELGWEALERAGIDPS
SLTGTRTGVFAGAIWDDYATLKHRQGGAAITPHTVTGLHRGIIANRLSYTLGLRGPSMVVDSGQSS
SLVAVHLACESLRRGESELALAGGVSLNLVPDSIIGASKFGGLSPDGRAYTFDARANGYVRGEGGG
FVVLKRLSRAVADGDPVLAVIRGSAVNNGGAAQGMTTPDAQAQEAVLREAHERAGTAPADVRYV
ELHGTGTPVGDPIEAAALGAALGTGRPAGQPLLVGSVKTNIGHLEGAAGIAGLIKAVLAVRGRAL
PASLNYETPNPAIPFEELNLRVNTEYLPWEPEHDGQRMVVGVSSFGMGGTNAHVVLEEAPGVVEG
ASVVESTVGGSAVGGGVVPWVVSAKSAAALDAQIERLAAFASRDRTDGVDAGAVDAGAVDAGAV
ARVLAGGRAQFEHRAVVVGSGPDDLAAALAAPEGLVRGVASGVGRVAFVFPGQGTQWAGMGAE
LLDSSAVFAAAMAECEAALSPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLARVWQHH
GVTPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIAAHLAGKGGMLSLALSEDAVLERLA
GFDGLSVAAVNGPTATVVSGDPVQIEELARACEADGVRARVIPVDYASHSRQVEIIESELAEVLAGL
SPQAPRVPFFSTLEGAWITEPVLDGGYWYRNLRHRVGFAPAVETLATDEGFTHFVEVSAHPVLTM
ALPGTVTGLATLRRDNGGQDRLVASLAEAWANGLAVDWSPLLPSATGHHSDLPTYAFQTERHWL
GEIEALAPAGEPAVQPAVLRTEAAEPAELDRDEQLRVILDKVRAQTAQVLGYATGGQIEVDRTFR
EAGCTSLTGVDLRNRINAAFGVRMAPSMIFDFPTPEALAEQLLLVVHGEAAANPAGAEPAPVAAA
GAVDEPVAIVGMACRLPGGVASPEDLWRLVAGGGDAISEFPQDRGWDVEGLYHPDPEHPGTSYV
RQGGFIENVAGFDAAFFGISPREALAMDPQQRLLLETSWEAVEDAGIDPTSLRGRQVGVFTGAMT
HEYGPSLRDGGEGLDGYLLTGNTASVMSGRVSYTLGLEGPALTVDTACSSSLVALHLAVQALRKG
EVDMALAGGVAVMPTPGMFVEFSRQRGLAGDGRSKAFAASADGTSWSEGVGVLLVERLSDARRN
GHQVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRRALADARLTTSDVDVVEAHGTGTRLGDPIE
AQALIATYGQGRDDEQPLRLGSLKSNIGHTQAAAGVSGVIKMVQAMRHGLLPKTLHVDEPSDQID
WSAGAVELLTEAVDWPEKQDGGLRRAAVSSFGISGTNAHVVLEEAPVVVEGAHHHHHHVGGSAV
GGGVTPWVVSAKSAAALDAQIERLAAFASRDRTDDADAGAVDAGAVAHVLADGRAQFEHRAVAL
GAGADDLVQALADPDGLIRGTASGVGRVAFVFPGQGTQWAGMGAELLDSSAVFAAAMAECEAAL
SPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLARVWQHHGVTPQAVVGHSQGEIAAAY
VAGALPLDDAARVVTLRSKSIAAHLAGKGGMLSLALNEDAVLERLSDFDGLSVAAVNGPTATVVS
GDPVQIEELAQACKADGFRARIIPVDYASHSRQVEIIESELAQVLAGLSPQAPRVPFFSTLEGTWITE
PVLDGTYWYRNLRHRVGFAPAIETLAVDEGFTHFVEVSAHPVLTMTLPETVTGLGTLRREQGGQ
ERLVTSLAEAWVNGLPVAWTSLLPATASRPGLPTYAFQAERYWLENTPAALATGDDWRYRIDWK
RLPAAEGSERTGLSGRWLAVTPEDHSAQAAAVLTALVDAGAKVEVLTAGADDDREALAARLTAL
TTGDGFTGVVSLLDGLVPQVAWVQALGDAGIKAPLWSVTQGAVSVGRLDTPADPDRAMLWGLG
RVVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATGEDQIAIRTTGLHARRLARAPLHGRRPT
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RDWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLVSRSGEQAPGATQLTAELTASGARVTIA
ACDVADPHAMRTLLDAIPAETPLTAVVHTAGALDDGIVDTLTAEQVRRAHRAKAVGASVLDELTR
DLDLDAFVLFSSVSSTLGIPGQGNYAPHNAYLDALAARRRATGRSAVSVAWGPWDGGGMAAGDG
VAERLRNHGVPGMDPELALAALESALGRDETAITVADIDWDRFYLAYSSGRPQPLVEELPEVRRII
DARDSATSGQGGSSAQGANPLAERLAAAAPGERTEILLGLVRAQAAAVLRMRSPEDVAADRAFKD
IGFDSLAGVELRNRLTRATGLQLPATLVFDHPTPLALVSLLRSEFLGDEENGIESLLAELDRLDTTL
AQGPSIPLEDQAKVAERLHALLAKWDGARDGTARATSPQSLTAATDDEIFDLIDRKFRR 
 
P1N-[E3CDD]-NterHis6, (NAR8) 
MHHHHHHSSAGITRTGARTPVTGRGAAAWDTGEVRVRRGLPPAGPDHAEHSFSRAPTGDVRAEL
IRGEMSTVSKSESEEFVSVSNDAGSAHGTAEPVAVVGISCRVPGARDPREFWELLAAGGQAVTDVP
ADRWNAGDFYDPDRSAPGRSNSRWGGFIEDVDRFDAAFFGISPREAAEMDPQQRLALELGWEALE
RAGIDPSSLTGTRTGVFAGAIWDDYATLKHRQGGAAITPHTVTGLHRGIIANRLSYTLGLRGPSMV
VDSGQSSSLVAVHLACESLRRGESELALAGGVSLNLVPDSIIGASKFGGLSPDGRAYTFDARANGYV
RGEGGGFVVLKRLSRAVADGDPVLAVIRGSAVNNGGAAQGMTTPDAQAQEAVLREAHERAGTAP
ADVRYVELHGTGTPVGDPIEAAALGAALGTGRPAGQPLLVGSVKTNIGHLEGAAGIAGLIKAVLA
VRGRALPASLNYETPNPAIPFEELNLRVNTEYLPWEPEHDGQRMVVGVSSFGMGGTNAHVVLEEA
PGVVEGASVVESTVGGSAVGGGVVPWVVSAKSAAALDAQIERLAAFASRDRTDGVDAGAVDAGA
VDAGAVARVLAGGRAQFEHRAVVVGSGPDDLAAALAAPEGLVRGVASGVGRVAFVFPGQGTQW
AGMGAELLDSSAVFAAAMAECEAALSPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLA
RVWQHHGVTPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIAAHLAGKGGMLSLALSED
AVLERLAGFDGLSVAAVNGPTATVVSGDPVQIEELARACEADGVRARVIPVDYASHSRQVEIIESEL
AEVLAGLSPQAPRVPFFSTLEGAWITEPVLDGGYWYRNLRHRVGFAPAVETLATDEGFTHFVEVS
AHPVLTMALPGTVTGLATLRRDNGGQDRLVASLAEAWANGLAVDWSPLLPSATGHHSDLPTYAF
QTERHWLGEIEALAPAGEPAVQPAVLRTEAAEPAELDRDEQLRVILDKVRAQTAQVLGYATGGQI
EVDRTFREAGCTSLTGVDLRNRINAAFGVRMAPSMIFDFPTPEALAEQLLLVVHGEAAPSALAGLD
ALEAALPEVPATEREELVQRLERMLAALRPVAQAADASGTGANPSGDDLGEAGVDELLEALGREL
DGD 
 
CP1P2N-[E3NDD/S8CDD]-LoopHis6, (NAR8) 
MTDSEKVAEYLRRATLDLRAARQRIRELESDPVAIVGMACRLPGGVASPEDLWRLVAGGGDAISE
FPQDRGWDVEGLYHPDPEHPGTSYVRQGGFIENVAGFDAAFFGISPREALAMDPQQRLLLETSWE
AVEDAGIDPTSLRGRQVGVFTGAMTHEYGPSLRDGGEGLDGYLLTGNTASVMSGRVSYTLGLEG
PALTVDTACSSSLVALHLAVQALRKGEVDMALAGGVAVMPTPGMFVEFSRQRGLAGDGRSKAFA
ASADGTSWSEGVGVLLVERLSDARRNGHQVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRRAL
ADARLTTSDVDVVEAHGTGTRLGDPIEAQALIATYGQGRDDEQPLRLGSLKSNIGHTQAAAGVSG
VIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGAVELLTEAVDWPEKQDGGLRRAAVSSFGISGTN
AHVVLEEAPVVVEGAHHHHHHVGGSAVGGGVTPWVVSAKSAAALDAQIERLAAFASRDRTDDAD
AGAVDAGAVAHVLADGRAQFEHRAVALGAGADDLVQALADPDGLIRGTASGVGRVAFVFPGQGT
QWAGMGAELLDSSAVFAAAMAECEAALSPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVS
LARVWQHHGVTPQAVVGHSQGEIAAAYVAGALPLDDAARVVTLRSKSIAAHLAGKGGMLSLALN
EDAVLERLSDFDGLSVAAVNGPTATVVSGDPVQIEELAQACKADGFRARIIPVDYASHSRQVEIIES
ELAQVLAGLSPQAPRVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAIETLAVDEGFTHFVEV
SAHPVLTMTLPETVTGLGTLRREQGGQERLVTSLAEAWVNGLPVAWTSLLPATASRPGLPTYAFQ
AERYWLENTPAALATGDDWRYRIDWKRLPAAEGSERTGLSGRWLAVTPEDHSAQAAAVLTALVD
AGAKVEVLTAGADDDREALAARLTALTTGDGFTGVVSLLDGLVPQVAWVQALGDAGIKAPLWSV
TQGAVSVGRLDTPADPDRAMLWGLGRVVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATG
EDQIAIRTTGLHARRLARAPLHGRRPTRDWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLV
SRSGEQAPGATQLTAELTASGARVTIAACDVADPHAMRTLLDAIPAETPLTAVVHTAGALDDGIVD
TLTAEQVRRAHRAKAVGASVLDELTRDLDLDAFVLFSSVSSTLGIPGQGNYAPHNAYLDALAARR
RATGRSAVSVAWGPWDGGGMAAGDGVAERLRNHGVPGMDPELALAALESALGRDETAITVADID
WDRFYLAYSSGRPQPLVEELPEVRRIIDARDSATSGQGGSSAQGANPLAERLAAAAPGERTEILLG
LVRAQAAAVLRMRSPEDVAADRAFKDIGFDSLAGVELRNRLTRATGLQLPATLVFDHPTPLALVS
LLRSEFLGDEENGIESLLAELDRLDTTLAQGPSIPLEDQAKVAERLHALLAKWDGARDGTARATSP
QSLTAATDDEIFDLIDRKFRR 
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CP2P3N-[S8NDD/P3CDD]-LoopHis6, (NAR8) 
MANEEKLREYLKRVVVELEEAHERLHELERQEHDPIAIVAMSCRYPGDIRSPEDLWRMLSEGGEG
ITPFPTDRGWDLDGLYDADPDALGRAYVREGGFLHDAAEFDAEFFGVSPREALAMDPQQRMLLT
TSWEAFERAGIEPASLRGSSTGVFIGLSYQDYAARVPNAPRGVEGYLLTGSTPSVASGRIAYTFGLE
GPATTVDTACSSSLTALHLAVRALRSGECTMALAGGVAMMATPHMFVEFSRQRALAPDGRSKAF
SADADGFGAAEGVGLLLVERLSDARRNGHPVLAVVRGTAVNQDGASNGLTAPNGPSQQRVIRQA
LADARLAPGDIDAVETHGTGTSLGDPIEAQGLQATYGKERPAERPLAIGSVKSNIGHTQAAAGAAG
IIKMVLAMRHGTLPKTLHADEPSPHVDWANSGLALVTEPIDWPAGTGPRRAAVSSFGISGTNAHV
VLEQAPDAAGEVLGADEVPEVSEHHHHHHTAGTSEVAEGSEASEAPAAPGSREASLPGHLPWVLS
AKDEQSLRGQAAALHAWLSEPAADLSDADGPARLRDVGYTLATSRTAFAHRAAVTAADRDGFLD
GLATLAQGGTSAHVHLDTARDGTTAFLFTGQGSQRPGAGRELYDRHPVFARALDEICAHLDGHL
ELPLLDVMFAAEGSAEAALLDETRYTQCALFALEVALFRLVESWGMRPAALLGHSVGEIAAAHVA
GVFSLADAARLVAARGRLMQELPAGGAMLAVQAAEDEIRVWLETEERYAGRLDVAAVNGPEAA
VLSGDADAAREAEAYWSGLGRRTRALRVSHAFHSAHMDGMLDGFRAVLETVEFRRPSLTVVSNV
TGLAAGPDDLCDPEYWVRHVRGTVRFLDGVRVLRDLGVRTCLELGPDGVLTAMAADGLADTPA
DSAAGSPVGSPAGSPADSAAGALRPRPLLVALLRRKRSETETVADALGRAHAHGTGPDWHAWFA
GSGAHRVDLPTYSFRRDRYWLDAPAADTAVDTAGLGLGTADHPLLGAVVSLPDRDGLLLTGRLSL
RTHPWLADHAVLGSVLLPGAAMVELAAHAAESAGLRDVRELTLLEPLVLPEHGGVELRVTVGAP
AGEPGGESAGDGARPVSLHSRLADAPAGTAWSCHATGLLATDRPELPVAPDRAAMWPPQGAEEV
PLDGLYERLDGNGLAFGPLFQGLNAVWRYEGEVFADIALPATTNATAPATANGGGSAAAAPYGIH
PALLDASLHAIAVGGLVDEPELVRVPFHWSGVTVHAAGAAAARVRLASAGTDAVSLSLTDGEGRP
LVSVERLTLRPVTADQAAASRVGGLMHRVAWRPYALASSGEQDPHATSYGPTAVLGKDELKVAA
ALESAGVEVGLYPDLAALSQDVAAGAPAPRTVLAPLPAGPADGGAEGVRGTVARTLELLQAWLA
DEHLAGTRLLLVTRGAVRDPEGSGADDGGEDLSHAAAWGLVRTAQTENPGRFGLLDLADDASSY
RTLPSVLSDAGLRDEPQLALHDGTIRLARLASVRPETGTAAPALAPEGTVLLTGGTGGLGGLVAR
HVVGEWGVRRLLLVSRRGTDAPGADELVHELEALGADVSVAACDVADREALTAVLDAIPAEHPL
TAVVHTAGVLSDGTLPSMTTEDVEHVLRPKVDAAFLLDELTSTPAYDLAAFVMFSSAAAVFGGAG
QGAYAAANATLDALAWRRRAAGLPALSLGWGLWAETSGMTGELGQADLRRMSRAGIGGISDAE
GIALLDAALRDDRHPVLLPLRLDAAGLRDAAGNDPAGIPALFRDVVGARTVRARPSAASASTTAGT
AGTPGTADGAAETAAVTLADRAATVDGPARQRLLLEFVVGEVAEVLGHARGHRIDAERGFLDLG
FDSLTAVELRNRLNSAGGLALPATLVFDHPSPAALASHLDAELPRGASDQDGAGNRNGNENGTTA
SRSTAETDALLAQLTRLEGALVLTGLSDAPGSEEVLEHLRSLRSMVTGETGTGTASGAPDGAGSG
AEDRPWAAGDGAGGGSEDGAGVPDFMNASAEELFGLLDQDPSTD 
 

