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1. Introduction 

Modern polymers have a wide range of surface energies, from polar materials such 
as polycarbonate, to highly nonpolar substrates such as polystyrene and 
polypropylene. The inert characteristics of many polymers makes adhesion or 
bonding to the substrates a longstanding limitation. This challenge is particularly 
pronounced in hydrophobic polymers, which require extensive pretreatment, 
priming, solvent plasticization, or high temperatures to adhere. While adhesion of 
more polar polymers is typically easier to achieve, these polymers are susceptible 
to water infiltration, which can lessen the strength of the adhesive contact in humid 
environments. New strategies to enable good adhesive bonding would allow for 
facile repair in the field and the creation of new types of composites for applications 
such as improved capacitors. 

The large diversity of peptides in both sequence and functional groups makes them 
potentially useful to search for strong interactions with polymer substrates. 
Furthermore, the insights provided by peptide binding may eventually allow the 
design of more-effective synthetic adhesives. Screening the chemical 
compositional space afforded by peptides and the natural amino acids would be 
nearly impossible if undertaken in a serial fashion. Recently, the US Army Combat 
Capabilities Development Command Army Research Laboratory developed a 
peptide surface-display and high-throughput library screening system to find 
candidate peptides capable of adhering to polylactic acid1 and gold nanoparticles.2 
The on-cell peptide screening has the advantages of easy recoverability, the ability 
to propagate and sequence the genetic code of the adhesive peptides, and possible 
further improvements of the peptides by directed evolution.  

Aside from the display of peptide libraries, we were interested in exploring the 
possible adhesive properties of a class of fungal proteins known as hydrophobins, 
which are proteins produced by filamentous fungi such as Trichoderma reesei, 
Schizophyllum commune, and Neurospora crassa, among others. Hydrophobins are 
empirically classified into two groups based on their solubility. Class I 
hydrophobins are predicted to form aggregates that are soluble only in strong 
organic acids and have been seen to form self-assembled, insoluble rodlets with 
high β-sheet content similar to amyloid fibrils. Class II hydrophobins can be 
dissolved in aqueous-organic mixtures, dissociate more easily from surfaces, and 
appear to be globular and amphiphilic in nature.3,4 Structurally, all hydrophobins 
are characterized by four disulfide bonds, though the other residues present are 
highly variable. Both classes form a four-stranded β-barrel core, but class I 
hydrophobins have a large disordered region, which the class II hydrophobins lack.5  
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Hydrophobins serve a wide range of functions, such as enabling the fungal hyphae 
to breach the air–water interface to release spores. Specific hydrophobins also 
facilitate fungal adhesion to hydrophobic surfaces, assist the penetration of hosts 
by certain pathogenic fungi, serve as a protective layer to prevent desiccation of 
spores and conidia, and are used as weapons against biological competitors.6 These 
properties have made hydrophobins materials of interest to the adhesives 
community. Some hydrophobins have been explored as adhesives for paper 
products,7 or as industrial surfactants6 or immobilizing proteins and cells to 
hydrophobic surfaces.5 Linder and coworkers demonstrated that the hydrophobin 
HfbI could be fused to endogluconase enzyme and used to adhere this enzyme to 
hydrophobic surfaces such as Teflon and silanized glass. In contrast, HfbII was able 
to adhere to such surfaces by itself, but not when employed as a fusion partner.8 
Recently, Sorrentino and coworkers demonstrated that a chimeric fusion protein 
consisting of the human antimicrobial peptide LL37 and the hydrophobin Vmh2 
could adhere to a polystyrene surface, inhibit the formation of Staphylococcus 
epidermis biofilms, and have biocidal activity against an array of bacteria.9 A 
similar effect was observed by Artini and coworkers, who were able to use Vmh2 
to self-assemble monolayers on medically relevant materials and demonstrate that 
biofilm formation was inhibited by the layers of hydrophobin.10 

In the present work, we demonstrate the display of a peptide library and a group of 
hydrophobins on the surface of Escherichia coli. The display uses the 
autotransporter display system derived from the EhaA adhesin protein of E. 
coli.11,12 The advantages of a surface-display method as an initial screen, as opposed 
to testing lyophilized hydrophobin protein directly, are the surface-displayed 
hydrophobins can be more easily modified or mutated and this is a cheaper method 
of screening a large number of candidates. Further, purified protein is expensive 
and there is no guarantee that a given protein can be made in its functional form.  

We further demonstrate this display and screening approach potentially lead to the 
adhesion of certain peptides to polymers of interest such as acrylic, polycarbonate, 
polystyrene, and polypropylene, and the surface display of hydrophobins Vmh2, 
DEW, Sc3, and NC2 appear to promote bacterial adhesion to acrylic, polystyrene, 
polyester, and high-density polyethylene (HDPE). We have therefore potentially 
identified positive noncovalent interactions for polymers of military interest, which 
should be further explored.  
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2. Materials and Methods 

2.1 Materials 

All gene blocks (Gblocks), primers, and deoxyribonucleic acid (DNA) duplexes 
were purchased from Integrated DNA Technologies (IDT; Coralville, Iowa). 
Restriction enzymes and DNA ligase were obtained from ThermoFisher Scientific 
(Waltham, Massachusetts) and New England Biolabs (NEB; Ipswich, 
Massachusetts). Lysogeny broth (LB) medium was purchased in powdered form 
from Fisher Scientific (Pittsburgh, Pennsylvania), dissolved in deionized (DI) 
water, and autoclaved according to manufacturer’s instructions. LB agar, for use in 
plates, consisted of LB medium, supplemented with 2% bacteriological agar 
(SigmaAldrich, Milwaukee, Wisconsin). Molecular-biology-grade water and 
glycerol were purchased from Invitrogen (Waltham, Massachusetts).  

Glycerol-yeast-tryptone (GYT) medium was made by mixing 100 mL of glycerol, 
1.25 g of yeast extract, and 2.50 g of tryptone per liter of molecular-biology-grade 
water, which was then sterilized by autoclaving for 15 min at 121 °C. Super-optimal 
broth with catabolite repression (SOC) medium was made by first dissolving 20 g 
of tryptone, 5 g of yeast extract, and 0.584 g of sodium chloride (NaCl) per liter of 
distilled water, which was then autoclaved. Then 1M solutions of magnesium 
chloride (MgCl2) and magnesium sulfate (MgSO4) were made up and autoclaved 
separately. MgCl2 and MgSO4 were then added to the mixture of tryptone, yeast 
extract, and NaCl at a ratio of 100:1, such that the final concentrations of MgCl2 
and MgSO4 in SOC were 10 mM.  

2.2 Cloning Strategy, Library 

An NNK site-saturation library duplex encoding 15 amino-acid-long peptides was 
purchased from IDT, with the library flanked by BsaI sites (i.e., BsaI site-(NNK)15-
BsaI site, where N = any DNA base and K = guanine or thymine). The NNK library 
codes for all 20 amino acids, yet each position has a roughly 3% chance of 
containing a stop codon, meaning that roughly 40% of all 15 amino-acid-long 
libraries will contain at least one stop codon. These stop codons result in a nonsense 
sequence, meaning that the effective size of the library is reduced by 40%. To 
reduce the frequency of these stop codons, the library is initially cloned into the 
plasmid pFES.2AB, which consists of an ampicillin-resistance cassette in a split 
intein system under a rhamnose-inducible promoter. If a stop codon is present 
between the BsaI sites in this plasmid, this should prevent full translation of the 
ampicillin-resistance cassette. Consequently, a plasmid that contains a stop codon 
will not confer ampicillin resistance and be removed by selection. To propagate 
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pFES.2AB2AB, kanamycin selection can be used, as this plasmid contains a 
constitutively expressed kanamycin-resistance cassette.  

The duplex DNA could not be made long enough to contain both the BsaI 
restriction sites and the AarI restriction sites necessary for the two steps of inserting 
the library first into pFES.2AB and then inserting the library into a surface-display 
construct. For this reason, a polymerase chain reaction (PCR) was conducted using 
the duplex MTK-G003 and the primers pLibAmpF and pLibAmpR to add the BsaI 
sites. PCRs were conducted with an AccuPrime Pfx DNA polymerase mix kit 
(Invitrogen; Waltham, Massachusetts), according to manufacturer’s instructions, 
starting with 50 ng of duplex DNA. Thermal cycling was conducted on a Bio-Rad 
T100 instrument, with the cycles arranged thusly: 2 min at 95 °C, followed by 35 
cycles of 15 s at 95 °C, then 30 s at 50 °C, and then 30 s at 68 °C. After the 35 
cycles were concluded, a final extension step was conducted for 5 min at 68 °C and 
then the sample was held at 4 °C. The resulting PCR is cleaned up using a Qiagen 
(Hilden, Germany) clean-and-concentrator kit following the manufacturer’s 
instructions. This constituted the “NNK library”. 

