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Supplementary Figures 
 

 

Supplementary Fig. 1 | SAXS analysis of rSslE at pH 7.4. a, Experimental scattering curve of rSslE 

(black open circles). Inset: Guinier Region (orange open circles) and linear regression (black line) for 

Rg evaluation. b, Shape distribution (P(r)) function derived from SAXS analysis for rSslE. c, Kratky 

plot indicates that rSslE has dynamic features in solution. 
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Supplementary Fig. 2 | Overall dimensions of rSslE. Negative-stain TEM map of rSslE is shown in 

two orientations with overall dimension of ~8×8×11.5 nm annotated.  
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Supplementary Fig. 3 | Folding analysis of SslE subdomain constructs. a-d, Analytical size 

exclusion chromatography (SEC) of SslE NT1, NT2, NT1-NT2 and NT3-M60 constructs. a, 

Normalised chromatograms of NT1 (brown), NT2 (orange) and NT1-NT2 (green) injected onto a 

Superdex 75 column. b, Normalised chromatogram of NT3-M60 (grey) injected onto a Superdex 200 

column. c, The Ve/Vo (elution volume/column void volume) for the major peaks of NT1 (brown circle), 
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NT2 (orange triangle) and NT1-NT2 (green square) were plotted against their Log10 molecular weights 

on a standard curve created using molecular weight standards (GE Healthcare). These profiles show 

that all constructs are mainly monomeric in solution with calculated molecular weights of 21.8 kDa for 

NT1 (theoretic mass: 16.9 kDa), 20.7 kDa for NT2 (theoretic mass: 22.8 kDa) and 36.8 kDa for NT1-

NT2 (theoretic mass: 40.1 kDa), although other higher molecular weight forms are also observed. d, 

The Ve/Vo (elution volume/column void volume) for the major peak of NT3-M60 (grey diamond) was 

plotted against its Log10 molecular weight on a standard curve created using molecular weight standards 

(GE Healthcare). This again suggests that the construct is mainly monomeric in solution with a 

calculated molecular weight of 98.9 kDa (theoretic mass: 121.4 kDa), yet higher molecular weight 

forms are also observed. e, TROSY 1H-15N HSQC spectrum of 15N-labelled SslE NT1-NT2 (black) 

overlayed with 1H-15N HSQC spectra from the isolated 15N-labelled SslE NT1 (light green) and 15N-

labelled NT2 (olive green). All spectra show well dispersed peaks, indicative of folded proteins, with 

good overlap between peaks from NT1 and NT2 with the NT1-NT2 spectrum.    
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Supplementary Fig. 4 | SAXS analysis of SslE sub-domains. SAXS bead model of SslE a, N1, b, N2 

and c, N3-M60 regions at pH 8.0. c, Fit of the SAXS bead models (orange line) to the SAXS data (black 

open circles) is also shown. 
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Supplementary Fig. 5 | Comparison of 2D 1H15N-HSQC spectra of rSslE and SslE NT1-NT2. 

TROSY 1H-15N HSQC spectrum of 15N-labelled SslE NT1-NT2 (blue) overlayed with a TROSY 1H-

15N HSQC spectrum from 2H15N-labelled rSslE (black). 
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Supplementary Fig. 6 | Mass Spec analysis of purified SslE aggregates. a, Aggregates formed from 

recombinant rSslE at pH 4.4 (sample 1) and ring aggregates formed from E. coli W strain cultures at 

pH 5.0 (sample 2) were run on SDS-PAGE. Sample retained in the wells were cut from the gel (red 

box) and used for mass spec analysis. b,c, Summary of peptides identified (yellow) with the sequences 

for b, rSslE and c, mature SslE from E. coli W strain shown   
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Supplementary Fig. 7 | Secretion of SslE by E. coli W and derivatives. Immunoblot of overnight 

culture of whole cell samples and culture supernatants detected with either anti-rSslE antibody or anti-