CP3P4N-[P3NDD/S3CDD]-LoopHis6, (NAR8) 
MSTVNEEKYLDYLRRATADLHEARGRLRELEAKAGEPVAIVGMACRLPGGVASPEDLWRLVAGG
EDAISEFPQDRGWDVEGLYDPNPEATGKSYAREAGFLYEAGEFDADFFGISPREALAMDPQQRLLL
EASWEAFEHAGIPAATARGTSVGVFTGVMYHDYATRLTDVPEGIEGYLGTGNSGSVASGRVAYTL
GLEGPAVTVDTACSSSLVALHLAVQALRKGEVDMALAGGVTVMSTPSTFVEFSRQRGLAPDGRSK
SFSSTADGTSWSEGVGVLLVERLSDARRKGHRILAVVRGTAVNQDGASSGLTAPNGPSQQRVIRRA
LADARLTTSDVDVVEAHGTGTRLGDPIEAQAVIATYGQGRDGEQPLRLGSLKSNIGHTQAAAGVS
GVIKMVQAMRHGVLPKTLHVEKPTDQVDWSAGAVELLTEAMDWPDKGDGGLRRAAVSSFGVSG
TNAHVVLEEAPAAEETPHHHHHHAVEPSVGAGLVPWLVSAKTPAALDAQIGRLAAFASQGRTDA
ADPGAVARVLAGGRAEFEHRAVVLGTGQDDFAQALTAPEGLIRGTPSDVGRVAFVFPGQGTQWA
GMGAELLDVSKEFAAAMAECESALSRYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAK
VWQHHGVTPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEA
TRQRIENLHGLSIAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELA
EVLAGLSPRTPEVPFFSTLEGAWITEPVLDGTYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAH
PVLTMTLPETVTGLGTLRREQGGQERLVTSLAEAWTNGLTIDWAPVLPTATGHHPELPTYAFQR
RHYWLHDSPAVQGSVQDSWRYRIDWKRLAVADASERAGLSGRWLVVVPEDRSAEAAPVLAALSG
AGADPVQLDVSPLGDRQRLAATLGEALAAAGGAVDGVLSLLAWDESAHPGHPAPFTRGTGATLT
LVQALEDAGVAAPLWCVTHGAVSVGRADHVTSPAQAMVWGMGRVAALEHPERWGGLIDLPSDA
DRAALDRMTTVLAGGTGEDQVAVRASGLLARRLVRASLPAHGTASPWWQADGTVLVTGAEEPA
AAEAARRLARDGAGHLLLHTTPSGSEGAEGTSGAAEDSGLAGLVAELADLGATATVVTCDLTDAE
AAARLLAGVSDAHPLSAVLHLPPTVDSEPLAATDADALARVVTAKATAALHLDRLLREAAAAGGR
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PPVLVLFSSVAAIWGGAGQGAYAAGTAFLDALAGQHRADGPTVTSVAWSPWEGSRVTEGATGER
LRRLGLRPLAPATALTALDTALGHGDTAVTIADVDWSSFAPGFTTARPGTLLADLPEARRALDEQ
QSTTAADDTVLSRELGALTGAEQQRRMQELVREHLAVVLNHPSPEAVDTGRAFRDLGFDSLTAVE
LRNRLKNATGLALPATLVFDYPTPRTLAEFLLAEILGEQAGAGTFEELDRWAANLPTLARDEATR
AQITTRLQAILQSLADVSGGTGGGSVPDRLRSATDDELFQLLDNDLELP 
 

CP4P5N-[S3NDD/P5CDD]-LoopHis6, (NAR8) 
MSNEEKLREYLRRALVDLHQARERLHEAESGEREPVAIVGMACRLPGGVASPEDLWRLVAGGED
AISGFPQDRGWDVEGLYDPDPDASGRTYCRAGGFLDEAGEFDADFFGISPREALAMDPQQRLLLE
TSWEAVEDAGIDPTSLQGQQVGVFAGTNGPHYEPLLRNTAEDLEGYVGTGNAASIMSGRVSYTLG
LEGPAVTVDTACSSSLVALHLAVQALRKGECGLALAGGVTVMSTPTTFVEFSRQRGLAEDGRSKA
FAASADGFGPAEGVGMLLVERLSDARRNGHRVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRR
ALADARLTTADVDVVEAHGTGTRLGDPIEAQALIATYGQGRDTEQPLRLGSLKSNIGHTQAAAGV
SGIIKMVQAMRHGVLPKTLHVDRPSDQIDWSAGTVELLTEAMDWPRKQEGGLRRAAVSSFGISGT
NAHIVLEEAPVDHHHHHHEPSVGGVVPWLVSAKTPAALDAQIGRLAAFASQGRTDAADPGAVAR
VLAGGRAQFEHRAVALGTGQDDLAAALAAPEGLVRGVASGVGRVAFVFPGQGTQWAGMGAELL
DVSKEFAAAMAECEAALAPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAKVWQHHG
VTPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIGAHLAGQGGMLSLALSEAAVVERLAG
FDGLSVAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELADVLAGLS
PQTPQVPFFSTLEGAWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFVEVSAHPVLTMA
LPETVTGLGTLRRDNGGQHRLTTSLAEAWANGLTVDWASLLPTTTTHPDLPTYAFQTERYWPQP
DLSAAGDITSAGLGAAEHPLLGAAVALADSDGCLLTGSLSLRTHPWLADHAVAGTVLLPGTAFVE
LAFRAGDQVGCDLVEELTLDAPLVLPRRGAVRVQLSVGASDESGRRTFGLYAHPEDAPGEAEWT
RHATGVLAARADRTAPVADPEAWPPPGAEPVDVDGLYERFAANGYGYGPLFQGVRGVWRRGDE
VFADVALPAEVAGAEGARFGLHPALLDAAVQAAGAGGAFGAGTRLPFAWSGISLYAVGATALRV
RLAPAGPDTVSVSAADSSGQPVFAADSLTVLPVDPAQLAAFSDPTLDALHLLEWTAWDGAAQALP
GAVVLGGDADGLAAALRAGGTEVLSFPDLTDLVEAVDRGETPAPATVLVACPAAGPGGPEHVRE
ALHGSLALMQAWLADERFTDGRLVLVTRDAVAARSGDGLRSTGQAAVWGLGRSAQTESPGRFV
LLDLAGEARTAGDATAGDGLTTGDATVGGTSGDAALGSALATALGSGEPQLALRDGALLVPRLA
RAAAPAAADGLAAADGLAALPLPAAPALWRLEPGTDGSLESLTAAPGDAETLAPEPLGPGQVRIAI
RATGLNFRDVLIALGMYPDPALMGTEGAGVVTATGPGVTHLAPGDRVMGLLSGAYAPVVVADAR
TVARMPEGWTFAQGASVPVVFLTAVYALRDLADVKPGERLLVHSAAGGVGMAAVQLARHWGVE
VHGTASHGKWDALRALGLDDAHIASSRTLDFESAFRAASGGAGMDVVLNSLAREFVDASLRLLGP
GGRFVEMGKTDVRDAERVAADHPGVGYRAFDLGEAGPERIGEMLAEVIALFEDGVLRHLPVTTW
DVRRARDAFRHVSQARHTGKVVLTMPSGLDPEGTVLLTGGTGALGGIVARHVVGEWGVRRLLL
VSRRGTDAPGAGELVHELEALGADVSVAACDVADREALTAVLDSIPAEHPLTAVVHTAGVLSDGT
LPSMTAEDVEHVLRPKVDAAFLLDELTSTPGYDLAAFVMFSSAAAVFGGAGQGAYAAANATLDAL
AWRRRTAGLPALSLGWGLWAETSGMTGGLSDTDRSRLARSGATPMDSELTLSLLDAAMRRDDPA
LVPIALDVAALRAQQRDGMLAPLLSGLTRGSRVGGAPVNQRRAAAGGAGEADTDLGGRLAAMTP
DDRVAHLRDLVRTHVATVLGHGTPSRVDLERAFRDTGFDSLTAVELRNRLNAATGLRLPATLVFD
HPTPGELAGHLLDELATAAGGSWAEGTGSGDTASATDRQTTAALAELDRLEGVLASLAPAAGGR
PELAARLRALAAALGDDGDDATDLDEASDDDLFSFIDKELGDSD 
 