Next, 300 ng of the NNK library was mixed with 150 ng of plasmid pFES.2AB in 
a PCR tube, along with 0.25 µL of BsaI, 0.25 µL of T7 DNA ligase, 1 µL of 10-
mM adenosine triphosphate (ATP), 1 µL of enzyme Buffer G, and molecular-
biology-grade water up to a volume of 10 µL (all from Invitrogen). This mixture is 
duplicated in eight different PCR tubes, which are assembled simultaneously in a 
Bio-Rad T100 PCR block (Bio-Rad Laboratories; Hercules, California) with the 
following heating cycles: 1 min at 37 °C and then 1 min at 16 °C, for 35 cycles. 
There was a final incubation at 37 °C for 1 h, followed by a denaturation step of  
15 min at 85 °C, after which the temperature was lowered to 4 °C. After assembly, 
the library was cleaned up and concentrated using a Qiagen clean-and-concentrator 
kit following the manufacturer’s instructions. In brief, in each 10-µL tube, 30 µL 
of DNA binding buffer was added. All eight fractions were then combined into a 
single tube and centrifuged through a clean-and-concentrator column at 16000 g’s 
for 30 s. The column is then washed with 750 µL of wash buffer by spinning at 
16000 g’s for 30 s. The tube is then spun once, empty, at 16000 g’s to remove any 
residual wash buffer, and the DNA is removed from the column by elution in 8 µL 
of molecular-biology-grade water. The concentration of DNA is then measured 
using a DeNovix DS-11+ spectrophotometer (DeNovix; Wilmington, Delaware) 
and kept on ice for transformation in electrically competent E. coli cells.  

Electrically competent E. coli of strain DH10B was made in-house by the following 
method. Cells were grown overnight at 37 °C in LB medium. This overnight culture 
was used to inoculate 100 mL of 2xYT medium in a 250-mL baffled Erlenmeyer 
flask. The cells were allowed to grow to an optical density (OD) at 600 nm (OD600) 



 

5 

of 0.5. The cells were then placed on ice for 10 min and then centrifuged for 6 min 
at 5000 g’s. The cell pellets were then resuspended in 100 mL of sterile 10% 
molecular-biology-grade glycerol in molecular-biology-grade water and 
centrifuged again. This wash process was repeated with 50 and 25 mL of 10% 
glycerol. Finally, the cells were resuspended in 2 mL of sterile GYT medium in 
molecular-biology-grade water. DNA was transformed into these cells immediately 
(vide infra).  

Transformation of the library into DH10B cells was by electroporation in a Bio-
Rad Micropulser electroporator. Approximately 1 µg of assembled DNA was added 
to 200 µL of cell suspension kept on ice. The 200 µL of cells were then placed in 
an electroporation cuvette (Bio-Rad) with a 0.2-cm gap. The cells were then 
shocked with a 2.5-kV pulse and the time constant was noted. After the pulse, 1 mL 
of sterile, warmed SOC medium supplemented with 0.04% L-rhamnose 
(SigmaAldrich) was immediately added to the cuvette and the cells were transferred 
to a sterile culture tube. The cells were allowed to incubate at 30 °C for 3 h, and 
then plated on a series of LB-agar plates supplemented with 50 mg/L of ampicillin 
and 0.04% L-rhamnose. An aliquot of the culture was also diluted 100- and 1000-
fold, to be plated on separate agar plates, to determine approximately how many 
clones were obtained. Simultaneously, 10 pg of pUC19 plasmid (Invitrogen) was 
transformed into a separate aliquot of cells to test for electrical competence of the 
cells. The plates were incubated for 2 days at 30 °C, and colony counts were 
conducted on the 100- and 1000-fold diluted plates. Based on colony counts, the 
estimated size of the library was between 105 and 106 members. The 
transformations of pUC19 resulted in an observed transformation efficiency of 
approximately 109 colonies per microgram of DNA.    

The plates were then scraped into 50 mL of LB medium supplemented with  
50 mg/L of ampicillin. The cells were allowed to grow overnight at 30 °C and then 
miniprepped using a Qiagen miniprep kit according to manufacturer’s instructions. 
The resulting plasmid prep was held at ‒20 °C until the library was to be removed 
from the plasmid and inserted into a surface-display construct. The resulting 
plasmid is known as pFES-Library.  

2.3 Cloning Strategy, Surface-Display System 

The autotransporter system was cloned using a modification of the Modular 
Cloning (MoClo) toolkit developed by Lee and coworkers (this cloning strategy is 
more thoroughly explained in the Appendix).13 The cloning strategy is illustrated 
in Fig. 1 and takes place in three steps. In brief, using the terminology of the MoClo 
strategy, the autotransporter surface display system is designed to enter into the 
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pYTK001 entry vector as a Type 3 part, with a slight modification to allow the 
insertion of the green fluorescent protein (GFP) dropout at the same time. Block 3, 
the promoter region, is designed as a Type 2 part, and Block 4, the terminator, is 
designed as a Type 4 part. All of these parts are placed in a Type 234 dropout 
plasmid, which is used for final insertion of the peptides or proteins of interest 
(Block 5), which can then be expressed.   

More expansively, this strategy relies on cloning using the restriction enzymes 
BsmBI and BsaI, which are Type IIS enzymes. This means that the sticky end 
resulting from a BsmBI or BsaI digest is variable, and by judicious selection of 
sticky ends, it is possible to assemble a number of pieces of DNA in a desired order, 
a technique known as Golden Gate Assembly.  

Referring to Fig. 1, Block 1 is obtained by PCR off of the pYTK001 plasmid, using 
primers MTK-p001F and MTK-p001R. This PCR adds the BsmBI and AarI 
restriction sites as noted on the diagram. Block 1 is intended to provide a GFP 
dropout construct to confirm eventual successful insertion of the library or 
hydrophobin construct. Block 2 is ordered from IDT with restriction sites already 
in place, as shown. PCRs were conducted with an AccuPrime Pfx DNA polymerase 
mix kit (Invitrogen), according to manufacturer’s instructions. Block 3 is obtained 
by PCR from pDSJR, using primers araC-for and araC-rev. Block 4 is ordered as 
duplex DNA from IDT. Thermal cycling was conducted on a Bio-Rad T100 
instrument, with the cycles arranged thusly: 2 min at 95 °C, followed by 35 cycles 
of 15 s at 95 °C, then 30 s at 50 °C, and then 30 s per kilobase at 68 °C. After the 
35 cycles are concluded, a final extension step is conducted for 5 min at 68 °C and 
then the sample is held at 4 °C. The resulting PCR is cleaned up using a Qiagen 
clean-and-concentrator kit following the manufacturer’s instructions.  
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Fig. 1 Library and hydrophobin assembly strategy
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Once all of the blocks are obtained, they are assembled in three steps. In the first 
assembly step, 150 ng each of blocks 1 and 2 are mixed with 100 ng of plasmid 
pYTK001 in a PCR tube, along with 0.25 µL of BsmBI, 0.25 µL of T7 DNA ligase, 
1 µL of 10-mM ATP, 1 µL of enzyme buffer Tango, and molecular-biology-grade 
water up to a volume of 10 µL (all enzymes were obtained from Invitrogen). The 
tube was then thermally cycled for 1 min at 37 °C and 1 min at 16 °C, for 35 cycles. 
There was a final incubation at 37 °C for 30 min, followed by a denaturation step 
of 15 min at 85 °C, after which the temperature was lowered to 4 °C. Next, 1 µL of 
the assembly mix was transferred directly into 100 µL of electrocompetent cells, 
and electroporated in a 0.2-cm gap cuvette with a voltage of 2.5 kV. The cells are 
then immediately transferred into plain SOC medium, placed in a culture tube and 
allowed to recover for 1 h at 37 °C and 250 rpm. Then, 50 µL of cells are spotted 
and plated out onto LB-agar plates supplemented with 30-mg/L chloramphenicol. 
Next, 15‒20 colonies were then selected by hand and allowed to grow overnight in 
LB medium supplemented with 30 mg/L of chloramphenicol. The overnight 
cultures were then miniprepped using a Qiagen miniprep kit according to the 
manufacturer’s instructions. The miniprepped plasmids are sequence-verified using 
sequencing primers YTK-for, YTK-rev, and InsertSeqFor (see supporting 
information) by GENEWIZ (South Plainfield, New Jersey) and successful clones 
were separated for further use. This cloning intermediate is referred to as 
Intermediate 1. 