DsbA antibody, which was used to confirm cell lysis had not occurred in supernatant samples. WT = 

wild-type; ΔsslE = sslE mutant; sslE = ΔsslE::sslE; sslEΔM60 = ΔsslE::sslEΔM60. Each blot was 

derived from the same experiment and were processed in parallel. 
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Supplementary Fig. 8 | Immuno-TEM analysis of SslE accumulation in the extracellular milieu. 

a, Wild-type E. coli W strain and b, ΔsslE mutant were washed in citrate-phosphate buffer at pH 5.0 

and then reacted with primary α-rSslE antibodies and secondary gold-labelled antibodies on carbon 

coated nickel grids and then negatively stained with uranyl acetate. Bacteria were masked (red line) and 

gold particles were counted between ~0.2 µm (purple line) and 1.0 µm (green line) from the bacterium. 

Scale bars represent 1 µm. 
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Supplementary Fig. 9 | Immuno-TEM assessment of curli production in wild-type E. coli W 

strain. Bacteria were grown overnight in LB media at pH 5.0 and in addition to analysis with α-rSslE 

antibodies, the secretion and accumulation of curli fibres was also assessed by immunoelectron 

microscopy. Bacteria were reacted with polyclonal primary α-CsgA antibodies and secondary gold-

labelled antibodies on carbon coated nickel grids and then negatively stained with uranyl acetate. Scale 

bar represents 200 nm. 
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Supplementary Fig. 10 | Mass analysis of rSslE aggregates using RT-MALS. Two species are 

present, the lager species displaying very high polydispersity. Theoretical mass of rSslE is 160.0 kDa. 

The signal from the refractive index and light scattering are shown as a yellow and black line, 

respectively (left, y axis), and the average molecular weight calculated across each peak is shown as a 

red line (right, y axis). 

 

 

 

 

 

 



 13 

 

Supplementary Fig. 11 | ssNMR analysis of rSslE aggregates. DARR ssNMR spectrum focussed on 

the a, carbonyl, b, aliphatic and c, aromatic regions. Likely amino acid type assignments are highlighted 

with red dashed lines and annotated in teal.  
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Supplementary Fig. 12 | SEC-SAXS analysis of the monomeric pre-aggregation form of rSslE at 

pH 4.4. a, Experimental scattering curve of rSslE (black open circles). Inset: Guinier Region (orange 

open circles) and linear regression (black line) for Rg evaluation. b, Shape distribution (P(r)) function 

derived from SAXS analysis for rSslE. 
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Supplementary Fig. 13 | Comparison of SEC-SAXS scattering curves from monomeric pre-

aggregated forms of rSslE at different pH values. SslE at pH 4.4 is red and at 7.4 is teal. Small 

differences are seen at q-values of approx. 0.13 Å-1. 
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Supplementary Fig. 14 | Fit of the monomeric pre-aggregation rSslE SAXS bead model at pH 4.4 

to the corresponding SEC-SAXS data. Bead model is shown as red line and SAXS data as black open 

circles, with χ2 of 1.0. 
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Supplementary Fig. 15 | PCA analysis of rSslE SAXS fibrillation. The Eigenvalues of the first ten 

principal components obtained after PCA analysis of the fibrillation SAXS dataset. 
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Supplementary Fig. 16 | Fractal fit against rSslE SAXS fibrillation data. The fractal-fit plot (black 

dashed line) fitted against the decomposed SAXS scattering profile from COSMiCS (blue circles) using 

a mass-fractal model. 
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Supplementary Fig. 17 | Analysis of E. coli W biofilm growth. a, CLSM images of wild-type E. coli 

W biofilms grown for 48 and 96 hrs and stained with the lipophilic probe FM 1-43 (green). Scale bar 

represents 20 μm. b, Quantification of 3-dimensional biofilm intensity of wild-type E. coli W biofilms 

and its derivatives carried out in ImageJ1. *P <0.05; ***P <0.001; verses W 96 hrs growth by two-tailed 