CP5P6N-[P5NDD/P6CDD]-LoopHis6, (NAR8) 
MANNEDKLRDYLKRVTAELQQNTRRLREIEGRTHEPVAIVGMACRLPGGVASPEDLWQLVAGDG
DAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQRLSLT
TAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSGRIAYV
LGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGLAADGR
SKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPSQQRVI
RRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHTQAAA
GVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAVSSFGI
SGTNAHVVLEEAPAVEDSHHHHHHAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDVDPAVA
ARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWAGMGAE
LLDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAKVWQHH
GITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAVLKRLS
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DFDGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAEVLAGL
APQAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPVLTMT
LPETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERFWLQS
SAPTSAADDWRYRVEWKPLTASGQADLSGRWIVAVGSEPEAELLGALKAAGAEVDVLEAGADDD
REALAARLTALTTGDGFTGVVSLLDDLVPQVAWVQALGDAGIKAPLWSVTQGAVSVGRLDTPAD
PDRAMLWGLGRVVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATGEDQIAIRTTGLHARRL
ARAPLHGRRPTRDWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLVSRSGEQAPGATQLTA
ELTASGARVTIAACDVADPHAMRTLLDAIPAETPLTAVVHTAGAPGGDPLDVTGPEDIARILGAKT
SGAEVLDDLLRGTPLDAFVLYSSNAGVWGSGSQGVYAAANAHLDALAARRRARGETATSVAWGL
WAGDGMGRGADDAYWQRRGIRPMSPDRALDELAKALSHDETFVAVADVDWERFAPAFTVSRPSL
LLDGVPEARQALAAPVGAPAPGDAAVAPTGQSSALAAITALPEPERRPALLTLVRTHAAAVLGHSS
PDRVAPGRAFTELGFDSLTAVQLRNQLSTVVGNRLPATTVFDHPTPAALAAHLHEAYLAPAEPAPT
DWEGRVRRALAELPLDRLRDAGVLDTVLRLTGIEPEPGSGGSDGGAADPGAEPEASIDDLDAEALI
RMALGPRNT 
 

CP6P7-[P6NDD]-LoopHis6, (NAR8) 
MTSSNEQLVDALRASLKENEELRKESRRRADRRQEPMAIVGMSCRFAGGIRSPEDLWDAVAAGK
DLVSEVPEERGWDIDSLYDPVPGRKGTTYVRNAAFLDDAAGFDAAFFGISPREALAMDPQQRQLL
EASWEVFERAGIDPASVRGTDVGVYVGCGYQDYAPDIRVAPEGTGGYVVTGNSSAVASGRIAYSL
GLEGPAVTVDTACSSSLVALHLALKGLRNGDCSTALVGGVAVLATPGAFIEFSSQQAMAADGRTK
GFASAADGLAWGEGVAVLLLERLSDARRKGHRVLAVVRGSAINQDGASNGLTAPHGPSQQRLIR
QALADARLTSSDVDVVEGHGTGTRLGDPIEAQALLATYGQGRAPGQPLRLGTLKSNIGHTQAASG
VAGVIKMVQALRHGVLPKTLHVDEPTDQVDWSAGSVELLTEAVDWPERPGRLRRAGVSAFGVG
GTNAHVVLEEAPAVEESHHHHHHAGGGVVPWPVSAKTSAALDAQIGQLAAYAEDRTDVDPAVAA
RALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTVTDPGRVAFVFPGQGTQWAGMGAEL
LDSSPEFAAAMAECETALSPYVDWSLEAVVRQAPSAPTLDRVDVVQPVTFAVMVSLAKVWQHHGI
TPEAVIGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRIENLH
GLSIAAVNGPTATVVSGDPTQIQELAQACEADGIRARIIPVDYASHSAHVETIENELADVLAGLSPQT
PQVPFFSTLEGTWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTLPD
KVTGLATLRREDGGQHRLTTSLAEAWANGLALDWASLLPATGALSPAVPDLPTYAFQHRSYWISP
AGPGEAPAHTASGREAVAETGLAWGPGAEDLDEEGRRSAVLAMVMRQAASVLRCDSPEEVPVDR
PLREIGFDSLTAVDFRNRVNRLTGLQLPPTVVFEHPTPVALAERISDELAERNWAVAEPSDHEQAE
EEKAAAPAGARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVLAEASAFRPQFASPEACSERLDP
VLLAGGPTDRAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERDFLAVPLPGYGTGTGTGTALLP
ADLDTALDAQARAILRAAGDAPVVLLGHSGGALLAHELAFRLERAHGAPPAGIVLVDPYPPGHQE
PIEVWSRQLGEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRSSAPVLLVRASEPLGDWQEERG
DWRAHWDLPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIEGIEGAG 
 
P1N-[E3CDD]-CterHis6, (NAR9) 
MSSAGITRTGARTPVTGRGAAAWDTGEVRVRRGLPPAGPDHAEHSFSRAPTGDVRAELIRGEMST
VSKSESEEFVSVSNDAGSAHGTAEPVAVVGISCRVPGARDPREFWELLAAGGQAVTDVPADRWNA
GDFYDPDRSAPGRSNSRWGGFIEDVDRFDAAFFGISPREAAEMDPQQRLALELGWEALERAGIDPS
SLTGTRTGVFAGAIWDDYATLKHRQGGAAITPHTVTGLHRGIIANRLSYTLGLRGPSMVVDSGQSS
SLVAVHLACESLRRGESELALAGGVSLNLVPDSIIGASKFGGLSPDGRAYTFDARANGYVRGEGGG
FVVLKRLSRAVADGDPVLAVIRGSAVNNGGAAQGMTTPDAQAQEAVLREAHERAGTAPADVRYV
ELHGTGTPVGDPIEAAALGAALGTGRPAGQPLLVGSVKTNIGHLEGAAGIAGLIKAVLAVRGRAL
PASLNYETPNPAIPFEELNLRVNTEYLPWEPEHDGQRMVVGVSSFGMGGTNAHVVLEEAPGVVEG
ASVVESTVGGSAVGGGVVPWVVSAKSAAALDAQIERLAAFASRDRTDGVDAGAVDAGAVDAGAV
ARVLAGGRAQFEHRAVVVGSGPDDLAAALAAPEGLVRGVASGVGRVAFVFPGQGTQWAGMGAE
LLDSSAVFAAAMAECEAALSPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLARVWQHH
GVTPQAVVGHSQGEIAAAYVAGALSLDDAARVVTLRSKSIAAHLAGKGGMLSLALSEDAVLERLA
GFDGLSVAAVNGPTATVVSGDPVQIEELARACEADGVRARVIPVDYASHSRQVEIIESELAEVLAGL
SPQAPRVPFFSTLEGAWITEPVLDGGYWYRNLRHRVGFAPAVETLATDEGFTHFVEVSAHPVLTM
ALPGTVTGLATLRRDNGGQDRLVASLAEAWANGLAVDWSPLLPSATGHHSDLPTYAFQTERHWL
GEIEALAPAGEPAVQPAVLRTEAAEPAELDRDEQLRVILDKVRAQTAQVLGYATGGQIEVDRTFR
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EAGCTSLTGVDLRNRINAAFGVRMAPSMIFDFPTPEALAEQLLLVVHGEAAPSALAGLDALEAALP
EVPATEREELVQRLERMLAALRPVAQAADASGTGANPSGDDLGEAGVDELLEALGRELDGDHHH
HHH 
 

CP1P2N-[E3NDD/S8CDD]-CterHis6, (NAR9) 
MTDSEKVAEYLRRATLDLRAARQRIRELESDPVAIVGMACRLPGGVASPEDLWRLVAGGGDAISE
FPQDRGWDVEGLYHPDPEHPGTSYVRQGGFIENVAGFDAAFFGISPREALAMDPQQRLLLETSWE
AVEDAGIDPTSLRGRQVGVFTGAMTHEYGPSLRDGGEGLDGYLLTGNTASVMSGRVSYTLGLEG
PALTVDTACSSSLVALHLAVQALRKGEVDMALAGGVAVMPTPGMFVEFSRQRGLAGDGRSKAFA
ASADGTSWSEGVGVLLVERLSDARRNGHQVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRRAL
ADARLTTSDVDVVEAHGTGTRLGDPIEAQALIATYGQGRDDEQPLRLGSLKSNIGHTQAAAGVSG
VIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGAVELLTEAVDWPEKQDGGLRRAAVSSFGISGTN
AHVVLEEAPVVVEGASVVEPSVGGSAVGGGVTPWVVSAKSAAALDAQIERLAAFASRDRTDDADA
GAVDAGAVAHVLADGRAQFEHRAVALGAGADDLVQALADPDGLIRGTASGVGRVAFVFPGQGTQ
WAGMGAELLDSSAVFAAAMAECEAALSPYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSL
ARVWQHHGVTPQAVVGHSQGEIAAAYVAGALPLDDAARVVTLRSKSIAAHLAGKGGMLSLALNE
DAVLERLSDFDGLSVAAVNGPTATVVSGDPVQIEELAQACKADGFRARIIPVDYASHSRQVEIIESE
LAQVLAGLSPQAPRVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAIETLAVDEGFTHFVEVS
AHPVLTMTLPETVTGLGTLRREQGGQERLVTSLAEAWVNGLPVAWTSLLPATASRPGLPTYAFQ
AERYWLENTPAALATGDDWRYRIDWKRLPAAEGSERTGLSGRWLAVTPEDHSAQAAAVLTALVD
AGAKVEVLTAGADDDREALAARLTALTTGDGFTGVVSLLDGLVPQVAWVQALGDAGIKAPLWSV
TQGAVSVGRLDTPADPDRAMLWGLGRVVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATG
EDQIAIRTTGLHARRLARAPLHGRRPTRDWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLV
SRSGEQAPGATQLTAELTASGARVTIAACDVADPHAMRTLLDAIPAETPLTAVVHTAGALDDGIVD
TLTAEQVRRAHRAKAVGASVLDELTRDLDLDAFVLFSSVSSTLGIPGQGNYAPHNAYLDALAARR
RATGRSAVSVAWGPWDGGGMAAGDGVAERLRNHGVPGMDPELALAALESALGRDETAITVADID
WDRFYLAYSSGRPQPLVEELPEVRRIIDARDSATSGQGGSSAQGANPLAERLAAAAPGERTEILLG
LVRAQAAAVLRMRSPEDVAADRAFKDIGFDSLAGVELRNRLTRATGLQLPATLVFDHPTPLALVS
LLRSEFLGDEENGIESLLAELDRLDTTLAQGPSIPLEDQAKVAERLHALLAKWDGARDGTARATSP
QSLTAATDDEIFDLIDRKFRRHHHHHH 
 
CP6P7-[P6NDD]-CterHis6-C207A-P7ACPdeletion, (DML4) 
MTSSNEQLVDALRASLKENEELRKESRRRADRRQEPMAIVGMSCRFAGGIRSPEDLWDAVAAGK
DLVSEVPEERGWDIDSLYDPVPGRKGTTYVRNAAFLDDAAGFDAAFFGISPREALAMDPQQRQLL
EASWEVFERAGIDPASVRGTDVGVYVGCGYQDYAPDIRVAPEGTGGYVVTGNSSAVASGRIAYSL
GLEGPAVTVDTACSSSLVALHLALKGLRNGDCSTALVGGVAVLATPGAFIEFSSQQAMAADGRTK
GFASAADGLAWGEGVAVLLLERLSDARRKGHRVLAVVRGSAINQDGASNGLTAPHGPSQQRLIR
QALADARLTSSDVDVVEGHGTGTRLGDPIEAQALLATYGQGRAPGQPLRLGTLKSNIGHTQAASG
VAGVIKMVQALRHGVLPKTLHVDEPTDQVDWSAGSVELLTEAVDWPERPGRLRRAGVSAFGVG
GTNAHVVLEEAPAVEESPAVEPPAGGGVVPWPVSAKTSAALDAQIGQLAAYAEDRTDVDPAVAAR
ALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTVTDPGRVAFVFPGQGTQWAGMGAELL
DSSPEFAAAMAECETALSPYVDWSLEAVVRQAPSAPTLDRVDVVQPVTFAVMVSLAKVWQHHGIT
PEAVIGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRIENLHG
LSIAAVNGPTATVVSGDPTQIQELAQACEADGIRARIIPVDYASHSAHVETIENELADVLAGLSPQTP
QVPFFSTLEGTWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTLPDK
VTGLATLRREDGGQHRLTTSLAEAWANGLALDWASLLPATGALSPAVPDLPTYAFQHRSYWISPA
GPGEAPAHTASAEPSDHEQAEEEKAAAPAGARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVL
AEASAFRPQFASPEACSERLDPVLLAGGPTDRAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERD
FLAVPLPGYGTGTGTGTALLPADLDTALDAQARAILRAAGDAPVVLLGHSGGALLAHELAFRLER
AHGAPPAGIVLVDPYPPGHQEPIEVWSRQLGEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRS
SAPVLLVRASEPLGDWQEERGDWRAHWDLPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIE
GIEGAGHHHHHH 
CP2P4N-[S8NDD/E3CDD]-CterHis6, (ΔP31) 
MANEEKLREYLKRVVVELEEAHERLHELERQEHDPIAIVAMSCRYPGDIRSPEDLWRMLSEGGEG
ITPFPTDRGWDLDGLYDADPDALGRAYVREGGFLHDAAEFDAEFFGVSPREALAMDPQQRMLLT