Shown in Fig 1 are the steps for assembling the autotransporter constructs. 
Restriction sites are indicated with vertical lines and title. As BsmBI, BsaI, and 
AarI are Type IIS restriction enzymes, the sticky ends can be different at different 
recognition sites. Therefore, this figure also shows which sticky end is present at 
which site. In the first assembly step, Block 1 and Block 2 are assembled as inserts, 
with pYTK001 serving as the receiving vector. As the BsmBI recognition sites in 
pYTK001 are TCGG and GACC, the result of this assembly is Intermediate 1, 
carried on the pYTK001 backbone. In the second assembly step, Intermediate 1 is 
removed by PCR, then assembled with Block 3 and Block 4. Intermediate 1,  
Block 3, and Block 4 are the inserts, and pYTK001-234 UTK mRFP DO is the 
plasmid vector for assembly. The vector contains a constitutively expressing red 
fluorescent protein (RFP), so successful assembly is denoted by a loss of red 
fluorescence and a gain of green fluorescence. The assembly is done with a BsaI 
digest, and the pTYK 001-234 UTK mRFP DO plasmid has BsaI recognition sites 
of AACG and GCTG, leading to assembly of pAT-GFPdrop Intermediate 2 as 
shown. 

Finally, to insert the peptide library or hydrophobin of interest, a digest of 
Intermediate 2 is done using AarI, with the recognition sites noted. This replaces 
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GFP with the library or hydrophobin, leading to the final constructs seen in  
Fig. 2A. 

In Fig 2, Intermediate 1 is removed by PCR from its plasmid backbone by use of 
the primers InsertSeq-for and YTKseq-rev. In the second assembly step, this PCR 
product is then assembled with Block 3 (which was obtained by PCR from the 
plasmid pDSJR and contains the araBAD promoter) and Block 4 (ordered directly 
from IDT containing the rrnB_T1 terminator) using a BsaI digest, as described in 
the previous step. Intermediate 1, Block 3, and Block 4 are the inserts, and the 
vector used is the plasmid pYTK 001-234 UTK mRFP DO, which contains a 
constitutively expressing mRFP, which drops out upon successful insertion. The 
result of this second assembly is Intermediate 2, also called pAT-GFPdrop.   

To transfer the library from pFES2-library, which enables it to be inserted into 
pAT-GFPdrop in the third and final assembly step, PCR was conducted using the 
primers LibOut-For and LibOut-rev. These primers are designed to add AarI 
restriction sites with appropriate sticky ends. Thermal cycling for the PCR was 
conducted with 2 min at 95 °C, followed by 35 cycles of 15 s at 95 °C, then 30 s at 
50 °C, and then 30 s at 68 °C. After the 35 cycles are concluded, a final extension 
step is conducted for 5 min at 68 °C and then the sample is held at 4 °C. This PCR 
product is then cleaned up using a clean-and-concentrator kit, and inserted into 
pAT-GFPdrop in the third and final assembly step by Golden Gate Assembly using 
an AarI restriction enzyme. Golden Gate Assembly was performed by mixing  
150 ng of library that had been removed by PCR, 100 ng of plasmid vector,  
0.25 µL of AarI, 0.25 µL of T7 DNA ligase, 1 µL of 10-mM ATP, 1 µL of AarI 
enzyme buffer, and molecular-biology-grade water to a final volume of 10 µL in a 
PCR tube. This same mixture was made in eight identical PCR tubes. The tube was 
then thermally cycled for 1 min at 37 °C and 1 min at 16 °C, for 35 cycles. There 
was a final incubation at 37 °C for 15 min, followed by a denaturation step of  
15 min at 85 °C. The resultant assembly was cleaned up and concentrated as 
previously described for inserting the library into pFES.2AB, and transformation 
was also conducted in a manner identical to pFES.2AB, without rhamnose 
supplementation in the SOC. The SOC recovery was plated in LB-agar plates 
supplemented with 30 mg/L of chloramphenicol, and 100- and 1000-fold dilutions 
were also made for the purposes of colony counting. The lawns on the 
chloramphenicol plates were then scraped into 500 mL of 2xYT medium 
supplemented with 30 mg/L of chloramphenicol and allowed to grow overnight at 
37 °C. The OD600 was measured, then all cells were spun down at 5000 g’s for  
10 min. The cells were resuspended in LB medium supplemented with 15% 
glycerol, such that the concentration of cells in the frozen sample is approximately 
1 × 1011 cells/mL, following a protocol established by Sarkes and coworkers.14  
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To insert the hydrophobins, a number of hydrophobin Gblocks were obtained from 
IDT, containing compatible AarI flanking sites for easy insertion (sequences of 
relevant hydrophobins and Gblocks are in the supporting information). The 
insertion of the hydrophobins into pAT-GFPdrop was conducted in a manner 
identical to the insertion of the library. Then, 0.5 µL of the resulting mixture was 
electroporated into electrocompetent cells and plated onto LB agar plates 
supplemented with chloramphenicol as previously described. Successful 
hydrophobin insertion was indicated by a colorless bacterial colony on the 
chloramphenicol plates, as the GFP construct should be replaced by the 
hydrophobin. A handful of colorless colonies were grown overnight at 37 °C in LB 
medium, miniprepped, and then sent to GENEWIZ for sequencing as previously 
described.   

 

Fig. 2 Replacement of FLAG-tag with 6xHis and Myc tags 

To replace the FLAG-tag in pAT-GFPdrop (panel A), we take advantage of 
conveniently located EcoRI and SpeI restriction sites, as shown. Gblocks MTK-
G020 and MTK-G021 (panels B and C) contain the same araBAD promoter, 
ribosomal binding site, and pelB leader sequence as in Intermediate 2, but replace 
the FLAG epitope tag with 6xHis and Myc, respectively. A double-digest with 
EcoRI and SpeI, followed by ligation, results in the construct shown in panel D, 
where the FLAG-tag is replaced by either the His tag or the Myc tag. The GFP 
dropout can be removed by AarI digest, and handled the same way as pAT-
GFPdrop in Fig. 1 to insert the library or a hydrophobin of interest.  
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2.4 Cloning Strategy, Replacement of FLAG-Tag by Myc and 
6xHis Tags  

During the course of experiments (vide infra; Section 3.1), it was found that 
autotransporter-containing constructs with the FLAG-tag did not appear to display. 
Furthermore, we did not have a known positive control for autotransporter-
mediated display of a FLAG-tag. Difficulty displaying autotransporter constructs 
containing a FLAG-tag had been observed.15 We therefore elected to switch to a 
6xHistidine (6xHis) tag, for which a positive control was already available. We also 
cloned a construct employing a Myc tag in case this library was to be used to screen 
for metal-binding peptides, as the 6xHis tag is a known metal binder.16  

Fortuitously, unique, conveniently located EcoRI and SpeI restriction sites were 
available upstream and downstream of the FLAG-tag. We therefore ordered EcoRI-
HF, SpeI-HF, and calf intestinal phosphatase (CIP) from NEB, along with Gblocks 
MTK-G020 and MTK-G021 from IDT. The Gblocks contained the 6xHis and Myc 
tags, respectively, along with the appropriate araBAD promoter and pelB signal 
sequence that governs surface display. Next, 300 ng of plasmid pAT-GFPdrop 
Intermediate 2 were mixed with 0.5 µL of EcoRI-HF, 0.5 µL of SpeI-HF, 1 µL of 
NEB 10x CutSmart buffer, and molecular-biology-grade water to a total volume of 
10 µL. Simultaneously, 150 ng of Gblocks MTK-G020 and MTK-G021 were 
mixed with EcoRI-HF, SpeI-HF, and CutSmart buffer. All three digests were then 
incubated at 37 °C for 1 h. At 1 h, 1 µL of CIP was added to the Intermediate 1 
digest only and incubated for an additional hour at 37 °C. All of the digests were 
cleaned up with a Qiagen clean-and-concentrator kit according to manufacturer’s 
instructions. Then, 50 ng of digested Intermediate 1 was mixed with 100 ng of 
digested MTK-G020 and MTK-G021, 0.5 µL of T7 ligase, 1 µL of ligase buffer, 
and molecular-biology-grade water up to 10-µL total volume. The ligations were 
then incubated for 1 h at 37 °C and 1 µL of each assembly was electroporated into 
electrocompetent DH10B as previously described. Then, 50 µL of recovery 
medium was plated onto LB agar plates supplemented with 30 mg/L of 
chloramphenicol and incubated overnight. A handful of colonies were selected 
from each plate, propagated in liquid LB-chloramphenicol, and sequence-verified 
by GENEWIZ.   