Student’s t-test and error bars are the standard error of the mean. 
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Supplementary Fig. 18 | Analysis of pH across 24 hr old E. coli W biofilms. The pH across biofilms 

grown for 24 hrs was monitored ratiometrically using C-SNARF-4 (green). pH values were calculated 

over 30 μm2 boxes and pH values for representative regions are annotated. Dotted line outlines 

boundary of the biofilm mass. Scale bar represents 20 μm. All data are representative of at least three 

independent experiments. 
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Supplementary Fig. 19 | Cellulose production in E. coli strains. Macrocolony biofilm phenotypes of 

wild-type E. coli W, BL21 (DE3), ETEC H10407, EPEC E2368/69 and K12 BW25113 strains after 96 

hrs of growth on either LB or YESCA agar containing calcofluor white (Fluorescent Brightener 28) 

stain. Macrocolonies were visualized under UV light with cellulose production indicated by colony 

fluorescence. Scale bar represents 5 mm. Previous calcofluor white analysis of E. coli W and ETEC 

H10407 macrocolonies2 had been incorrectly analyzed due to the calcofluor white reagent containing 

Evans Blue dye, which had unintentionally stained protein aggregates. 
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Supplementary Fig. 20 | 2D 1H15N-HSQC analysis of RgpB-CTD stability at pH 6.0. Spectra were 

recorded after 0, 2.5 and 5 days incubation at 37°C. Excellent dispersion and narrow line widths can be 

observed for the majority of peaks suggesting this is a well folded domain. No new peaks are observed 

following 5 days incubation showing that the protein is stable in these conditions. 
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Supplementary Fig. 21 | Dot-blot analysis of bacterial PNAG interactions with rSslE. Dot-blots of 

partially purified PNAG from wild-type E. coli W, wild-type E. coli BW25113 and E. coli BW25113 

ΔpgaC mutant strains overlayed with His6-tagged rSslE monomers, His6-tagged rSslE fibres and His6-

tagged P. gingivalis RgpB-CTD negative control, at pH 6.0 and detected with anti-His6 antibody. 

Spotted monomeric rSslE, rSslE fibres and RgpB-CTD were also used as positive controls. Each blot 

(rSslE monomer, rSslE fibres, RgpB-CTD) was derived from the same experiment and were processed 

in parallel. 
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Supplementary Fig. 22 | Binding properties of rSslE and cellulose. ELISA analysis of binding 

between cellulose discs produced by K. rhaeticus and His6-tagged rSslE monomers, His6-tagged rSslE 

fibres and His6-tagged P. gingivalis RgpB-CTD control, at pH 6.0 and detected with anti-His6 antibody. 

BSA-coated wells were used as controls. *P <0.05; verses control empty well (-) by two-tailed Student’s 

test. Error bars are the standard error of the mean. All data are representative of at least three 

independent experiments performed in triplicate. 
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Supplementary Fig. 23 | Raw immunoblot images. a, Uncropped and unprocessed immunoblot 

shown in Fig. 2c: rSslE incubated in citrate-phosphate buffer from pH 3.8 to 4.8 and detected with anti-

His6 antibody. Right hand image shows raw immuoblot, left image is overlaid with molecular weight 

marker. Lanes 1-13 correspond to pH values 3.0, 3.2, 3.4, 3.6, 3.8, 4.0, 4.2, 4.4, 4.6, 4.8, 5.0, 6.0 and 

7.0. b,c, Uncropped and unprocessed immunoblots shown in Fig. 6d: immunoblot analysis of whole 

cells detected with b, anti-rSslE antibody or c, anti-CsgA antibody. Lanes M, molecular weight 

markers; 1, E. coli W WT 37°C; 2, E. coli W WT 25°C; 3, E. coli W ΔsslE 37°C; 4, E. coli BL21 (DE3) 

WT 37°C; 5, E. coli H10407 WT 37°C; 6: E. coli H10407 ΔsslE 37°C; 7, E. coli EPEC WT 37°C; 8: 