 
 

S47 

TSWEAFERAGIEPASLRGSSTGVFIGLSYQDYAARVPNAPRGVEGYLLTGSTPSVASGRIAYTFGLE
GPATTVDTACSSSLTALHLAVRALRSGECTMALAGGVAMMATPHMFVEFSRQRALAPDGRSKAF
SADADGFGAAEGVGLLLVERLSDARRNGHPVLAVVRGTAVNQDGASNGLTAPNGPSQQRVIRQA
LADARLAPGDIDAVETHGTGTSLGDPIEAQGLQATYGKERPAERPLAIGSVKSNIGHTQAAAGAAG
IIKMVLAMRHGTLPKTLHADEPSPHVDWANSGLALVTEPIDWPAGTGPRRAAVSSFGISGTNAHV
VLEQAPDAASSETPASEATPAVEPSVGAGLVPWLVSAKTPAALDAQIGRLAAFASQGRTDAADPGA
VARVLAGGRAEFEHRAVVLGTGQDDFAQALTAPEGLIRGTPSDVGRVAFVFPGQGTQWAGMGAE
LLDVSKEFAAAMAECESALSRYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAKVWQHH
GVTPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRIEN
LHGLSIAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELAEVLAGLS
PRTPEVPFFSTLEGAWITEPVLDGTYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTL
PETVTGLGTLRREQGGQERLVTSLAEAWTNGLTIDWAPVLPTATGHHPELPTYAFQRRHYWLHD
SPAVQGSVQDSWRYRIDWKRLAVADASERAGLSGRWLVVVPEDRSAEAAPVLAALSGAGADPVQ
LDVSPLGDRQRLAATLGEALAAAGGAVDGVLSLLAWDESAHPGHPAPFTRGTGATLTLVQALED
AGVAAPLWCVTHGAVSVGRADHVTSPAQAMVWGMGRVAALEHPERWGGLIDLPSDADRAALDR
MTTVLAGGTGEDQVAVRASGLLARRLVRASLPAHGTASPWWQADGTVLVTGAEEPAAAEAARR
LARDGAGHLLLHTTPSGSEGAEGTSGAAEDSGLAGLVAELADLGATATVVTCDLTDAEAAARLLA
GVSDAHPLSAVLHLPPTVDSEPLAATDADALARVVTAKATAALHLDRLLREAAAAGGRPPVLVLF
SSVAAIWGGAGQGAYAAGTAFLDALAGQHRADGPTVTSVAWSPWEGSRVTEGATGERLRRLGLR
PLAPATALTALDTALGHGDTAVTIADVDWSSFAPGFTTARPGTLLADLPEARRALDEQQSTTAADD
TVLSRELGALTGAEQQRRMQELVREHLAVVLNHPSPEAVDTGRAFRDLGFDSLTAVELRNRLKN
ATGLALPATLVFDYPTPRTLAEFLLAEILGEQAASPSALAGLDALEAALPEVPATEREELVQRLER
MLAALRPVAQAADASGTGANPSGDDLGEAGVDELLEALGRELDGDHHHHHH 
 
CP5R5N-[E5NDD/S5CDD]-CterHis6, (ANH1; x2) 
MSGDNGMTEEKLRRYLKRTVTELDSVTARLREVEHRAGEPIAIVGMACRLPGGVASPEDLWQLV
AGDGDAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQ
RLSLTTAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSG
RIAYVLGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGL
AADGRSKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPS
QQRVIRRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHT
QAAAGVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAV
SSFGISGTNAHVVLEEAPAVESSPAEEEQPVETPVVASDVLPLVISAKTQPALTEHEDRLRAYLAASP
GADTRAVASTLAVTRSVFEHRAVLLGDDAVTGTAVTDPRVVFVFPGQGWQWLGMGSALRDSSVV
FAERMAECAAALSEFVDWDLFAVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIG
HSQGEIAAACVAGAVSLRDAARIVTLRSQAIARGLAGRGAMASVALPAHEIELVDGAWIAAHNGP
ASTVIAGTPEAVDHVLTAHEARGVRVRRITVDYASHTPHVELIRDELLGITAGIGSQPPVVPWLSTV
DGSWVDSPLDGEYWYRNLREPVGFHPAVSQLQAQGDAVFVEVSASPVLLQAMDDDVVTVATLRR
DDGDATRMLTALAQAYVHGVTVDWPAILGTTTARVLDLPTYAFQHQRYWVKSVDRAAADGHPL
LGAVVELPESDGVLLTGRVSLATHAWLADHAVWGSVLLPGTAFVELVVHAAGEVGCDVVDELVI
ETPLLLPQTGGVQLSVSVGEADESGHRVVTVFSRADNADTWTRHVSATVRVSDTTVPPSDLTAWP
PAQAKPVDVAGFYDQLTGMGYEYGPAFQGLQAAWRDGDTVFAEVALAEEQVREAARYAVHPAL
LDAALHACTLNASDAEVGVGLPFSWNGVRVHAGGSAMLRVAVTQAADGWSVRVADDIGRPVASV
GSLVTRPVTADALGSAADDLLALTWAGIPTPQQTGLTVGRFEELVSDGDVPVPEVAVFTALPDND
DDPLEQTRKLTGQVLQAVQEWLGGERFSDSTLVVRTGTGLAAAGVSGLMRSAQSEHPGRFVLVE
SDDDALAPDQLAAAVGLDEPRLRISDGRFEVPRLTRTHAAEPESEKVWDPDGTVLITGGSGVLAGI
AARHLVAERGVRHLLLLSRSAPDEALINQLGELGARVETAACDVSDRAALAQVLAGVSPEHPLTA
VIHTAGALDDGVVESLTAQRLDAVLRPKADGAWNLHELTRDADLAAFVMYSSAAGVLGSAGQGN
YAAANAFVDALAEQRRAEGLPALAVAWGLWEDASGLTANLTDTDRDRIRRGGLRAISAEYGMGL
FDSASRHSEPVLVAAAMEPVRDAEVPALLRSLHRPIARRAASTGDSSVQWLAALAPEERAKALLRV
VCDSAATVLGHADIDSIPVTAAFKDLGVDSLTAVELRNSLAKATGLRLPATLVFDYPTPTALAARL
DELFAPAEPASTVDSALAELDRIEQQLSMLTGEARARDRIATRLRALHEKWNSAAEVPTGADVLST
LDSATHDEIFEFIDNELDLSHHHHHH 
 
 



 
 

S48 

CR5P7N-[S5NDD]-CterHis6, (ANH1; y2) 
MANEEKLFGYLKKVTADLHQTRQRLLAAESRSQEPIAIVGMACRLPGGVSSPEDLWRLVESGTDA
ISGFPADRGWDVENLYDPDPEAAGKSYCVQGGFLDSAGGFDASFFGISPREALAMDPQQRLVLEAS
WEAFERAGIEPGSLRGSDTGVFMGAYPGGYGVGADLGGFGATAGAVSVLSGRVSYFFGLEGPAV
TVDTACSSSLVALHQAGYALRQGECSLALVGGVTVMATPQSFVEFSRQRGLASDGRCKAFADAAD
GTGWAEGAGVLLVERLSDAQAKGHQVLAVVRGSAVNQDGASNGLSAPNGPSQQRVIRAALSNAG
LSTAEVDVVEAHGTGTTLGDPIEAQALLATYGQDREQPLLLGSVKSNLGHTQAAAGVSGVIKMV
MALQHGLVPRTLHVDEPSRHVDWTDGAVALVTENQPWPDMGRPRRAGVSSFGISGTNAHVILES
APPTQSSSPAVEPPAGGGVVPWPVSAKTSAALDAQIGQLAAYAEDRTDVDPAVAARALVDSRTAM
EHRAVAVGDSREALRDALRMPEGLVRGTVTDPGRVAFVFPGQGTQWAGMGAELLDSSPEFAAA
MAECETALSPYVDWSLEAVVRQAPSAPTLDRVDVVQPVTFAVMVSLAKVWQHHGITPEAVIGHS
QGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRIENLHGLSIAAVNG
PTATVVSGDPTQIQELAQACEADGIRARIIPVDYASHSAHVETIENELADVLAGLSPQTPQVPFFSTL
EGTWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTLPDKVTGLATLR
REDGGQHRLTTSLAEAWANGLALDWASLLPATGALSPAVPDLPTYAFQHRSYWISPAGPGEAPAH
TASGREAVAETGLAWGPGAEDLDEEGRRSAVLAMVMRQAASVLRCDSPEEVPVDRPLREIGFDSL
TAVDFRNRVNRLTGLQLPPTVVFEHPTPVALAERISDELAERNWAVAEPSDHEQAEEEKAAAPAG
ARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVLAEASAFRPQFASPEACSERLDPVLLAGGPTD
RAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERDFLAVPLPGYGTGTGTGTALLPADLDTALDA
QARAILRAAGDAPVVLLGHSGGALLAHELAFRLERAHGAPPAGIVLVDPYPPGHQEPIEVWSRQL
GEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRSSAPVLLVRASEPLGDWQEERGDWRAHWD
LPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIEGIEGAGKHHHHHH 
 

CP5R5N-[P5NDD/S5CDD]-CterHis6, (ANH3) 
MANNEDKLRDYLKRVTAELQQNTRRLREIEGRTHEPVAIVGMACRLPGGVASPEDLWQLVAGDG
DAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQRLSLT
TAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSGRIAYV
LGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGLAADGR
SKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPSQQRVI
RRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHTQAAA
GVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAVSSFGI
SGTNAHVVLEEAPAVEDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDVDPAVAA
RALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWAGMGAEL
LDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAKVWQHHG
ITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAVLKRLSDF
DGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAEVLAGLAP
QAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPVLTMTLP
ETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERFWLQSSA
PAAADGHPLLGAVVELPESDGVLLTGRVSLATHAWLADHAVWGSVLLPGTAFVELVVHAAGEVG
CDVVDELVIETPLLLPQTGGVQLSVSVGEADESGHRVVTVFSRADNADTWTRHVSATVRVSDTTV
PPSDLTAWPPAQAKPVDVAGFYDQLTGMGYEYGPAFQGLQAAWRDGDTVFAEVALAEEQVREA
ARYAVHPALLDAALHACTLNASDAEVGVGLPFSWNGVRVHAGGSAMLRVAVTQAADGWSVRVA
DDIGRPVASVGSLVTRPVTADALGSAADDLLALTWAGIPTPQQTGLTVGRFEELVSDGDVPVPEVA
VFTALPDNDDDPLEQTRKLTGQVLQAVQEWLGGERFSDSTLVVRTGTGLAAAGVSGLMRSAQSE
HPGRFVLVESDDDALAPDQLAAAVGLDEPRLRISDGRFEVPRLTRTHAAEPESEKVWDPDGTVLIT
GGSGVLAGIAARHLVAERGVRHLLLLSRSAPDEALINQLGELGARVETAACDVSDRAALAQVLAG
VSPEHPLTAVIHTAGALDDGVVESLTAQRLDAVLRPKADGAWNLHELTRDADLAAFVMYSSAAG
VLGSAGQGNYAAANAFVDALAEQRRAEGLPALAVAWGLWEDASGLTANLTDTDRDRIRRGGLR
AISAEYGMGLFDSASRHSEPVLVAAAMEPVRDAEVPALLRSLHRPIARRAASTGDSSVQWLAALAP
EERAKALLRVVCDSAATVLGHADIDSIPVTAAFKDLGVDSLTAVELRNSLAKATGLRLPATLVFDY
PTPTALAARLDELFAPAEPASTVDSALAELDRIEQQLSMLTGEARARDRIATRLRALHEKWNSAAE
VPTGADVLSTLDSATHDEIFEFIDNELDLSHHHHHH 
 
 
 



 
 