To insert the library, or the hydrophobin constructs, Golden Gate Assembly with 
an AarI digest was conducted as previously described. The final surface display 
constructs are shown in Fig. 3.  
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Fig. 3 Final surface-display constructs 

Shown are the constructs that result after replacement of the FLAG-tag for a His 
tag and insertion of the library or appropriate hydrophobin. From left-to-right are 
the araC regulatory protein for the araBAD promoter system, the promoter for araC, 
and the promoter ParaBAD, which governs the expression of the construct of 
interest. The construct itself consists of the pelB secretion tag, which is essential 
for the display of the library or hydrophobin, the 6xHis epitope tag (HHHHHH), 
the library, and finally the autotransporter EhaA. The entire ensemble is terminated 
by the rrnB_T1 terminator.  

2.5 Antibody Staining and Flow Cytometry to Verify Surface 
Display 

To verify surface display, the final autotransporter constructs contained a 6xHis 
epitope tag immediately C-terminal to the pelB leader sequence. Single colonies 
were inoculated overnight at 37 °C in LB medium supplemented with 30 mg/L of 
chloramphenicol. The following morning, fresh cultures of LB medium 
supplemented with chloramphenicol were inoculated with overnight culture at a 
ratio of 100:1. The samples were allowed to incubate at 37 °C and 250 rpm until 
they reached an OD600 of approximately 0.5 (about 3 h). A 2-mL aliquot of culture 
was removed to serve as a control, and the remainder was induced to a final 
concentration of 0.1% sterile-filtered L-arabinose. Both cultures were incubated for 
a further 2 h post-induction. Then, 1 mL of each culture was centrifuged at  
5000 g’s for 5 m, and then washed once with 1 mL of cold phosphate-buffered 
saline (PBS; Sigma Aldrich) supplemented with 1% by weight of bovine serum 
albumin (BSA; Fisher Scientific). Of this solution, 50 µL of cells were mixed with 
50 µL of PBS-1% BSA containing 40 µg/mL of anti-6xHis antibody conjugated to 
AlexaFluor 488 dye, making 20 µg/mL of the final antibody concentration used for 
staining (antibody was obtained from ThermoFisher Scientific). The cells were 
allowed to stain overnight at 4 °C. The cells were then washed twice with cold PBS. 



 

13 

The samples were then diluted 50-fold and run on a Sony SA3800 spectral cell 
analyzer (Sony Biotechnology; San Jose, California).  

The positive control consisted of an autotransporter system previously reported by 
Kozlowski and coworkers.17 The autotransporter was used to display SpyTag, 
SpyCatcher, and the leucine zippers SynZip17 and SynZip18, and stained in a 
matter identical to the one described previously. Successful expression of these 
proteins can be used to drive aggregation of cells displaying SpyTag with those 
displaying SpyCatcher, and the aggregation of cells expressing SynZip17 with 
those displaying SynZip18. Such aggregation was observed (data not shown), 
confirming that surface display had occurred.  

2.6 Library Screening 

To screen the libraries against polymers of interest, 1 mL of frozen stock was grown 
in a glass shaker flask at 37 °C at 250 rpm to an OD600 of 0.5 in 50 mL of LB 
medium supplemented with 30 mg/L of chloramphenicol. Library expression is 
then induced with a final concentration of 0.1% L-arabinose and allowed to proceed 
overnight. The following morning, two squares of material approximately 1 cm by 
1 cm in size and made of acrylic, polycarbonate, polystyrene, or polypropylene are 
introduced to the culture. The materials are incubated for 15 min at 37 °C at  
225 rpm. The medium is then removed and replaced with 50 mL of PBS 
supplemented with 1% (v/v) Triton X-100 (SigmaAldrich). The materials are then 
washed for 30 min at 37 °C at 225 rpm in the PBS-Triton X-100. The materials are 
removed and then placed in 2 5 mL of LB medium supplemented with 30 mg/L of 
chloramphenicol as well as 2% D-glucose (to repress the araBAD promoter). This 
new inoculum is grown overnight at 37 °C. The following day, the resulting culture 
is centrifuged for 6 min at 5000 g’s and then resuspended in 2.5 mL of LB medium 
supplemented with 25% glycerol. The resulting pellets are frozen in liquid nitrogen 
and kept at ‒80 °C for future use.  

To test for possible enrichment of polymer-binding peptides, 1 mL of frozen pellet 
was introduced into 50 mL of LB supplemented with 30 mg/L of chloramphenicol. 
The culture was allowed to grow at 37 °C and 225 rpm to an OD600 of 0.5, then 
induced with 0.1% L-arabinose. Expression was allowed to proceed for 2 h and 
then the samples were stained for flow cytometry analysis as previously described.  

2.7 Contact-Angle Measurements of Substrates of Interest 

The water contact angles of all materials were measured using a Ramé-Hart Model 
290-F4 goniometer, running DROPimage Advanced software (Ramé-Hart; 
Succasunna, New Jersey). High-performance liquid chromatography (HPLC)-
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grade water was used for all experiments (VWR International; Radnor, 
Pennsylvania). The mean and standard deviation of four spots are reported for both 
advancing and advanced (static) contact angles.  

2.8 Spot Assay 

The plasmids used to display the autotransporter were dual-transformed by 
electroporation with plasmid p15a-AmpR-TU2 (gift of Nathan Schwalm; Adelphi 
Laboratory Center, Maryland). This plasmid contains a GFP cassette under a 
constitutive promoter, an ampicillin-resistance cassette, and a p15a origin of 
replication. This causes the cells to fluoresce in the GFP channel, conveys 
ampicillin resistance, and the p15a origin is compatible with the ColE1 origin of 
the surface display plasmid. 

To conduct the spot assays, overnight cultures of autotransporter-displayed 
hydrophobin constructs were inoculated at a ratio of 50:1 into LB medium 
supplemented with 100 mg/L of ampicillin and 30 mg/L of chloramphenicol. After 
3 h, the cells were divided into two batches. One batch had sterile D-glucose added 
to a concentration of 2% by weight: this served as the control sample. The second 
batch was induced with 0.1% L-arabinose. The cells were then allowed to express 
overnight at 37 °C. The following morning, a sheet of polymer obtained from 
McMaster-Carr (Elmhurst, Illinois) was divided into circled spots (Fig. 4). Next, 
100 µL of induced (experimental) or non-induced (negative control) culture was 
placed in the center of the appropriate marked spot and allowed to sit at room 
temperature for 1 h. Both control and experimental samples were run in triplicate. 
The spots were removed by pipetting, then were washed twice, by pipetting 100 µL 
of PBS onto the spot and removing the PBS, also by pipette. The polymer sheets 
were then imaged under a GFP channel on an Invitrogen iBright 1500 imager using 
an exposure time of 20 ms for all materials.   
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Fig. 4 Spot assay setup 

Figure 4 illustrates the setup for spot assays. Locations on large slabs of polymers 
of interest, such as HDPE, polystyrene, and acrylic, are indicated by permanent 
marker. The 100 µL of bacterial cells are spotted in these circles and allowed to 
incubate for 1 h. The bacterial cells either are displaying a hydrophobin 
(experimental conditions) or contain the hydrophobin construct, but have the 
expression of this construct repressed (control conditions). In addition, the cells are 
made fluorescent through the constitutive expression of GFP located on a separate 
plasmid. After 1 h, the spots are removed and then 100 µL of PBS is used to wash 
each spot twice. The slabs are then fluorescently imaged on an iBright 1500 imager.  

2.9 Attachments 

Plasmid maps and Gblocks are available as SnapGene files attached to this report. 
An Appendix is also included, containing a glossary and description of the MoClo 
cloning system.  

3. Results and Discussion 

An illustration of the successful display of a protein of interest by the 
autotransporter is shown in Fig. 5. In brief, a 6xHis epitope tag is on the very N-
terminus of the displayed protein. The protein of interest, or peptide library, are 
located C-terminal to the 6xHis tag. Finally, the C-terminal end of the protein is the 
autotransporter transmembrane protein, which anchors the epitope tag and protein 
of interest to the outside surface of the bacterial outer membrane. The 6xHis tag 
can be recognized by an Anti-His antibody, which is conjugated to the fluorescent 
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dye AlexaFluor 488. Therefore, if the protein of interest is present on the surface of 
the cell, staining with the anti-His antibody will cause that cell to be fluorescent. 
The number of fluorescent cells in a population can be determined using flow 
cytometry.  