E. coli EPEC ΔsslE 37°C; 9, E. coli EPEC WT 25°C; 10, E. coli EPEC ΔcsgA 25°C. 
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Supplementary Tables  

 

Supplementary Table 1: SslE SAXS data and refinement statistics 

 SslE N1  SslE N2 SslE     
N3-M60 

rSslE solution data COSMiCS rSslE 
fibrillation data 

SAXS data collection    pH 7.4 pH 4.4 monomer fibre 
Beamline DLS 

B21 
DLS 
B21 

DLS 
B21 

DLS 
B21 

DLS 
B21 

DLS 
B21 

DLS 
B21 

Wavelength (Å) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
q Range (Å-1) 0.003 to 

0.44 
0.003 to 
0.44 

0.003 to 
0.44 

0.003 to 
0.44 

0.003 to 
0.44 

0.003 to 
0.44 

0.003 to 
0.44 

 
Structural parameters 

       

I(0) 0.000575 
± 1.7e-05 

0.0266 ± 
2.0e-05 

0.000575 
± 1.7e-05 

0.203 ± 
1.5e-04 

0.206 ± 
1.6e-04 

- - 

Rg (nm)  
(from Guinier) 

2.01 ± 
0.05 

2.20 ± 
0.04 

3.37 ± 
0.01 

4.03 ± 
0.05 

3.92 ± 
0.05 

3.92 - 

Rg (nm)  
(from P(r)) 

2.06 ± 
0.01 

2.26 ± 
0.00 

3.39 ± 
0.00 

4.07 ± 
0.01 

3.97 ± 
0.01 

3.98 51.1 

Dmax (nm)  
(from P(r)) 

7.0  7.7 10.5 14.1 13.7 13.3 140 

DAMMIN model c2 fit 1.13 0.84 1.04 1.19 0.96 - - 
DAMMIN models 
NSD (20 models) 

0.49 0.42 0.63 0.56 0.45 - - 

EM model c2 fit - - - 113.70 - - - 
 
Molecular mass 
determination 

       

MW (kDa) 
(from sequence) 

16886 22792 121391 159986 
 

159986 
 

159986 
 

- 
 

MW (kDa) 
(from SAXS) 

17096 23283 122275 151106 158202 146800 
(Bayesian 
Estimate) 

- 

 
 
 
 

Supplementary Table 2: circular dichroism data processing. 

Secondary structure type % secondary structure Difference 

pH 4.4 pH 7.4 

α-helix 21.7 29.9 8.2 

β-sheet 17.3 12.2 5.1 

β-turns 14.2 13.1 1.1 

Random coil 46.8 44.7 2.1 

NRMSD 0.013 0.007 - 
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Supplementary Table 3: Primers, plasmids and strains used in this study  

Primer Description  Sequence (5’ to 3’) 

BD1 Recombinant expression of P. gingivalis W50 
RgpB-CTD F 

GACGACGACAAGATGGGTACATCTATTGCCGACGTAG 

BD2 Recombinant expression of P. gingivalis W50 
RpgB-CTD R 

GAGGAGAAGCCCGGTTACTTCACTATAACCTTTTCTG
TATACGTC 

PC3 Gene KO - E. coli JW5925-1 sslE downstream TTATTTCATGCCGGATGCGGCGTGAACGCCTTATCCG
GCATACAGGATTATGTAGGC 

PC4 Gene KO -E. coli JW5925-1 sslE upstream TTTCTCCCAGTTACGAATTTTTTAACATTTTGTCAGTT
GCGTTATTAATTCCGGGGA 

PC5 sslE complementing plasmid F CCGGGCTAGCTATCAATGATGTCGTTTTCTTAAGAAT
GGA 

PC6 Full sslE complementing plasmid R CCGGAAGCTTTTACTCGACAGACATCTTATGCTCGGT
AACCT 