S49 

CP2P4N-[S8NDD/S3CDD]-CterHis6, (ΔP33) 
MANEEKLREYLKRVVVELEEAHERLHELERQEHDPIAIVAMSCRYPGDIRSPEDLWRMLSEGGEG
ITPFPTDRGWDLDGLYDADPDALGRAYVREGGFLHDAAEFDAEFFGVSPREALAMDPQQRMLLT
TSWEAFERAGIEPASLRGSSTGVFIGLSYQDYAARVPNAPRGVEGYLLTGSTPSVASGRIAYTFGLE
GPATTVDTACSSSLTALHLAVRALRSGECTMALAGGVAMMATPHMFVEFSRQRALAPDGRSKAF
SADADGFGAAEGVGLLLVERLSDARRNGHPVLAVVRGTAVNQDGASNGLTAPNGPSQQRVIRQA
LADARLAPGDIDAVETHGTGTSLGDPIEAQGLQATYGKERPAERPLAIGSVKSNIGHTQAAAGAAG
IIKMVLAMRHGTLPKTLHADEPSPHVDWANSGLALVTEPIDWPAGTGPRRAAVSSFGISGTNAHV
VLEQAPDAASSETPASEATPAVEPSVGAGLVPWLVSAKTPAALDAQIGRLAAFASQGRTDAADPGA
VARVLAGGRAEFEHRAVVLGTGQDDFAQALTAPEGLIRGTPSDVGRVAFVFPGQGTQWAGMGAE
LLDVSKEFAAAMAECESALSRYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAKVWQHH
GVTPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRIEN
LHGLSIAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELAEVLAGLS
PRTPEVPFFSTLEGAWITEPVLDGTYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTL
PETVTGLGTLRREQGGQERLVTSLAEAWTNGLTIDWAPVLPTATGHHPELPTYAFQRRHYWLHD
SPAVQGSVQDSWRYRIDWKRLAVADASERAGLSGRWLVVVPEDRSAEAAPVLAALSGAGADPVQ
LDVSPLGDRQRLAATLGEALAAAGGAVDGVLSLLAWDESAHPGHPAPFTRGTGATLTLVQALED
AGVAAPLWCVTHGAVSVGRADHVTSPAQAMVWGMGRVAALEHPERWGGLIDLPSDADRAALDR
MTTVLAGGTGEDQVAVRASGLLARRLVRASLPAHGTASPWWQADGTVLVTGAEEPAAAEAARR
LARDGAGHLLLHTTPSGSEGAEGTSGAAEDSGLAGLVAELADLGATATVVTCDLTDAEAAARLLA
GVSDAHPLSAVLHLPPTVDSEPLAATDADALARVVTAKATAALHLDRLLREAAAAGGRPPVLVLF
SSVAAIWGGAGQGAYAAGTAFLDALAGQHRADGPTVTSVAWSPWEGSRVTEGATGERLRRLGLR
PLAPATALTALDTALGHGDTAVTIADVDWSSFAPGFTTARPGTLLADLPEARRALDEQQSTTAADD
TVLSRELGALTGAEQQRRMQELVREHLAVVLNHPSPEAVDTGRAFRDLGFDSLTAVELRNRLKN
ATGLALPATLVFDYPTPRTLAEFLLAEILGEQAASAGTFEELDRWAANLPTLARDEATRAQITTRL
QAILQSLADVSGGTGGGSVPDRLRSATDDELFQLLDNDLELPHHHHHH 
 

CP3P4N-[S8NDD/S3CDD]-CterHis6, (ΔP32) 
MANEEKLREYLKRVVVELEEAHERLHELERQEHDPIAIVGMACRLPGGVASPEDLWRLVAGGED
AISEFPQDRGWDVEGLYDPNPEATGKSYAREAGFLYEAGEFDADFFGISPREALAMDPQQRLLLEA
SWEAFEHAGIPAATARGTSVGVFTGVMYHDYATRLTDVPEGIEGYLGTGNSGSVASGRVAYTLGL
EGPAVTVDTACSSSLVALHLAVQALRKGEVDMALAGGVTVMSTPSTFVEFSRQRGLAPDGRSKSF
SSTADGTSWSEGVGVLLVERLSDARRKGHRILAVVRGTAVNQDGASSGLTAPNGPSQQRVIRRAL
ADARLTTSDVDVVEAHGTGTRLGDPIEAQAVIATYGQGRDGEQPLRLGSLKSNIGHTQAAAGVSG
VIKMVQAMRHGVLPKTLHVEKPTDQVDWSAGAVELLTEAMDWPDKGDGGLRRAAVSSFGVSGT
NAHVVLEEAPAAESSETPASEATPAVEPSVGAGLVPWLVSAKTPAALDAQIGRLAAFASQGRTDAA
DPGAVARVLAGGRAEFEHRAVVLGTGQDDFAQALTAPEGLIRGTPSDVGRVAFVFPGQGTQWAG
MGAELLDVSKEFAAAMAECESALSRYVDWSLEAVVRQAPGAPTLERVDVVQPVTFAVMVSLAKV
WQHHGVTPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEAT
RQRIENLHGLSIAAVNGPTATVVSGDPTQIQELAQACEADGVRARIIPVDYASHSAHVETIESELAE
VLAGLSPRTPEVPFFSTLEGAWITEPVLDGTYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHP
VLTMTLPETVTGLGTLRREQGGQERLVTSLAEAWTNGLTIDWAPVLPTATGHHPELPTYAFQRR
HYWLHDSPAVQGSVQDSWRYRIDWKRLAVADASERAGLSGRWLVVVPEDRSAEAAPVLAALSGA
GADPVQLDVSPLGDRQRLAATLGEALAAAGGAVDGVLSLLAWDESAHPGHPAPFTRGTGATLTL
VQALEDAGVAAPLWCVTHGAVSVGRADHVTSPAQAMVWGMGRVAALEHPERWGGLIDLPSDAD
RAALDRMTTVLAGGTGEDQVAVRASGLLARRLVRASLPAHGTASPWWQADGTVLVTGAEEPAA
AEAARRLARDGAGHLLLHTTPSGSEGAEGTSGAAEDSGLAGLVAELADLGATATVVTCDLTDAEA
AARLLAGVSDAHPLSAVLHLPPTVDSEPLAATDADALARVVTAKATAALHLDRLLREAAAAGGRP
PVLVLFSSVAAIWGGAGQGAYAAGTAFLDALAGQHRADGPTVTSVAWSPWEGSRVTEGATGERL
RRLGLRPLAPATALTALDTALGHGDTAVTIADVDWSSFAPGFTTARPGTLLADLPEARRALDEQQ
STTAADDTVLSRELGALTGAEQQRRMQELVREHLAVVLNHPSPEAVDTGRAFRDLGFDSLTAVEL
RNRLKNATGLALPATLVFDYPTPRTLAEFLLAEILGEQAASPSALAGLDALEAALPEVPATEREEL
VQRLERMLAALRPVAQAADASGTGANPSGDDLGEAGVDELLEALGRELDGDHHHHHH 
 

 



 
 

S50 

CP5P7-[E5NDD]-CterHis6, (ΔP61) 
MSGDNGMTEEKLRRYLKRTVTELDSVTARLREVEHRAGEPIAIVGMACRLPGGVASPEDLWQLV
AGDGDAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQ
RLSLTTAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSG
RIAYVLGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGL
AADGRSKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPS
QQRVIRRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHT
QAAAGVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAV
SSFGISGTNAHVVLEEAPAVESSSPAVEPPAGGGVVPWPVSAKTSAALDAQIGQLAAYAEDRTDVD
PAVAARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTVTDPGRVAFVFPGQGTQWAG
MGAELLDSSPEFAAAMAECETALSPYVDWSLEAVVRQAPSAPTLDRVDVVQPVTFAVMVSLAKV
WQHHGITPEAVIGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATR
QRIENLHGLSIAAVNGPTATVVSGDPTQIQELAQACEADGIRARIIPVDYASHSAHVETIENELADVL
AGLSPQTPQVPFFSTLEGTWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVL
TMTLPDKVTGLATLRREDGGQHRLTTSLAEAWANGLALDWASLLPATGALSPAVPDLPTYAFQH
RSYWISPAGPGEAPAHTASGREAVAETGLAWGPGAEDLDEEGRRSAVLAMVMRQAASVLRCDSP
EEVPVDRPLREIGFDSLTAVDFRNRVNRLTGLQLPPTVVFEHPTPVALAERISDELAERNWAVAEPS
DHEQAEEEKAAAPAGARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVLAEASAFRPQFASPEA
CSERLDPVLLAGGPTDRAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERDFLAVPLPGYGTGTG
TGTALLPADLDTALDAQARAILRAAGDAPVVLLGHSGGALLAHELAFRLERAHGAPPAGIVLVDP
YPPGHQEPIEVWSRQLGEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRSSAPVLLVRASEPLG
DWQEERGDWRAHWDLPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIEGIEGAGKHHHHHH 
 

CP5P7-[P5NDD]-CterHis6, (ΔP62) 
MANNEDKLRDYLKRVTAELQQNTRRLREIEGRTHEPVAIVGMACRLPGGVASPEDLWQLVAGDG
DAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQRLSLT
TAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSGRIAYV
LGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGLAADGR
SKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPSQQRVI
RRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHTQAAA
GVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAVSSFGI
SGTNAHVVLEEAPAVESSSPAVEPPAGGGVVPWPVSAKTSAALDAQIGQLAAYAEDRTDVDPAVA
ARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTVTDPGRVAFVFPGQGTQWAGMGAE
LLDSSPEFAAAMAECETALSPYVDWSLEAVVRQAPSAPTLDRVDVVQPVTFAVMVSLAKVWQHH
GITPEAVIGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRIENL
HGLSIAAVNGPTATVVSGDPTQIQELAQACEADGIRARIIPVDYASHSAHVETIENELADVLAGLSP
QTPQVPFFSTLEGTWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTL
PDKVTGLATLRREDGGQHRLTTSLAEAWANGLALDWASLLPATGALSPAVPDLPTYAFQHRSYW
ISPAGPGEAPAHTASGREAVAETGLAWGPGAEDLDEEGRRSAVLAMVMRQAASVLRCDSPEEVPV
DRPLREIGFDSLTAVDFRNRVNRLTGLQLPPTVVFEHPTPVALAERISDELAERNWAVAEPSDHEQ
AEEEKAAAPAGARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVLAEASAFRPQFASPEACSERL
DPVLLAGGPTDRAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERDFLAVPLPGYGTGTGTGTAL
LPADLDTALDAQARAILRAAGDAPVVLLGHSGGALLAHELAFRLERAHGAPPAGIVLVDPYPPGH
QEPIEVWSRQLGEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRSSAPVLLVRASEPLGDWQEE
RGDWRAHWDLPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIEGIEGAGKHHHHHH 
 

CP5P7-[P5NDD]-CterHis6, (ΔP63) 
MANNEDKLRDYLKRVTAELQQNTRRLREIEGRTHEPVAIVGMACRLPGGVASPEDLWQLVAGDG
DAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQRLSLT
TAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSGRIAYV
LGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGLAADGR
SKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPSQQRVI
RRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHTQAAA
GVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAVSSFGI
SGTNAHVVLEEAPAVEDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDVDPAVAA
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RALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWAGMGAEL
LDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAKVWQHHG
ITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAVLKRLSDF
DGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAEVLAGLAP
QAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPVLTMTLP
ETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERFWLQSSA
PGEAPAHTASGREAVAETGLAWGPGAEDLDEEGRRSAVLAMVMRQAASVLRCDSPEEVPVDRPL
REIGFDSLTAVDFRNRVNRLTGLQLPPTVVFEHPTPVALAERISDELAERNWAVAEPSDHEQAEEE
KAAAPAGARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVLAEASAFRPQFASPEACSERLDPVL
LAGGPTDRAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERDFLAVPLPGYGTGTGTGTALLPAD
LDTALDAQARAILRAAGDAPVVLLGHSGGALLAHELAFRLERAHGAPPAGIVLVDPYPPGHQEPIE
VWSRQLGEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRSSAPVLLVRASEPLGDWQEERGDW
RAHWDLPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIEGIEGAGKHHHHHH 
 

 