 

Fig. 5 Illustration of successful surface display, observable by flow cytometry 

This is a schematic view of the successful display of a protein by the autotransporter 
system. The 6xHis antibody tag on the N-terminal end of the protein should be 
recognized by an Anti-His antibody, which is conjugated to a fluorescent dye. 
Therefore, a cell displaying the protein of interest should be fluorescent in the 
AlexaFluor 488 channel.  

3.1 FLAG-Tagged Constructs Did Not Express Well 

Initially, the autotransporter constructs were intended to have a FLAG epitope tag 
(sequence: DYKDDDDK), as the FLAG-tag is less active against metals than the 
6xHis tag. Several hydrophobins were cloned into the autotransporter system under 
a FLAG-tag, along with a positive control consisting of a short FLAG peptide. 
When expression of these constructs were nominally induced, stained, and 
subjected to flow cytometry analysis, the resulting fluorescence observed in the 
population was no greater than the autofluorescence of control cells that did not 
contain any surface-display construct whatsoever (Fig. 6). As the putative positive 
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control also did not work, we could not be sure if the lack of display was caused by 
poor antibody, an error with the flow cytometer, or the inability of the cells to 
actually display a construct with a FLAG-tag. Based on these results, we elected to 
switch the FLAG-tag for a 6xHis tag as previously described, as we did have access 
to previously cloned positive controls with a 6xHis tag. All subsequent flow 
cytometry studies in this report were done with constructs containing the 6xHis tag, 
and staining is seen in these cases.  

 

Fig. 6 Flow cytometry of select FLAG-tagged constructs 

Flow cytometry indicates that constructs with a FLAG-tag appeared not to surface 
display. In all graphs in Fig. 6, the x-axis represents the fluorescent signal from 
AlexaFluor 488 in arbitrary units, and the y-axis represents a count of cells 
demonstrating a particular fluorescent signal. A vertical gate is drawn to exclude 
the entire population of cells in the negative control. Figure 6A is a negative control, 
showing ordinary DH10B cells, without any construct, that had anti-FLAG 
AlexaFluor 488 antibody added and then washed. Figure 6B shows an EAS 
hydrophobin autotransporter construct with FLAG-tag whose expression had been 
induced. Figure 6C shows the putative positive control, an autotransporter construct 
with FLAG-tag only, with expression induced. The populations of all three 
experiments show effectively the same level of fluorescence and leads us to 
conclude that surface display of FLAG-tagged constructs is not observed.   

3.2 Using a 6xHis Tag, Surface Display of Library is Observed 
and Screening against Polymers Leads to Enrichment of 
Displaying Fraction 

To see if any peptides in the displayed library actually bound to our materials of 
interest, we conducted flow cytometry at two points: first, the initial library and 
second, after one round of screening. The initial peptide library only had a small 
percentage of cells (~7%) that appeared to display a peptide, which could be due to 
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various reasons such as toxicity of certain peptides in the library, rare codons, stop 
codons, and so on. If none of the peptides displayed actually adhered to the screened 
materials, we would expect the bacteria cultivated after the first screen to have 
roughly the same fraction of cells displaying a peptide. However, if some peptides 
in the library did adhere to the tested materials of acrylic, polycarbonate, 
polystyrene, and polypropylene, we would expect the fraction of cells that display 
those peptides to be enriched after screening, and consequently, we would expect 
to see a higher percentage of cells undergoing surface display. In Fig. 7, after one 
round of screening, the population of displaying cells is larger than that of the initial 
library, and we therefore conclude that at least some peptides in the library promote 
adhesion to the materials of interest.  

 

Fig. 7 Screening enriches fraction of displaying cells 

The peptide library is cloned in to the autotransporter display system. The x-axes 
of these graphs show the fluorescence intensity of AlexaFluor 488 (the dye on the 
conjugated antibody), and the y-axes show the number of cells observed at a 
particular fluorescence intensity. The top row of graphs shows uninduced controls, 
and the bottom row of graphs shows induced experimental samples. A gate is drawn 
as shown to exclude all cells in uninduced samples. Cells with a fluorescence below 
the gate threshold are shown in blue, and those with a fluorescence above the gate 
threshold are shown in orange. In the initial library, only 7% of cells appear to 
display a peptide on their surface, as seen in the first column (“initial library”). 
However, after one round of screening, the number of cells that display a peptide 
upon induction increase, to 43% in the case of a screen against acrylic, 40% in the 
case of a screen against polycarbonate, 31% in the case of a screen against 
polystyrene, and 46% in the case of polypropylene. This enrichment in the 
displaying fraction suggests the screening favors the population of cells that 
actually do display in the initial library, and therefore that some of the displayed 
peptides in the initial library do in fact bind to these polymers of interest. Efforts at 
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sequencing this enriched fraction are ongoing, to determine which peptides may 
promote adhesion.   

We note the diversity of the library, containing 105 members, is relatively small, 
and most libraries of this type aim for a diversity closer to 108 or 109. We are 
somewhat puzzled as to why our library diversity is small: the competence of the 
cells into which the library is transformed is approximately 109 colonies/µg when 
measured using a control pUC19 plasmid, and we are introducing approximately  
1 µg of library DNA into the cells. The time constants of electroporation are low 
(3.5 ms) when the libraries are introduced, suggesting the presence of salts or other 
contaminants. Additional washes, or use of alternate cleanup-and-concentrator kits, 
may be required. Further troubleshooting is necessary to increase the diversity of 
the library.  

3.3 Surface Display of Hydrophobins Is Strain-Dependent 

The display of the library was conducted in E. coli strain DH10B, which had 
previously been used by Kozlowski and coworkers to display SpyTag, SpyCatcher, 
and leucine zippers.17 As DH10B was used for cloning, it was convenient to attempt 
to display the constructs in the same strain, as that removed the necessity of an 
additional transformation step. However, we found this strain did not support 
surface expression of hydrophobins (Fig. 8). We then decided to attempt surface 
display in E. coli strain BL21, which is a protein-expression strain that is deficient 
in the proteases Lon and ompT.18 The deficiency of ompT is particularly important, 
as this is a membrane protease that may digest membrane proteins such as 
autotransporter.19 Therefore, hydrophobin constructs were electroporated into 
competent BL21 cells, and induced and stained as previously described. The result, 
as seen in Fig. 9, is that some fraction of the cells are observed to display 
hydrophobin on the surface. Encouraged by this result, we then proceeded to use 
BL21 for all subsequent surface-display experiments involving hydrophobins.  
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Fig. 8 Hydrophobin expression did not proceed in DH10B, but appears to work in BL21 

In Fig. 8A, hydrophobin HfbII is present in E. coli DH10B and not induced. In 
Fig. 8C, expression of HfbII is induced by the addition of 0.1% L-arabinose. 
However, no difference in surface fluorescence can be observed between the 
uninduced and induced samples, implying that surface display of the construct is 
not observed. Other hydrophobins attempted showed a similar lack of expression 
in DH10B (data not shown). The same construct was then electroporated into E. 
coli strain BL21. The uninduced HfbII construct is shown in Fig. 8B. After 
induction with 0.1% L-arabinose, a population of fluorescent cells can be observed 
(Fig. 9D), implying that HfbII does express on a population of BL21 cells: 
approximately 22% of induced BL21 cells show the HfbII hydrophobin on the 
surface. Also of note, BL21 cells that are not induced have a small (0.6%) 
population of cells that appear to show HfbII on the surface, suggesting that 
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expression of this construct is somewhat leaky. These images are broadly 
representative of what was observed with hydrophobins other than HfbII, namely, 
non-expression in DH10B and some degree of expression in BL21.  