PC7 sslEΔM60 complementing plasmid R CCGGAAGCTTTTACGGGTTCATCATGCCCGCTTTGCTG 

   

Plasmid Description Reference 

pPC1 pOPINE expression of E. coli W SslE (full) residues 67-1497 3 

pPC2 pET28b expression of E. coli SslE (NT1) residues 67-211 This study 

pPC3 pET28b expression of E. coli SslE (NT2) residues 230-425 This study 

pPC4 pET28b expression of E. coli SslE (NT1-NT2) residues 67-425 This study 

pPC5 pET28b expression of E. coli SslE (NT3-M60) residues 426-1497 This study 

pBD1 pET46 Ek/LIC expression of P. gingivalis W50 RpgB (CTD) residues 662-736 This study 

pOPINE Expression vector 4 

pET28b Expression vector Novagen 

pET46 Ek/LIC Expression vector Novagen 

pKD46 Red recombinase expression 5 

pBAD18-Cm Complementation plasmid 6 

pCPC1 Full sslE complementing plasmid This study 

pCPC2 sslEΔM60 complementing plasmid This study 

   

E. coli strain Serogroup/ genotype Reference 

DH5a F- Φ80lacZΔM15 Δ(lacZYA-argF) U169 recA1 endA1 hsdR17(rk-, mk+) phoA supE44 
thi-1 gyrA96 relA1 λ- 

Invitrogen 

BL21 (DE3) fhuA2 [lon] ompT gal (λ DE3) [dcm] ∆hsdS 
λ DE3 = λ sBamHIo ∆EcoRI-B int::(lacI::PlacUV5::T7 gene1) i21 ∆nin5 

 

Shuffle T7 fhuA2 lacZ::T7 gene1 [lon] ompT ahpC gal λatt::pNEB3-r1-cDsbC (SpecR, lacIq) 
ΔtrxB sulA11 R(mcr-73::miniTn10--TetS)2 [dcm] R(zgb-210::Tn10 --TetS) endA1 Δgor 
∆(mcrC-mrr)114::IS10  

NEB 

BW25113 F-, Δ(araD-araB)567, ΔlacZ4787(::rrnB-3), λ-, rph-1, Δ(rhaD-rhaB)568, hsdR514 7 

JW5925-1 sslE gene disrupted with a kanR cassette in BW25113 7 

JW1007-1 pgaC gene disrupted with a kanR cassette in BW25113 7 

JW2039-1 wcaF gene disrupted with a kanR cassette in BW25113 7 

W Serotype (O6:K-:H49) CA+ 8 
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(ATCC 35401)  

W ΔsslE sslE gene disrupted with a kanR cassette This study 

H10407  

(ATCC 35401) 

Serotype O78:H11 9 

H10407 ΔsslE sslE gene disrupted with a kanR cassette This study 

E2348/69 Serotype O127:H6 10, 11 

E2348/69 ΔcsgA csgA gene disrupted with a kanR cassette 11 

E2348/69 
ΔcsgA/ΔbcsA 

csgA gene disrupted with a kanR cassette; bcsA gene disrupted with a chloroR cassette 11 

E2348/69 ΔsslE sslE gene deletion 12 

 

 

Supplementary Table 4: Synthetic genes 

Gene Description  Sequence (5’ to 3’) 

gPC2 E. coli SslE  
(NT1) 
 residues 67-211 

CCATGGTCAAAACCGGTTATCTGACCTTAGGTGGTAGCCTGCGTGTTACCGGTGATATT
ACCTGTAATGATGAAAGCTCAGATGGCTTTACCTTTACACCGGGTGATAAAGTTACCTG
TGTTGCAGGTAATAATACCACCATTGCAACCTTTGATACCCAGAGCGAAGCAGCACGTA
GTCTGCGTGCAGTTGAAAAAGTTAGCTTTAGCCTGGAAGATGCACAAGAACTGGCAGGT
AGCGATAACAAAAAAAGCAATGCACTGAGCCTGGTTACCAGCATGAATAGCTGTCCGGC
AAATACCGAACAGGTTTGTCTGGAATTTAGCAGCGTTATTGAAAGCAAACGTTTCGATA
GCCTGTATAAGCAGATTGATCTGGCACCGGAAGAATTCAAAAAACTGGTTAATGAAGAA
GTGGAAAACAACGCAGCAACCGATAAAGCACTCGAG 