 
MSGDNGMTEEKLRRYLKRTVTELDSVTARLREVEHRAGEPIAIVGMACRFPGDVDSPESFWEFVS
GGGDAIAEAPADRGWEPDPDARLGGMLAAAGDFDAGFFGISPREALAMDPQQRIMLEISWEALER
AGHDPVSLRGSATGVFTGVGTVDYGPRPDEAPDEVLGYVGTGTASSVASGRVAYCLGLEGPAMT
VDTACSSGLTALHLAMESLRRDECGLALAGGVTVMSSPGAFTEFRSQGGLAADGRCKPFSKAADG
FGLAEGAGVLVLQRLSAARREGRPVLAVLRGSAVNQDGASNGLTAPSGPAQQRVIRRALENAGVR
AGDVDYVEAHGTGTRLGDPIEVHALLSTYGAERDPDDPLWIGSVKSNIGHTQAAAGVAGVMKAV
LALRHGEMPRTLHFDEPSPQIEWDLGAVSVVSQARSWPAGERPRRAGVSSFGISGTNAHVIVEEAP
EADSSEPEPAPDSGPVPLVLSGRDEQAMRAQAGRLADHLAREPRNSLRDTGFTLATRRSAWEHRA
VVVGDRDDALAGLRAVADGRIADRTATGQARTRRGVAMVFPGQGAQWQGMARDLLRESQVFAD
SIRDCERALAPHVDWSLTDLLSGARPLDRVDVVQPALFAVMVSLAALWRSHGVEPAAVVGHSQG
EIAAAHVAGALTLEDAAKLVAVRSRVLRRLGGQGGMASFGLGTEQAAERIGRFAGALSIASVNGP
RSVVVAGESGPLDELIAECEAEGITARRIPVDYASHSPQVESLREELLTELAGISPVSADVALYSTTT
GQPIDTATMDTAYWYANLREQVRFQDATRQLAEAGFDAFVEVSPHPVLTVGIEATLDSALPADAG
ACVVGTLRRDRGGLADFHTALGEAYAQGVEVDWSPAFADARPVELPVYPFQRQRYWLPIPTGGR
ARDEDDDWRYQVVWREAEWESASLAGRVLLVTGPGVPSELSDAIRSGLEQSGATVLTCDVESRST
IGTALEAADTDALSTVVSLLSRDGEAVDPSLDALALVQALGAAGVEAPLWVLTRNAVQVADGELV
DPAQAMVGGLGRVVGIEQPGRWGGLVDLVDADAASIRSLAAVLADPRGEEQVAIRADGIKVARLV
PAPARAARTRWSPRGTVLVTGGTGGIGAHVARWLARSGAEHLVLLGRRGADAPGASELREELTA
LGTGVTIAACDVADRARLEAVLAAERAEGRTVSAVMHAAGVSTSTPLDDLTEAEFTEIADVKVRG
TVNLDELCPDLDAFVLFSSNAGVWGSPGLASYAAANAFLDGFARRRRSEGAPVTSIAWGLWAGQN
MAGDEGGEYLRSQGLRAMDPDRAVEELHITLDHGQTSVSVVDMDRRRFVELFTAARHRPLFDEIA
GARAEARQSEEGPALAQRLAALSTAERREHLAHLIRAEVAAVLGHGDDAAIDRDRAFRDLGFDSM
TAVDLRNRLAAVTGVREAATVVFDHPTITRLADHYLERLVGAAEASTVDSALAELDRIEQQLSML
TGEARARDRIATRLRALHEKWNSAAEVPTGADVLSTLDSATHDEIFEFIDNELDLSHHHHHH 
 

 

 
MSGDNGMTEEKLRRYLKRTVTELDSVTARLREVEHRAGEPIAIVGMACRLPGGVASPEDLWQLV
AGDGDAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQ
RLSLTTAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSG
RIAYVLGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGL
AADGRSKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPS
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QQRVIRRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHT
QAAAGVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAV
SSFGISGTNAHVVLEEAPAVESSEPEPAPDSGPVPLVLSGRDEQAMRAQAGRLADHLAREPRNSLR
DTGFTLATRRSAWEHRAVVVGDRDDALAGLRAVADGRIADRTATGQARTRRGVAMVFPGQGAQ
WQGMARDLLRESQVFADSIRDCERALAPHVDWSLTDLLSGARPLDRVDVVQPALFAVMVSLAAL
WRSHGVEPAAVVGHSQGEIAAAHVAGALTLEDAAKLVAVRSRVLRRLGGQGGMASFGLGTEQA
AERIGRFAGALSIASVNGPRSVVVAGESGPLDELIAECEAEGITARRIPVDYASHSPQVESLREELLT
ELAGISPVSADVALYSTTTGQPIDTATMDTAYWYANLREQVRFQDATRQLAEAGFDAFVEVSPHP
VLTVGIEATLDSALPADAGACVVGTLRRDRGGLADFHTALGEAYAQGVEVDWSPAFADARPVELP
VYPFQRQRYWLPIPTGGRARDEDDDWRYQVVWREAEWESASLAGRVLLVTGPGVPSELSDAIRS
GLEQSGATVLTCDVESRSTIGTALEAADTDALSTVVSLLSRDGEAVDPSLDALALVQALGAAGVEA
PLWVLTRNAVQVADGELVDPAQAMVGGLGRVVGIEQPGRWGGLVDLVDADAASIRSLAAVLADP
RGEEQVAIRADGIKVARLVPAPARAARTRWSPRGTVLVTGGTGGIGAHVARWLARSGAEHLVLL
GRRGADAPGASELREELTALGTGVTIAACDVADRARLEAVLAAERAEGRTVSAVMHAAGVSTSTP
LDDLTEAEFTEIADVKVRGTVNLDELCPDLDAFVLFSSNAGVWGSPGLASYAAANAFLDGFARRR
RSEGAPVTSIAWGLWAGQNMAGDEGGEYLRSQGLRAMDPDRAVEELHITLDHGQTSVSVVDMD
RRRFVELFTAARHRPLFDEIAGARAEARQSEEGPALAQRLAALSTAERREHLAHLIRAEVAAVLGH
GDDAAIDRDRAFRDLGFDSMTAVDLRNRLAAVTGVREAATVVFDHPTITRLADHYLERLVGAAEA
STVDSALAELDRIEQQLSMLTGEARARDRIATRLRALHEKWNSAAEVPTGADVLSTLDSATHDEIF
EFIDNELDLSHHHHHH 
 

 
 
MSGDNGMTEEKLRRYLKRTVTELDSVTARLREVEHRAGEPIAIVGMACRLPGGVASPEDLWQLV
AGDGDAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQ
RLSLTTAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSG
RIAYVLGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGL
AADGRSKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPS
QQRVIRRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHT
QAAAGVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAV
SSFGISGTNAHVVLEEAPAVESSDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDV
DPAVAARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWA
GMGAELLDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAK
VWQHHGITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAV
LKRLSDFDGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAE
VLAGLAPQAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPV
LTMTLPETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERF
WLQSSAPGRARDEDDDWRYQVVWREAEWESASLAGRVLLVTGPGVPSELSDAIRSGLEQSGATV
LTCDVESRSTIGTALEAADTDALSTVVSLLSRDGEAVDPSLDALALVQALGAAGVEAPLWVLTRNA
VQVADGELVDPAQAMVGGLGRVVGIEQPGRWGGLVDLVDADAASIRSLAAVLADPRGEEQVAIR
ADGIKVARLVPAPARAARTRWSPRGTVLVTGGTGGIGAHVARWLARSGAEHLVLLGRRGADAPG
ASELREELTALGTGVTIAACDVADRARLEAVLAAERAEGRTVSAVMHAAGVSTSTPLDDLTEAEF
TEIADVKVRGTVNLDELCPDLDAFVLFSSNAGVWGSPGLASYAAANAFLDGFARRRRSEGAPVTSI
AWGLWAGQNMAGDEGGEYLRSQGLRAMDPDRAVEELHITLDHGQTSVSVVDMDRRRFVELFTA
ARHRPLFDEIAGARAEARQSEEGPALAQRLAALSTAERREHLAHLIRAEVAAVLGHGDDAAIDRD
RAFRDLGFDSMTAVDLRNRLAAVTGVREAATVVFDHPTITRLADHYLERLVGAAEASTVDSALAE
LDRIEQQLSMLTGEARARDRIATRLRALHEKWNSAAEVPTGADVLSTLDSATHDEIFEFIDNELDLS
HHHHHH 
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MSGDNGMTEEKLRRYLKRTVTELDSVTARLREVEHRAGEPIAIVGMACRLPGGVASPEDLWQLV
AGDGDAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQ
RLSLTTAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSG
RIAYVLGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGL
AADGRSKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPS
QQRVIRRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHT
QAAAGVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAV
SSFGISGTNAHVVLEEAPAVESSDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDV
DPAVAARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWA
GMGAELLDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAK
VWQHHGITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAV
LKRLSDFDGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAE
VLAGLAPQAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPV
LTMTLPETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERF
WLQSSAPGRARDEDDDWRYQVVWREAEWESASLAGRVLLVTGPGVPSELSDAIRSGLEQSGATV
LTCDVESRSTIGTALEAADTDALSTVVSLLSRDGEAVDPSLDALALVQALGAAGVEAPLWVLTRNA
VQVADGELVDPAQAMVGGLGRVVGIEQPGRWGGLVDLVDADAASIRSLAAVLADPRGEEQVAIR
ADGIKVARLVPAPARAARTRWSPRGTVLVTGGTGGIGAHVARWLARSGAEHLVLLGRRGADAPG
ASELREELTALGTGVTIAACDVADRARLEAVLAAERAEGRTVSAVMHAAGVSTSTPLDDLTEAEF
TEIADVKVRGTVNLDELCPDLDAFVLFSSNAGVWGSPGLASYAAANAFLDGFARRRRSEGAPVTSI
AWGLWAGQNMAGDEGGEYLRSQGLRAMDPDRAVEELHITLDHGQTSVSVVDMDRRRFVELFTA
ARHRPLFDEIAGARAEARQSEEGPALAQRLAALSTAERREHLAHLIRAEVAAVLGHGDDAAIDRD
RAFRDLGFDSMTAVDLRNRLAAVTGVREAATVVFDHPTITRLADHYLERLVGAAEASTVDSALAE
LDRIEQQLSMLTGEARARDRIATRLRALHEKWNSAAEVPTGADVLSTLDSATHDEIFEFIDNELDLS
HHHHHH 
 
 

 
MSGDNGMTEEKLRRYLKRTVTELDSVTARLREVEHRAGEPIAIVGMACRLPGGVASPEDLWQLV
AGDGDAISEFPQDRGWDVEGLYDPDPDASGRTYCRSGGFLHDAGEFDADFFGISPREALAMDPQQ
RLSLTTAWEAIESAGIDPTALKGSGLGVFVGGWHTGYTSGQTTAVQSPELEGHLVSGAALGFLSG
RIAYVLGTDGPALTVDTACSSSLVALHLAVQALRKGECDMALAGGVTVMPNADLFVQFSRQRGL
AADGRSKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPS
QQRVIRRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHT
QAAAGVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAV
SSFGISGTNAHVVLEEAPAVESSDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDV
DPAVAARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWA
GMGAELLDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAK
VWQHHGITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAV
LKRLSDFDGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAE
VLAGLAPQAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPV
LTMTLPETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERF
WLQSSAPTSAADDWRYRVEWKPLTASGQADLSGRWIVAVGSEPEAELLGALKAAGAEVDVLEAG
ADDDREALAARLTALTTGDGFTGVVSLLDDLVPQVAWVQALGDAGIKAPLWSVTQGAVSVGRLD
TPADPDRAMLWGLGRVVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATGEDQIAIRTTGLH
ARRLARAPLHGRRPTRDWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLVSRSGEQAPGAT
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QLTAELTASGARVTIAACDVADPHAMRTLLDAIPAETPLTAVVHTAGAPGGDPLDVTGPEDIARIL
GAKTSGAEVLDDLLRGTPLDAFVLYSSNAGVWGSGSQGVYAAANAHLDALAARRRARGETATSV
AWGLWAGDGMGRGADDAYWQRRGIRPMSPDRALDELAKALSHDETFVAVADVDWERFAPAFT
VSRPSLLLDGVPEARQALAAPVGAPAPGDAAVAPTGQSSALAAITALPEPERRPALLTLVRTHAAA
VLGHSSPDRVAPGRAFTELGFDSLTAVQLRNQLSTVVGNRLPATTVFDHPTPAALAAHLHEAYLAP
AEASTVDSALAELDRIEQQLSMLTGEARARDRIATRLRALHEKWNSAAEVPTGADVLSTLDSATH
DEIFEFIDNELDLSHHHHHH 
 
 