3.4 Vmh2 Appears to Promote Bacterial Adhesion to 
Polystyrene, as Do Sc3 and DEW 

An important positive control in our spot assays was to see if the work of Sorrentino 
and coworkers could be duplicated.9 In particular, we wanted to observe whether 
the display of hydrophobin Vmh2 could induce bacterial adhesion to polystyrene. 
Two different versions of Vmh2 appear in the UniProt database, the first version, 
Vmh2-1 being the one used by Sorrentino and coworkers (UniProt: 
Q8WZI2_PLEOS)9 and the second, Vmh2-2, being from the work of Peñas and 
coworkers (UniProt: Q8WZI1_PLEOS).20 Both versions were spot-tested on a 
polystyrene surface, as shown in Fig. 9. Spots of cells that had hydrophobin 
expression induced are still fluorescent after washing. However, the corresponding 
spots of control samples, consisting of cells whose hydrophobin expression was 
catabolically repressed, are much less fluorescent. Therefore, presence of the 
hydrophobin on the cell surface appears to be correlated to cellular adhesion to a 
polystyrene surface, and it appears to be the case that surface display of the 
appropriate hydrophobin can promote adhesion of bacterial cells to a tested 
substrate.   
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Fig. 9 Spot assay of Vmh2 on polystyrene. Fluorescent cells containing the plasmid for 
expression of Vmh2-1 are in locations A and B, with A being where expression was induced 
and B being the control uninduced/catabolically repressed sample. Similarly, cells containing 
the Vmh2-2 construct are in locations C and D, with C being the induced sample in C and D 
being the uninduced sample. The cells sat on the polystyrene surface for 1 h and then each 
spot was washed twice with PBS. Note the bright spots in locations A and C, and the 
correspondingly much dimmer spots in locations B and D, suggesting the fluorescent cells 
expressing Vmh2-1 and Vmh2-2 are more adhesive to the polymer than the corresponding 
controls, which are more easily washed off by PBS. Note also the gray dashed-line box Z, 
which shows spots where two peptides not known to bind to polymers were surface 
displayed. Exposure time was 250 ms.   

Further tests were run with other hydrophobins on polystyrene, as seen in Fig. 10. 
Notably, the hydrophobins Sc3 and DEW appear to have promoted bacterial 
adhesion to the polystyrene, as bright spots are left behind in the experimental 
samples after washing, whereas the corresponding controls do not show such bright 
spots. In the NC2 hydrophobin samples; however, there is not much difference 
between the experimental and control spots. Also of note, the hydrophobin HfbII 
did not appear to promote adhesion and, curiously, in this experiment, Vmh2-2 did 
not appear to adhere very well either, as while some fluorescence can be observed, 
it is very dim in contrast to the results in Fig. 9. We note that Fig. 9 was taken with 
a slightly longer exposure time, as can be seen by the higher background 
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fluorescence of the material itself. These results suggest that Sc3 and DEW may 
actually be better adhesive partners for polystyrene than Vmh2-1, though this 
would require further experimentation and better quantitation.  

 

Fig. 10 Spot assay of various hydrophobins on polystyrene 

The hydrophobin Sc3 was induced and spotted in box A, whereas the corresponding 
uninduced/catabolically repressed sample is seen in box B. The hydrophobin DEW 
is induced in box C and uninduced in box D. As can be seen, the spot with induced 
cells gives a fluorescent signal, whereas the corresponding control does not. The 
hydrophobin NC2, when induced, was placed in box E and the corresponding 
uninduced sample is placed in box F. No particular difference between induced and 
uninduced sample can be seen here, and in fact, the washing may have been 
insufficient as the fluorescence from the control is still visible. The two dashed 
boxes correspond to induced samples of HfbII (top-left, labeled box X) and  
Vmh2-2 (bottom-center, labeled box Z). Surprisingly, the Vmh2-1 induced sample 
appears to have a very dim fluorescent spot. The exposure time for this image was 
20 ms, shorter than that of Fig. 9, which may explain some of this discrepancy and 
would suggest that Sc3 and DEW better promote cell binding to polystyrene.  

3.5 Hydrophobins Sc3, DEW, and NC2 Appear to Promote 
Bacterial Adhesion to HDPE and Polyester  

For spot assays, two different types of HDPE were used, one obtained from 
McMaster-Carr and one scrap of material that was available in the Polymers 
Branch. In both cases, following washing, a fluorescent spot can be observed in a 
spot where Sc3, DEW, and NC2 hydrophobin display was induced, but not in the 
corresponding control spot where the sample was not induced. Therefore, the 
hydrophobins Sc3, DEW, and NC2 appear to be plausible candidates for promoting 
bacterial adhesion to HDPE (Figs. 11 and 12).  
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Fig. 11 Spot assay on HDPE from the Polymers Branch 

 

Fig. 12 Spot assay on HDPE from McMaster-Carr 
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On the piece of HDPE from the Polymers Branch, we spotted cells containing the 
surface-display construct for Sc3 (blue boxes, A and B), DEW (red boxes, C and 
D), and NC2 (white boxes, E and F). Each spot was done in triplicate. Expression 
of the construct was induced for the top row of spots (boxes A, C, and E) and 
catabolically repressed for the bottom row of spots (boxes B, D, and F). Boxes A, 
C, and E are therefore experimental samples, and boxes B, D, and F are their 
corresponding controls. After washing, we noted that bright spots appear to persist 
in the induced Sc3, and they do not persist when this expression is repressed  
(box B). Similarly, expression of DEW appears to lead to spots remaining (box C), 
whereas repression of DEW causes the spots to be removed by washing (box D). 
There is not a particularly large contrast between induced and repressed NC2 
(boxes E and F). Based on these results, we believe Sc3 and DEW may be 
promoting bacterial adhesion to HDPE.  

On the other piece of HDPE, we spotted cells containing the surface-display 
construct for Sc3 (blue boxes, A and B), DEW (red boxes, C and D), and NC2 
(white boxes, E and F). Expression of the construct was induced for the top row of 
spots (boxes A, C, and E) and catabolically repressed for the bottom row of spots 
(boxes B, D, and F). Boxes A, C, and E are therefore experimental samples, and 
boxes B, D, and F are their corresponding controls. After washing, we noted that 
bright spots appear to persist in the induced Sc3, and they do not persist when this 
expression is repressed (box B). Similarly, expression of DEW appears to lead to 
spots remaining (box C), whereas repression of DEW causes the spots to be 
removed by washing (box D). There is some difference in the brightness of spots 
where NC2 was induced (box E) compared to where NC2 expression was 
catabolically repressed (box F), meaning this may be a plausible candidate 
hydrophobin worth further exploration. The dashed boxes in Fig. 12 (labeled boxes 
Z) indicate locations where cells were placed while expressing HfbII, Vmh2-1, and 
Vmh2-2, and no fluorescent signal can be seen, suggesting that expressing any 
hydrophobin construct is not sufficient to enhance bacterial adhesion (i.e., it is not 
the expression of the autotransporter protein causing the observed differences 
elsewhere).  

Similar results are observed on polyester obtained from McMaster-Carr, as shown 
in Fig. 13, where spots composed of cells expressing Sc3, DEW, and NC2 are more 
fluorescent than their corresponding controls, though the effect of NC2 expression 
is the weakest of the three. Also notable is that three other surface-displaying 
hydrophobins do not appear to promote adhesion to this polymer. This is important 
to note as high levels of surface-protein expression can lead cells to become 
nonspecifically sticky, regardless of the protein displayed. This nonspecific 
stickiness does not appear to be a major factor in these experiments. Once again, 
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Sc3 and DEW appear to be good candidates for promoting binding to this polymer. 
NC2, however, does not appear to be a good candidate.  

 

Fig. 13 Spot assay on polyester 

Cells expressing Sc3 are shown in box A, whereas the corresponding uninduced 
control is shown in box B. Cells expressing DEW are shown in box C, whereas the 
corresponding uninduced control is shown in box D. Cells expressing NC2 are 
shown in box E, whereas the corresponding uninduced control is shown in box F. 
Box E shows very faint spots, suggesting that the binding activity of NC2 is weaker 
than that of Sc3 and DEW. The gray dashed boxes correspond to cells that are 
expressing HfbII, Vmh2-1, and Vmh2-2: note that fluorescence is either very faint, 
or not observed, in these gray dashed-line boxes (boxes labeled Z), suggesting that 
not all hydrophobins tested are capable of binding to polyester and expression of 
the autotransporter construct does not necessarily lead to bacterial adhesion. Note, 
also, the considerable fluorescence of the polyester itself and the fluorescent 
“splash” near the spot labeled 19U. This splash corresponded to a region of the 
polymer that, when spotted, appeared to be wetting, in contrast to the rest of the 
sample.   
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3.6 Hydrophobins and Acrylic: Possible Limitations or Need for 
Modification of Spot-Assay Approach for More-Hydrophilic 
Surfaces 

The least-hydrophobic polymer we tested was acrylic, with a static contact angle of 
73.2° (Table 1). We hypothesized that hydrophobins would have the lowest activity 
for acrylic because the proposed mechanism for hydrophobin binding is the 
interaction of a hydrophobic patch on the protein with a hydrophobic surface, 
specifically with a hydrophilic portion of the protein facing the surrounding 
solvent.5 As acrylic was the least-hydrophobic surface measured, we expected this 
type of assembly to be weakest on such a surface, and consequently, expected to 
see a weak interaction between the hydrophobins and acrylic. To our surprise, DEW 
appears to enhance binding of the bacterial cells to acrylic fairly strongly, whereas 
the evidence of Sc3 and NC2 binding is more ambiguous. However, in contrast to 
polystyrene, HDPE, and polyester substrates, control spots throughout the panel 
appear to be dimly fluorescent, suggesting that the wash conditions used did not 
fully remove cells that did not display a surface construct, and therefore, more 
stringent wash conditions are likely required for acrylic.  