gPC3 E. coli SslE  
(NT2)  
residues 230-425 

CCATGGTCGATCTGAATGCAAGCTTTGTTAGCGCAAATGCCGAACAGTTTTATCAGTAT
CAGCCGACCGAAATTATTCTGAGCGAAGGTCGTCTGGTTGATAGCCAAGGTGATGGTGT
TGTTGGTGTTAACTATTACACCAATAGCGGTCGTGGTGTTACCGGTGAAAATGGTGAAT
TTAGCTTTAGCTGGGGTGAAACCATTAGCTTTGGTATTGATACCTTTGAACTGGGTAGC
GTGCGTGGTAATAAAAGCACCATTGCACTGACCGAACTGGGTGATGAAGTTCGTGGTGC
AAATATTGATCAACTGATCCACCGTTATAGCAAAGCAGGTCAGAATCATACCCGTGTTG
TTCCGGATGAAGTGCGTAAAGTTTTTGCAGAATATCCGAACGTGATCAACGAAATTATC
AATCTGAGCCTGTCAAATGGTGCAACCTTAGGTGAAGGTGAACAGGTTGTTAATCTGCC
GAACGAATTCATCGAACAGTTCAAAACCGGTCAGGCCAAAGAAATTGATACCGCAATTT
GTGCAAAAACCGATGGTTGTAATGAAGCACGTTGGTTTAGCCTGACCACACGTAATGTT
AATGATCTCGAG 

gPC4 E. coli SslE  
(NT1-NT2) 
residues 67-425 

CCATGGTCAAAACCGGTTATCTGACCTTAGGTGGTAGCCTGCGTGTTACCGGTGATATT
ACCTGTAATGATGAAAGCTCAGATGGCTTTACCTTTACACCGGGTGATAAAGTTACCTG
TGTTGCAGGTAATAATACCACCATTGCAACCTTTGATACCCAGAGCGAAGCAGCACGTA
GTCTGCGTGCAGTTGAAAAAGTTAGCTTTAGCCTGGAAGATGCACAAGAACTGGCAGGT
AGCGATAACAAAAAAAGCAATGCACTGAGCCTGGTTACCAGCATGAATAGCTGTCCGGC
AAATACCGAACAGGTTTGTCTGGAATTTAGCAGCGTTATTGAAAGCAAACGTTTCGATA
GCCTGTATAAGCAGATTGATCTGGCACCGGAAGAATTCAAAAAACTGGTTAATGAAGAA
GTGGAAAACAACGCAGCAACCGATAAAGCACCGAGCACACATACCAGTCCGGTTGTTCC
GGCAACCACACCGGGTACAAAACCGGATCTGAATGCAAGCTTTGTTAGCGCAAATGCGG
AACAGTTTTATCAGTATCAGCCGACCGAAATTATTCTGAGCGAAGGTCGTCTGGTTGAT
AGCCAAGGTGATGGTGTTGTTGGTGTTAACTATTACACCAATAGCGGTCGTGGTGTGAC
CGGTGAAAATGGTGAATTTAGCTTTTCATGGGGTGAAACCATTAGCTTTGGCATCGATA
CCTTTGAACTGGGTAGCGTTCGTGGTAATAAAAGTACCATTGCACTGACCGAACTGGGT
GATGAAGTTCGTGGTGCAAATATTGATCAACTGATCCACCGTTATAGCAAAGCAGGTCA
GAATCATACCCGTGTTGTGCCGGATGAAGTGCGTAAAGTTTTTGCAGAATATCCGAACG
TGATCAACGAAATTATCAATCTGAGCCTGAGCAATGGTGCAACCTTAGGCGAAGGTGAA
CAGGTTGTTAATCTGCCGAATGAATTCATCGAACAGTTTAAAACCGGTCAGGCCAAAGA
AATTGATACCGCAATTTGTGCAAAAACCGATGGTTGTAATGAAGCACGTTGGTTTAGCC
TGACCACACGTAATGTTAATGATCTCGAG 
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gPC5 E. coli SslE  
(NT3-M60)  
residues 426-1497 