 
MANEEKLFGYLKKVTADLHQTRQRLLAAESRSQEPIAIVGMACRFPGGVHNPGELWEFIVGGGD
AVTEMPTDRGWDLDALFDPDPQRHGTSYSRHGAFLDGAADFDAAFFGISPREALAMDPQQRQVL
ETTWELFENAGIDPHSLRGSDTGVFLGAAYQGYGQDAVVPEDSEGYLLTGNSSAVVSGRVAYVLG
LEGPAVTVDTACSSSLVALHSACGSLRDGDCGLAVAGGVSVMAGPEVFTEFSRQGGLAVDGRCKA
FSAEADGFGFAEGVAVVLLQRLSDARRAGRQVLGVVAGSAINQDGASNGLAAPSGVAQQRVIRKA
WARAGITGADVAVVEAHGTGTRLGDPVEASALLATYGKSRGSSGPVLLGSVKSNIGHAQAAAGVA
GVIKVVLGLNRGLVPPMLCRGERSPLIEWSSGGVELAEAVSPWPPAADGVRRAGVSAFGVSGTNA
HVIIAEPPEPESSSPAVEPPAGGGVVPWPVSAKTSAALDAQIGQLAAYAEDRTDVDPAVAARALVDS
RTAMEHRAVAVGDSREALRDALRMPEGLVRGTVTDPGRVAFVFPGQGTQWAGMGAELLDSSPE
FAAAMAECETALSPYVDWSLEAVVRQAPSAPTLDRVDVVQPVTFAVMVSLAKVWQHHGITPEAVI
GHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALSEEATRQRIENLHGLSIAA
VNGPTATVVSGDPTQIQELAQACEADGIRARIIPVDYASHSAHVETIENELADVLAGLSPQTPQVPF
FSTLEGTWITEPALDGGYWYRNLRHRVGFAPAVETLATDEGFTHFIEVSAHPVLTMTLPDKVTGL
ATLRREDGGQHRLTTSLAEAWANGLALDWASLLPATGALSPAVPDLPTYAFQHRSYWISPAGPGE
APAHTASGREAVAETGLAWGPGAEDLDEEGRRSAVLAMVMRQAASVLRCDSPEEVPVDRPLREI
GFDSLTAVDFRNRVNRLTGLQLPPTVVFEHPTPVALAERISDELAERNWAVAEPSDHEQAEEEKAA
APAGARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVLAEASAFRPQFASPEACSERLDPVLLAG
GPTDRAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERDFLAVPLPGYGTGTGTGTALLPADLDT
ALDAQARAILRAAGDAPVVLLGHSGGALLAHELAFRLERAHGAPPAGIVLVDPYPPGHQEPIEVW
SRQLGEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRSSAPVLLVRASEPLGDWQEERGDWRA
HWDLPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIEGIEGAGKHHHHHH 
 
 

 
MANEEKLFGYLKKVTADLHQTRQRLLAAESRSQEPIAIVGMACRFPGGVHNPGELWEFIVGGGD
AVTEMPTDRGWDLDALFDPDPQRHGTSYSRHGAFLDGAADFDAAFFGISPREALAMDPQQRQVL
ETTWELFENAGIDPHSLRGSDTGVFLGAAYQGYGQDAVVPEDSEGYLLTGNSSAVVSGRVAYVLG
LEGPAVTVDTACSSSLVALHSACGSLRDGDCGLAVAGGVSVMAGPEVFTEFSRQGGLAVDGRCKA
FSAEADGFGFAEGVAVVLLQRLSDARRAGRQVLGVVAGSAINQDGASNGLAAPSGVAQQRVIRKA
WARAGITGADVAVVEAHGTGTRLGDPVEASALLATYGKSRGSSGPVLLGSVKSNIGHAQAAAGVA
GVIKVVLGLNRGLVPPMLCRGERSPLIEWSSGGVELAEAVSPWPPAADGVRRAGVSAFGVSGTNA
HVIIAEPPEPEPLPEPGPVGVLAAANSVPVLLSARTETALAAQARLLESAVDDSVPLTALASALATG
RAHLPRRAALLAGDHEQLRGQLRAVAEGVAAPGATTGTASAGGVVFVFPGQGAQWEGMARGLL
SVPVFAESIAECDAVLSEVAGFSASEVLEQRPDAPSLERVDVVQPVLFSVMVSLARLWGACGVSPSA
VIGHSQGEIAAAVVAGVLSLEDGVRVVALRAKALRALAGKGGMVSLAAPGERARALIAPWEDRIS
VAAVNSPSSVVVSGDPEALAELVARCEDEGVRAKTLPVDYASHSRHVEEIRETILADLDGISARRAA
IPLYSTLHGERRDGADMGPRYWYDNLRSQVRFDEAVSAAVADGHATFVEMSPHPVLTAAVQEIAA
DAVAIGSLHRDTAEEHLIAELARAHVHGVAVDWRNVFPAAPPVALPNYPFEPQRYWLAPEVSGEA
PAHTASGREAVAETGLAWGPGAEDLDEEGRRSAVLAMVMRQAASVLRCDSPEEVPVDRPLREIGF
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DSLTAVDFRNRVNRLTGLQLPPTVVFEHPTPVALAERISDELAERNWAVAEPSDHEQAEEEKAAAP
AGARSGADTGAGAGMFRALFRQAVEDDRYGEFLDVLAEASAFRPQFASPEACSERLDPVLLAGGP
TDRAEGRAVLVGCTGTAANGGPHEFLRLSTSFQEERDFLAVPLPGYGTGTGTGTALLPADLDTAL
DAQARAILRAAGDAPVVLLGHSGGALLAHELAFRLERAHGAPPAGIVLVDPYPPGHQEPIEVWSR
QLGEGLFAGELEPMSDARLLAMGRYARFLAGPRPGRSSAPVLLVRASEPLGDWQEERGDWRAH
WDLPHTVADVPGDHFTMMRDHAPAVAEAVLSWLDAIEGIEGAGKHHHHHH 
 
 

 
MSGDNGMTEEKLRRYLKRTVTELDSVTARLREVEHRAGEPIAIVGMACRLPGGVSSPEDLWRLV
ESGTDAVSGFPTDRGWDVENLYDSDPEAAGKSYCVQGGFLDTAAGFDAGFFGISPREALAMDPQQ
RLLLEVSWEAFERAGIEPGSVRGSDTGVFIGAFPVGYGAGFDREGYGATSGPSVLSGRVSYVFGLE
GPAITMDTACSSSLVALHLAAQALRNGECSMALAGGVTVMATPEVFTEFARQRGLASDGRCKAF
ADSADGAGFSEGAGLLLVERLSDARRNGHQVLAVVRGSAVNQDGASNGLTAPNGPSQQRVIRAAL
SNAGLSTADVDVVEAHGTGTTLGDPIEAQALLATYGQDREQPLLLGSLKSNIGHTQAASGVSGVIK
MVMALRHGFVPRTLHVDEPSRHVDWAAGAVELVRENQPWPGTDRPRRAGVSSFGVSGTNAHVV
LESAPPAQSSPAEEEQPVETPVVASDVLPLVISAKTQPALTEHEDRLRAYLAASPGADTRAVASTLA
VTRSVFEHRAVLLGDDAVTGTAVTDPRVVFVFPGQGWQWLGMGSALRDSSVVFAERMAECAAA
LSEFVDWDLFAVLDDPAVVDRVDVVQPASWAVMVSLAAVWQAAGVRPDAVIGHSQGEIAAACVA
GAVSLRDAARIVTLRSQAIARGLAGRGAMASVALPAHEIELVDGAWIAAHNGPASTVIAGTPEAVD
HVLTAHEARGVRVRRITVDYASHTPHVELIRDELLGITAGIGSQPPVVPWLSTVDGSWVDSPLDGE
YWYRNLREPVGFHPAVSQLQAQGDAVFVEVSASPVLLQAMDDDVVTVATLRRDDGDATRMLTAL
AQAYVHGVTVDWPAILGTTTARVLDLPTYAFQHQRYWVKSVDRAAADGHPLLGAVVELPESDGV
LLTGRVSLATHAWLADHAVWGSVLLPGTAFVELVVHAAGEVGCDVVDELVIETPLLLPQTGGVQ
LSVSVGEADESGHRVVTVFSRADNADTWTRHVSATVRVSDTTVPPSDLTAWPPAQAKPVDVAGFY
DQLTGMGYEYGPAFQGLQAAWRDGDTVFAEVALAEEQVREAARYAVHPALLDAALHACTLNAS
DAEVGVGLPFSWNGVRVHAGGSAMLRVAVTQAADGWSVRVADDIGRPVASVGSLVTRPVTADAL
GSAADDLLALTWAGIPTPQQTGLTVGRFEELVSDGDVPVPEVAVFTALPDNDDDPLEQTRKLTGQ
VLQAVQEWLGGERFSDSTLVVRTGTGLAAAGVSGLMRSAQSEHPGRFVLVESDDDALAPDQLAA
AVGLDEPRLRISDGRFEVPRLTRTHAAEPESEKVWDPDGTVLITGGSGVLAGIAARHLVAERGVR
HLLLLSRSAPDEALINQLGELGARVETAACDVSDRAALAQVLAGVSPEHPLTAVIHTAGALDDGVV
ESLTAQRLDAVLRPKADGAWNLHELTRDADLAAFVMYSSAAGVLGSAGQGNYAAANAFVDALAE
QRRAEGLPALAVAWGLWEDASGLTANLTDTDRDRIRRGGLRAISAEYGMGLFDSASRHSEPVLVA
AAMEPVRDAEVPALLRSLHRPIARRAASTGDSSVQWLAALAPEERAKALLRVVCDSAATVLGHAD
IDSIPVTAAFKDLGVDSLTAVELRNSLAKATGLRLPATLVFDYPTPTALAARLDELFAPAEPASTVD
SALAELDRIEQQLSMLTGEARARDRIATRLRALHEKWNSAAEVPTGADVLSTLDSATHDEIFEFID
NELDLSHHHHHH 
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S56 