Shown in Table 1 are the means and standard deviations of four different spots for 
advancing contact angle and advanced contact angle. All measurements are 
reported in degrees. Polyester was the most hydrophobic polymer studied, and 
acrylic was the least.  

Table 1 Contact angles of tested polymers 

Polymer Advancing mean Advancing SD Advancing mean Advancing SD 
Acrylic 74.2 2.2 73.2 2.2 
Polystyrene 105.1 3.3 101.8 1.5 
Polyester 118.2 5.6 114.8 4.3 
HDPE 97.4 4.5 90.8 3.7 

 
In Fig. 14, cells expressing Sc3 are shown in box A, whereas the corresponding 
uninduced control is shown in box B. Cells expressing DEW are shown in box C, 
whereas the corresponding uninduced control is shown in box D. Cells expressing 
NC2 are shown in box E, whereas the corresponding uninduced control is shown 
in box F. The gray dashed boxes (boxes Z) correspond to cells that are expressing 
HfbII, Vmh2-1, and Vmh2-2 (top row of the box) or the corresponding controls 
(bottom row of the box). While the evidence for DEW promoting adhesion to 
acrylic is compelling, the other spots are very faint. Furthermore, the spots of 
control samples also show a faint fluorescence, suggesting that the wash conditions 



 

28 

used were not stringent enough to remove cells that were not displaying anything 
on the surface.  

We hypothesize that harsher conditions are needed for more hydrophilic surfaces, 
and additional evidence for this hypothesis can be found in the image presented for 
polyester (Fig. 13). In this figure, there is a large, dimly fluorescent “splash” that 
can be observed near the spots labeled 19 and 19U. When spot 19U (Vmh2-2, 
uninduced) was placed in this location, we observed surface wetting, in contrast to 
the high-contact-angle spots that were observed elsewhere. Despite doing four 
washes with PBS of this spread-out spot, we were not able to entirely eliminate the 
splash that can be observed in the fluorescent channel.  

 

Fig. 14 Spot tests against acrylic may need additional washing 

3.7 Comparing Surface Display of HfbII, Sc3, DEW, and NC2 

It may be argued that the adhesive hydrophobins are simply the ones that were most 
expressed on the cell surface. Here, we discuss Fig. 15, which is a comparison of 
the flow cytometry results for HfbII (which did not bind to our substrates of 
interest), and Sc3, DEW, and NC2, which did. Note it is actually Sc3 that shows 
the least evidence of surface display, with hardly any cells exceeding the gate drawn 
in the figure. There is a very small shift in the peak of the fluorescence, however, 
that suggests some surface display did in fact take place. HfbII shows the next-
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smallest population of expressing cells, at approximately 22%, and DEW and NC2 
both have approximately 40% of cells that appear to be expressing. Based on the 
shape of the population, however, it appears to be the case that NC2 expressed 
better, as the curve of the induced sample has more events closer to 104 arbitrary 
units than does DEW.  

 

Fig. 15 Comparing surface display of HfbII, Sc3, DEW, and NC2 

It may be the case that HfbII simply expresses too poorly to be seen adhering to the 
polymer substrates of interest. However, it should be noted that in the spot assays 
presented earlier, DEW appeared to facilitate better binding to the polymer surface 
than NC2, despite NC2 having an equal or better level of surface display.  

The flow cytometry results for uninduced and induced autotransporter-hydrophobin 
constructs are as-marked previously. Based on using the same gating for all 
samples, in HfbII, approximately 22% of cells show evidence of surface display; in 
Sc3, 1% of cells show some evidence of surface display; in DEW, 41% of cells 
show evidence of surface display and there is additional evidence of leaky 
expression; and in NC2, approximately 40% of cells show evidence of surface 
display.  

Hydrophobin Sc3 is somewhat puzzling. Figure 16 would suggest that no surface 
expression is observed. However, there is a slight upward shift in the fluorescence 
of the experimental sample, and the average cell in the induced sample is also more 
fluorescent, suggesting that surface expression of this hydrophobin does occur, but 
is very slight.  
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Fig. 16 Evidence for surface display of Sc3 

If the gates from the flow cytometry are drawn arbitrarily at 102, we find that the 
percentage of cells that exceed this arbitrary gating is higher when Sc3 expression 
is induced (panel B) as opposed to uninduced (panel A). Note also the peak has 
shifted slightly to the right (higher fluorescence). When doing an overlay of overall 
fluorescence (panel C), we find that the induced sample does have higher average 
fluorescence than the uninduced sample, in the wavelengths corresponding to 
AlexaFluor 488. We therefore conclude that some Sc3 is being expressed on the 
surface of the cells, but that such expression is weak.  

Despite relatively low levels of surface expression, Sc3 promoted good adhesion in 
the spot assays, suggesting that this may be a strong candidate for further research. 
However, the surface display of this hydrophobin should be optimized, or perhaps 
studied using a different surface-display system.   

3.8 Limitations of Study and Future Improvements  

While these initial results appear promising, we urge caution in interpretation of 
these spot-assay results. First, we note the washing conditions used were not 
especially rigorous, as the PBS was not supplemented with detergent, and the PBS 
was only pipetted onto and off of the spots rather than being extensively agitated. 
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While these wash conditions appear to be sufficient to remove the control spots in 
materials other than acrylic, the mildness of the conditions means that hydrophobin 
adhesion may not be especially strong. Indeed, when a large amount of water is 
poured over the samples, no fluorescent spots are observed (data not shown).  

These studies also do not allow us to draw strong conclusions on the relative 
performance of the hydrophobins, as the surface display of these hydrophobin 
constructs has not been optimized and a considerable proportion of the induced 
cells do not appear to display the construct. Spot assays to date have not been 
normalized for the number of cells displaying the hydrophobin of interest (i.e., there 
may simply be more potentially adhesive cells present in Sc3 or DEW experimental 
samples than in Vmh2 samples). However, while the method shown here is not 
quantitative, it does show that certain hydrophobins appear to be good candidates 
for further study for promoting adhesion of bacterial cells to hydrophobic polymers.  

One major limitation of the spot-assay method is that a number of the polymer 
materials are fluorescent at the wavelengths being observed. In particular, a nylon 
slab obtained from McMaster-Carr was too fluorescent to distinguish the presence 
of bacterial cells from the background fluorescence (data not shown). As can be 
seen in Fig. 13, polyester also shows considerable fluorescence. This will make 
quantification difficult and also imposes a limit of detection as setting too long an 
exposure time on the camera results in a massive fluorescence signal from the 
material. The substrates used in this study were all off-the-shelf, commercially 
available samples used without modification and, so far, no attempt has been made 
to quantify or modify surface roughness. Surface roughness no doubt plays a role 
in the ability of the bacteria to adhere, and this variable may be a fruitful topic of 
further study.  

These polymer coupons should be observed under a confocal fluorescent 
microscope with laser excitation to see if a layer of cells can be seen on the polymer 
surface and provide a semi-quantitative measure of adhesion. Such an attempt was 
made, but the working distance on the inverted confocal microscope used was too 
long and the sample blocks are too large to be mounted on the microscope stage. 
The samples must be cut down to an appropriate size, roughly that of a 96-well 
plate, before they can be mounted on a microscope stage. This approach is not high-
throughput, however, and is probably most useful once promising candidates have 
been identified through the sorts of spot tests that have been run to date.  