CCATGGTCGGTCAGATTCAGGGTGTTATTAACAAACTGTGGGGTGTCGATACCAACTAT
AAAAGCGTTAGCAAATTTCACGTGTTCCACGATAGCACCAACTTTTATGGTAGCACCGG
TAATGCACGTGGTCAGGCAGTTGTGAATATTAGCAATGCAGCATTTCCGATTCTGATGG
CACGTAACGATAAAAACTATTGGCTGGCCTTTGGTGAAAAACGTGCATGGGATAAAAAT
GAGCTGGCCTATATTACCGAAGCACCGAGCATTGTTCGTCCGGAAAATGTTACCCGTGA
AACCGCAACCTTTAATCTGCCGTTTATTAGCCTGGGTCAAGTTGGTGATGGTAAACTGA
TGGTTATTGGTAACCCGCATTATAACAGCATTCTGCGTTGTCCGAATGGTTATAGCTGG
AATGGTGGTGTTAATAAAGATGGTCAGTGTACCCTGAATAGCGATCCGGATGATATGAA
AAACTTCATGGAAAATGTGCTGCGCTATCTGAGCAATGATCGTTGGCTGCCGGATGCAA
AAAGCAGCATGACCGTTGGCACCAATCTGGATACCGTTTATTTCAAAAAACATGGTCAG
GTGCTGGGTAATAGCGCACCGTTTGCATTTCATAAAGATTTTACCGGCATTACCGTTAA
ACCGATGACCAGCTATGGTAATCTGAACCCGGATGAAGTTCCGCTGCTGATTCTGAATG
GTTTTGAATATGTTACCCAGTGGGGTAGTGATCCGTATAGCATTCCGCTGCGTGCAGAT
ACCAGCAAACCGAAACTGACCCAGCAGGATGTTACCGATCTGATTGCATATATGAATAA
AGGTGGTAGCGTGCTGATTATGGAAAACGTTATGAGCAACCTGAAAGAAGAAAGCGCAA
GCGGTTTTGTTCGTCTGCTGGATGCAGCAGGTCTGAGCATGGCACTGAATAAAAGTGTG
GTTAATAATGATCCGCAGGGTTATCCTGATCGTGTTCGTCAGCGTCGTAGCACCCCGAT
TTGGGTTTATGAACGTTATCCGGCAGTTGATGGCAAACCGCCTTATACCATTGATGATA
CCACCAAAGAAGTGATCTGGAAGTATCAGCAAGAAAACAAACCTGATGATAAGCCGAAA
CTGGAAGTTGCAAGCTGGCAAGAAGAAGTTGAAGGTAAACAGGTGACCCAGTTTGCCTT
TATTGATGAAGCAGATCATAAAACACCGGAAAGCCTGGCAGCAGCAAAACAGCGTATTC
TGGATGCATTTCCTGGTCTGGAAGTTTGTAAAGATAGCGATTATCACTATGAGGTGAAC
TGCCTGGAATATCGTCCTGGCACCGGTGTTCCGGTTACCGGTGGTATGTATGTTCCGCA
GTATACCCAGCTGGATCTGGGTGCCGATACCGCAAAAGCAATGCTGCAGGCAGCAGATC
TGGGCACCAATATTCAGCGTCTGTATCAGCATGAACTGTATTTTCGTACCAATGGTCGT
CAGGGTGAACGTCTGAATAGTGTGGATCTGGAACGCCTGTATCAGAATATGAGCGTTTG
GCTGTGGAACGAAACCAAATATCGTTATGAAGAGGGCAAAGAAGATGAGCTGGGCTTTA
AAACCTTTACCGAATTTCTGAACTGCTACACCAATAATGCATATGTTGGCACCCAGTGT