SSFGISGTNAHVVLEEAPAVESSDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDV
DPAVAARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWA
GMGAELLDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAK
VWQHHGITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAV
LKRLSDFDGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAE
VLAGLAPQAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPV
LTMTLPETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERF
WLQSSAPAAADGHPLLGAVVELPESDGVLLTGRVSLATHAWLADHAVWGSVLLPGTAFVELVVH
AAGEVGCDVVDELVIETPLLLPQTGGVQLSVSVGEADESGHRVVTVFSRADNADTWTRHVSATVR
VSDTTVPPSDLTAWPPAQAKPVDVAGFYDQLTGMGYEYGPAFQGLQAAWRDGDTVFAEVALAEE
QVREAARYAVHPALLDAALHACTLNASDAEVGVGLPFSWNGVRVHAGGSAMLRVAVTQAADGW
SVRVADDIGRPVASVGSLVTRPVTADALGSAADDLLALTWAGIPTPQQTGLTVGRFEELVSDGDVP
VPEVAVFTALPDNDDDPLEQTRKLTGQVLQAVQEWLGGERFSDSTLVVRTGTGLAAAGVSGLMR
SAQSEHPGRFVLVESDDDALAPDQLAAAVGLDEPRLRISDGRFEVPRLTRTHAAEPESEKVWDPDG
TVLITGGSGVLAGIAARHLVAERGVRHLLLLSRSAPDEALINQLGELGARVETAACDVSDRAALAQ
VLAGVSPEHPLTAVIHTAGALDDGVVESLTAQRLDAVLRPKADGAWNLHELTRDADLAAFVMYSS
AAGVLGSAGQGNYAAANAFVDALAEQRRAEGLPALAVAWGLWEDASGLTANLTDTDRDRIRRG
GLRAISAEYGMGLFDSASRHSEPVLVAAAMEPVRDAEVPALLRSLHRPIARRAASTGDSSVQWLAA
LAPEERAKALLRVVCDSAATVLGHADIDSIPVTAAFKDLGVDSLTAVELRNSLAKATGLRLPATLV
FDYPTPTALAARLDELFAPAEPASTVDSALAELDRIEQQLSMLTGEARARDRIATRLRALHEKWNS
AAEVPTGADVLSTLDSATHDEIFEFIDNELDLSHHHHHH 
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QQRVIRRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHT
QAAAGVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAV
SSFGISGTNAHVVLEEAPAVESSDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDV
DPAVAARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWA
GMGAELLDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAK
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LKRLSDFDGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAE
VLAGLAPQAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPV
LTMTLPETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERF
WLQSSAPAAADGHPLLGAVVELPESDGVLLTGRVSLATHAWLADHAVWGSVLLPGTAFVELVVH
AAGEVGCDVVDELVIETPLLLPQTGGVQLSVSVGEADESGHRVVTVFSRADNADTWTRHVSATVR
VSDTTVPPSDLTAWPPAQAKPVDVAGFYDQLTGMGYEYGPAFQGLQAAWRDGDTVFAEVALAEE
QVREAARYAVHPALLDAALHACTLNASDAEVGVGLPFSWNGVRVHAGGSAMLRVAVTQAADGW
SVRVADDIGRPVASVGSLVTRPVTADALGSAADDLLALTWAGIPTPQQTGLTVGRFEELVSDGDVP
VPEVAVFTALPDNDDDPLEQTRKLTGQVLQAVQEWLGGERFSDSTLVVRTGTGLAAAGVSGLMR
SAQSEHPGRFVLVESDDDALAPDQLAAAVGLDEPRLRISDGRFEVPRLTRTHAAEPESEKVWDPDG
TVLITGGSGVLAGIAARHLVAERGVRHLLLLSRSAPDEALINQLGELGARVETAACDVSDRAALAQ
VLAGVSPEHPLTAVIHTAGALDDGVVESLTAQRLDAVLRPKADGAWNLHELTRDADLAAFVMYSS
AAGVLGSAGQGNYAAANAFVDALAEQRRAEGLPALAVAWGLWEDASGLTANLTDTDRDRIRRG
GLRAISAEYGMGLFDSASRHSEPVLVAAAMEPVRDAEVPALLRSLHRPIARRAAPAPGDAAVAPTG
QSSALAAITALPEPERRPALLTLVRTHAAAVLGHSSPDRVAPGRAFTELGFDSLTAVQLRNQLSTV
VGNRLPATTVFDHPTPAALAAHLHEAYLAPAEASTVDSALAELDRIEQQLSMLTGEARARDRIATR
LRALHEKWNSAAEVPTGADVLSTLDSATHDEIFEFIDNELDLSHHHHHH 
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AADGRSKAFATSADGFGPAEGAGVLLVERLSDARRNGHRILAVVRGSAVNQDGASNGLTAPHGPS
QQRVIRRALADARLAPGDVDVVEAHGTGTRLGDPIEAQALIATYGQEKSSEQPLRLGALKSNIGHT
QAAAGVAGVIKMVQAMRHGLLPKTLHVDEPSDQIDWSAGTVELLTEAVDWPEKQDGGLRRAAV
SSFGISGTNAHVVLEEAPAVESSDSPAVEPPAGGGVVPWPVSAKTPAALDAQIGQLAAYADGRTDV
DPAVAARALVDSRTAMEHRAVAVGDSREALRDALRMPEGLVRGTSSDVGRVAFVFPGQGTQWA
GMGAELLDSSPEFAASMAECETALSRYVDWSLEAVVRQEPGAPTLDRVDVVQPVTFAVMVSLAK
VWQHHGITPQAVVGHSQGEIAAAYVAGALTLDDAARVVTLRSKSIAAHLAGKGGMISLALDEAAV
LKRLSDFDGLSVAAVNGPTATVVSGDPTQIEELARTCEADGVRARIIPVDYASHSRQVEIIEKELAE
VLAGLAPQAPHVPFFSTLEGTWITEPVLDGTYWYRNLRHRVGFAPAVETLAVDGFTHFIEVSAHPV
LTMTLPETVTGLGTLRREQGGQERLVTSLAEAWANGLTIDWAPILPTATGHHPELPTYAFQTERF
WLQSSAPTSAADDWRYRVEWKPLTASGQADLSGRWIVAVGSEPEAELLGALKAAGAEVDVLEAG
ADDDREALAARLTALTTGDGFTGVVSLLDDLVPQVAWVQALGDAGIKAPLWSVTQGAVSVGRLD
TPADPDRAMLWGLGRVVALEHPERWAGLVDLPAQPDAAALAHLVTALSGATGEDQIAIRTTGLH
ARRLARAPLHGRRPTRDWQPHGTVLITGGTGALGSHAARWMAHHGAEHLLLVSRSGEQAPGAT
QLTAELTASGARVTIAACDVADPHAMRTLLDAIPAETPLTAVVHTAGAPGGDPLDVTGPEDIARIL
GAKTSGAEVLDDLLRGTPLDAFVLYSSNAGVWGSGSQGVYAAANAHLDALAARRRARGETATSV
AWGLWAGDGMGRGADDAYWQRRGIRPMSPDRALDELAKALSHDETFVAVADVDWERFAPAFT
VSRPSLLLDGVPEARQALAAPVGARAASTGDSSVQWLAALAPEERAKALLRVVCDSAATVLGHAD
IDSIPVTAAFKDLGVDSLTAVELRNSLAKATGLRLPATLVFDYPTPTALAARLDELFAPAEPASTVD
SALAELDRIEQQLSMLTGEARARDRIATRLRALHEKWNSAAEVPTGADVLSTLDSATHDEIFEFID
NELDLSHHHHHH 
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Table S4. The approximate quantity of each protein that can be obtained from the purification of 
1 liter of culture. 
 
 

Protein Approximate yield 
(mg/L of culture) Protein Approximate yield 

(mg/L of culture) Protein Approximate yield 
(mg/L of culture) 

P1P2N (NAR1) 4.2 CP2P3N (NAR1) 11.4 CP3P4N (NAR1) 13.5 

CP4P5N (NAR1) 7.2 CP5P6N (NAR1; x6) 14.1 CP6P7 (NAR1; y1) 20.3 

P1P2N (NAR2) 3.3 CP2P3N (NAR2) 12.6 CP3P4N (NAR2) 17.1 

CP4P5N (NAR2) 8.8 CP5P6N (NAR2) 15.7 CP6P7 (NAR2) 16.3 

PikAII (NAR3) 1.2 PikAII (NAR5) 0.2 P1P2N (NAR6) 0.6 

P1N (NAR8) 3 CP1P2N (NAR8) 4 CP2P3N (NAR8) 1.7 

CP3P4N (NAR8) 2.9 CP4P5N (NAR8) 1.3 CP5P6N (NAR8) 2.1 

CP6P7 (NAR8) 5.0 P1N (NAR9) 14.6 CP1P2N (NAR9) 16.2 

CP6P7_KS_C207A 
(DML1) 18.8 

CP6P7_KS_C207A 
(DML2) 17. 8 

CP6P7_KS_C207A 
and ACP_S980A 

(DML3) 
18.3 

CP6P7_ KS_C207A 
and ACP deletion 

(DML4) 
19.3 CP2P4N (ΔP31) 9.8 CP3P4N (ΔP32) 12.6 

CP2P4N (ΔP33) 8.6 CP5P7 (ΔP61) 17.5 CP5P7 (ΔP62) 19.5 

CP5P7 (ΔP63) 18.7 CP5R5N (ANH1; x2) 8.8 CR5P7 (ANH1; y2) 14.8 

CP5R5N (x1) 13.0 CP5R5N (ANH2; x3) 10.1 CP5R5N (x4) 7.8 

CP5R5N (x5) 14.7 CP5R5N (ANH3) 9.0 CP5E6N (x1) 11.4 

CP5E6N (x2) 12.6 CP5E6N (x3) 13.7 CP5E6N (x4) 15.8 

CP5E6N (x5) 14.5 CE6P7 (y2) 15.2 CE6P7 (y3) 14.3 

TEII 60 malonyl-CoA 
synthetase (MatB) 66 

glucose 
dehydrogenase 

(GDH) 
57 

methylmalonyl-CoA 
epimerase 50 VemG 0.3 VemH 13 
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Figure S1. SDS-PAGE gels of the proteins used in this study.  
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Figure S2. Calibration curve for CoA using g = 259.6 nm. 
 
 
 
 
 
 
 

 
Figure S3. TCEP has no effect on compound 3. 
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Figure S4. Products from the refactored pikromycin PKS in vivo vs. in vitro. The EICs of the 

products are overlaid. While 10-dml (2) is generated by E. coli K207-3 expressing the refactored 

pikromycin PKS, only trace is detected from in vitro reactions. The main byproducts from the in 

vitro reconstituted PKS are pentaketide 6 and triketide 7. 
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Figure S5. Production of byproducts 6 and 7 by NAR1. a) Reactions in which the final 

polypeptide(s) of NAR1 were omitted are analyzed by LC/MS. Pentaketide 6 is generated when 

the final 2 polypeptides are omitted but not when the final 3 polypeptides are omitted, indicating 

that it is formed through ACP-independent extension between methylmalonyl-CoA and the P4KS-

bound tetraketide intermediate.  
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Figure S6. Chiral column analysis of triketide lactones generated by P1–P2–P3–P4–P5–P6*–
P7, P1–P2–P4–P5–P6–P7, P1–P2–P3–P4–P5–P7, and P1–P2–P3–P4–P5–R5–P7. 
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Figure S7. Effect of thioesterase II (PikAV) on NAR1, showing increased narbonolide (1) 

production upon PikAV addition. 
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Figure S8. a) Calibration curve for venemycin. b) The time course of venemycin biosynthesis in 
vitro at 2 μM concentrations of VemG and VemH. 
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Figure S9. MatB-mediated acyl-CoAs formation in phosphate and citrate buffers. Time course of 
CoA conversion to methylmalonyl-CoA and malonyl-CoA using 5 mM coenzyme A, 10 μM MatB, 
5 mM malonate, and 30 mM methylmalonate in 400 mM phosphate buffer or 200 mM citrate 
buffer at pH 7.5. 
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Figure S10. 1H NMR spectrum of narbonolide (1) purified from EPK reaction. 
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Figure S11. 1H NMR spectrum of 10-dml (2) purified from EPK reaction. 
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Figure S12. 13C NMR spectrum of 10-dml (2) purified from EPK reaction. 
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Figure S13. 1H-13C HSQC spectrum of 10-dml (2) purified from EPK reaction. 
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Figure S14. 1H NMR spectrum of compound 3 purified from EPK reaction. 
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Figure S15. 13C NMR spectrum of compound 3 purified from EPK reaction. 
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Figure S16. 1H-13C HSQC spectrum of compound 3 purified from EPK reaction. 
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Figure S17. 1H NMR spectrum of compound 4 purified from EPK reaction. 
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Figure S18. 13C NMR spectrum of compound 4 purified from EPK reaction. 
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Figure S19. 1H-13C HSQC spectrum of compound 4 purified from EPK reaction. 
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Figure S20. ¹H–¹H COSY spectrum of compound 4 purified from the EPK reaction. 
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Figure S21. ¹H–¹³C HMBC spectrum of compound 4 purified from the EPK reaction. 
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Figure S22. 1H NMR spectrum of anhydronarbonolide (5) purified from EPK reaction. 
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Figure S23. 13C NMR spectrum of anhydronarbonolide (5) purified from EPK reaction. 
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Figure S24. 1H-13C HSQC spectrum of anhydronarbonolide (5) purified from EPK reaction. 
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Figure S25. ¹H–¹H COSY spectrum of anhydronarbonolide (5) purified from the EPK reaction. 
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Figure S26. ¹H–¹³C HMBC spectrum of anhydronarbonolide (5) purified from the EPK reaction. 
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Figure S27. 1H NMR spectrum of compound 8 purified from EPK reaction. 
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Figure S28. 13C NMR spectrum of compound 8 purified from EPK reaction. 
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Figure S29. 1H-13C HSQC spectrum of compound 8 purified from EPK reaction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

S88 

 
Figure S30. ¹H–¹H COSY spectrum of compound 8 purified from the EPK reaction. 
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Figure S31. ¹H–¹³C HMBC spectrum of compound 8 purified from the EPK reaction. 
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Figure S32. 1H NMR spectrum of compound 9 purified from EPK reaction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

S91 

 
Figure S33. 13C NMR spectrum of compound 9 purified from EPK reaction. 
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Figure S34. 1H-13C HSQC spectrum of compound 9 purified from EPK reaction. 
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Figure S35. ¹H–¹H COSY spectrum of compound 9 purified from the EPK reaction. 
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Figure S36. ¹H–¹³C HMBC spectrum of compound 9 purified from the EPK reaction. 
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Figure S37. Uncropped, raw gel image that used to create Figure 3b. 
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Figure S38. Uncropped, raw gel images used to create Figure S1. 
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