AGCGCAGAACTGAAAAAAAGTCTGATCGACAACAAAATGATCTACGGTGAGGAAAGCAG
CAAAGCCGGTATGATGAATCCGAGCTATCCGCTGAATTATATGGAAAAACCGCTGACAC
GTCTGATGCTGGGTCGTAGTTGGTGGGATCTGAACATTAAAGTTGACGTGGAAAAATAT
CCGGGTGCAGTTAGCGAAGAAGGTCAGAACGTTACCGAAACCATTAGCCTGTATAGCAA
TCCGACCAAATGGTTTGCAGGTAATATGCAGAGCACCGGTCTGTGGGCACCAGCACAGA
AAGAAGTTACCATTAAAAGTAATGCCAATGTGCCGGTGACCGTTACCGTTGCACTGGCA
GATGATCTGACCGGTCGTGAAAAACATGAAGTTGCACTGAATCGTCCGCCTCGTGTTAC
CAAAACCTATTCATTAGATGCAAGCGGCACCGTGAAATTCAAAGTTCCGTATGGTGGTC
TGATCTATATCAAAGGTGATAGCAAAGATAATGAGAGCGCCAGCTTTACCTTTACAGGT
GTTGTTAAAGCACCGTTCTATAAAGACGGTGCCTGGAAAAACGATCTGAATTCTCCGGC
ACCGCTGGGTGAACTGGAAAGTGATGCATTTGTTTATACCGCACCGAAAAAGAATCTGA
ACGCAAGCAATTATACCGGTGGCCTGAAACAGTTTGCAAATGATCTGGACACCTTTGCC
AGCTCCATGAATGATTTTTATGGTCGCAATGAAGAGGACGGCAAACATCGTATGTTTAC
CTATAAAAACCTGACGGGTCATAAACACCGTTTTGCCAATGATGTGCAGATTAGCATTG
GTGATGCACATAGCGGTTATCCGGTTATGAATAGCAGCTTTAGCACCAATAGCACCACA
CTGCCGACCACACCGCTGAACGATTGGCTGATTTGGCATGAAGTGGGTCATAATGCAGC
AGAAACTCCGCTGACCGTTCCGGGTGCCACCGAAGTTGCCAATAATGTTCTGGCACTGT
ATATGCAGGATCGTTATCTGGGTAAAATGAATCGTGTTGCCGATGATATTACCGTGGCA
CCGGAATATCTGGAAGAAAGCAATGGTCAGGCCTGGGCACGTGGTGGTGCGGGTGATCG
CCTGCTGATGTATGCACAGCTGAAAGAATGGGCAGAAAAAAACTTCGACATCAAAAAGT
GGTATCCGGAAGGCGAACTGCCGAAATTTTTCAGCGATCGTGAAGGTATGAAAGGCTGG
AACCTGTTTCAACTGATGCATCGTAAAGCCCGTGGTGATGATGTTGGTGATAAAACATT
TGGTGGCAAAAACTACTGTGCCGAAAGTAATGGTAATGCAGCTGATACCCTGATGCTGT
GTGCGAGCTGGGTTGCACAGACCGATCTGTCAGAATTCTTCAAAAAATGGAATCCTGGT
GCCAATGCATATCAGTTACCGGGTGCAAGCGAAATGAGCTTTGAAGGTGGTGTGAGCCA
GAGCGCATATAATACCCTGGCAAGCCTGAAACTGCCTAAACCTGAACAGGGTCCTGAAA
CAATCAACAAAGTTACCGAACATAAGATGAGCGTGGAACTCGAG 

*Restriction sites are underlined 
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