Finally, even after normalization of the number of hydrophobin-expressing cells, 
these results are not quantitative and must be made so if directed evolution or other 
methods of protein engineering are to be used to improve adhesive performance. 
We may wish to take advantage of microfluidic methods, where the flow rate of a 
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wash solution can be controlled and, consequently, so can the shear stresses on an 
individual adhered cell. Being able to remain adhered at higher shear stresses may 
give a semi-quantitative measure of the performance of the individual hydrophobin. 

Future studies might include examination of a wider range of hydrophobins in 
addition to the six shown here and a more systematic study as to whether Class I or 
Class II hydrophobins are better suited to potentially serving as adhesives. We may 
also wish to examine materials with a wider range of contact angles to determine 
the minimum contact angle at which adhesion can be observed. Structural studies 
of each hydrophobin may give insight as to how it adheres to a surface, and an 
alanine scan of the hydrophobin may help determine what structural elements are 
critical for adhesion to occur.  

4. Conclusion 

In this study, we successfully cloned a peptide library into the autotransporter 
surface-display system, as well as a family of fungal-derived hydrophobins. We 
demonstrated that the library, and the hydrophobins, can be surface-displayed in E. 
coli. We further demonstrated that screening the peptide library against acrylic, 
polycarbonate, polystyrene, and polypropylene leads to enrichment of a peptide-
displaying fraction, which we interpret to mean that the library contains peptides 
that bound to these polymers of interest. Finally, we showed that displaying the 
hydrophobins Vmh2, Sc3, DEW, and NC2 enhances the adhesion of bacterial cells 
to polymers such as polystyrene, HDPE, polyester, and acrylic. In so doing, we 
have identified proteins that may be promising for future use as biologically 
inspired polymer adhesives.  
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Table A-1 Sequences of hydrophobins used in this work 

Hydrophobin Species of 
origin 

Class Protein sequence UniProt 
accession 
number 

HfbII Trichoderma 
reesei 

II AVCPTGLFSNPLCCATNVLD 
LIGVDCKTPTIAVDTGAIFQ 
AHCASKGSKPLCCVAPVADQ 
ALLCQKAIGTF 

P79073 

Sc3  Schizophyllum 
commune 

I MFARLPVVFLYAFVAFGALV 
AALPGGHPGTCTTGSLSCCN 
QVQSASSSPVTALLGLLGIV 
LSDLNVLVGISCSPLTVIGV 
GGSGCSAQTVCCENTQFNGLINIGCT
PINIL 

P16933 

DEW Aspergillus 
nidulans 

I LPASAAKNAKLATSAAFAKQ 
AEGTTCNVGSIACCNSPAET 
NNDSLLSGLLGAGLLNGLSG 
NTGSACAKASLIDQLGLLAL 
VDHTEEGPVCKNIVACCPEG 
TTNCVAVDNAGAGTKAE 

P52750 

NC2 Neurospora 
crassa 

II APAAMERQVPYTPCSGLYGT 
AQCCATDVLGVADLDCANPP 
ATLANATHFESTCAAIGQRA 
RCCVLPILGQDILCQTPAGL 

Q7S3P5 

Vmh2 version 
1 

Pleurotus 
ostreatus 

I IPRTDTPSCSTGSLQCCSSV 
QKATDPLASLLIGLLGIVLG 
PLDLLVGVTCSPITVIGVGG 
TSCTQQTVCCTGNSFNGLIA 
IGCSPINISL 

Q8WZI2 

Vmh2 version 
2 

Pleurotus 
ostreatus 

I IPRTDTPSCSTGSLQCCSSV 
QKASDPLVGIIVALLGIVLG 
PLDLNVGLTCSPITVIGVGG 
TSCTQQTVCCTGNNFNGLIV 
AGCSPINIGL 

Q8WZI1 
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Table A-2 Primers used in this work 

Primer Sequence Purpose 
pQE for Agcggataacaatttcacacag Amplification of hydrophobin Gblocks 

pQE rev Ttctgaggtcattactggatc Amplification of hydrophobin Gblocks 

LibraryOut-for GGTGATGGATTGTCTGACAGG Remove library from pFES.2AB 

LibraryOut-rev GTTTCACGAGTACCGATATTGTCC Remove library from pFES.2AB 

MTK-p1001F CGCGTCTCTGTAGTTTTTGCAGGTGGGA
AAGTGAAACGTGATTTC 

Remove GFP from pYTK001 for use as a 
dropout, and add BsmBI restriction site 

MTK-p1001R GCGTCTCAGGATCCAAAAGCAGGTGTA
AACGCAGAAAGGCCCACC 

Remove GFP from pYTK001 for use as a 
dropout, and add BsmBI restriction site 

pLibAmpF GATACGGTCTCCAGGTACACCTGCGTAC
TAG 

Initial amplification of library, adding 
BsaI sites 

pLibAmpR ATCTGGTCTCGAAGCCACCTGCGAACAT
C 

Initial amplification of library, adding 
BsaI sites 

araC-for GCATCGTCTCATCGGTCTCAAACGtgctact
ccgtcaagccgtc 

Remove araC and ParaBAD from pDSJR 

araC-rev ATGCCGTCTCAGGTCTCACATAacctcaaag
gtaccgagctcg 

Remove araC and ParaBAD from pDSJR 

InsertSeq-for GCTCTTCTCGCTAACCAAACC Sequencing constructs in pYTK001 and 
dropout derivative 

YTKseq-for GCGTTATCCCCTGATTCTGTG Sequencing constructs in pYTK001 and 
dropout derivative 

YTKseq-rev CGCTTGGACTCCTGTTGATAG Sequencing constructs in pYTK001 and 
dropout derivative 
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Table A-3 Gene blocks (Gblocks) used in this work 

Gblock Sequence Purpose 
MTK-G002 gcatcgtctcatcggtctcatatgATGAAATACCTATTGCCTACGGCAGCC

GCTGGATTGTTATTACTCGCGGCCCAGCCGGCCATGGCGGAC
TACAAAGACGATGATGATAAAACTAGTgGTAGtGAGACGaggct
cagataCGTCTCtATCCGGTTCTGGCTCTGGTTCCGGTAGCGGTA
GCGGTAGCGGCTCTGGTAGCGGTTCCATCGACAATTCAGCCG
CAATTAGTATGGCAAATCCACGTCCACCAACACCGCGGacacct
acaccgggtccggaccttaatgttgataacgatctgcgtccagaggcgggttcatatattgcgaatctt
gcggcggcaaatacaatgttcacaactcgcttgcatgagcgcctgggtaatacttactataccgatat
ggtaactggcgagcagaaacagacgacgatgtggatgcgccatgaaggaggccataacaaatgg
cgcgatgggtccggtcaattaaaaacccagtctaatcgttacgtgcttcaattaggtggtgatgttgctc
aatggtcccagaatgggtctgatcgttggcacgtcggcgtgatggcgggttatgggaacagcgata
gtaaaactatttctagtcgtacagggtaccgtgcaaaagcttcagtcaatggatactccacaggtctgt
acgctacttggtatgctgatgatgaatctcgcaacggagcatatctggattcatgggcccaatacagtt
ggttcgacaatacggttaagggcgatgatttacaaagcgagtcttataaatcaaaaggattcactgcat
cccttgaagccggttacaaacataaactggccgagttcaatggcagccaaggaactcgcaacgaat
ggtatgtgcagccgcaagctcaggtgacttggatgggggtgaaagcggataagcatcgtgaatcaa
atggtacattggtacattctaacggcgacggtaatgtccaaacccgcttgggtgttaagacctggctta
agtcccatcataagatggatgacggtaaatcccgtgagtttcagccctttgtcgaggttaactggctgc
ataacagcaaagactttagtacttcgatggatggcgtttctgttacccaagatggggctcgtaatattgc
ggagattaaaacaggggtggaagggcaacttaatgctaacctgaacgtctggggtaatgttggtgttc
aagtagcggaccgcggttataacgacacttctgctatggtcggaatcaagtggcagttctgacGAT
CCTGAGACCTGAGACGGCAT 

Block 2 of figure 
1. 
Autotransporter, 
with FLAG tag, 
and space for 
insertion of GFP 
dropout. 

MTK-G003 CTCCAGGTACACCTGCGTACTAGTNNKNNKNNKNNKNNKNN
KNNKNNKNNKNNKNNKNNKNNKNNKNNKGGATGTTCGCAG
GTGGCTTCG 

Library 

MTK-G005 agcggataacaatttcacacagGCATCGTCTCATCCACCTGCgtacTAGTgct
gtatgtccaactggtctgttctctaatccgctgtgttgcgcgactaacgtcctggatctgattggcgtgg
actgcaaaacgcctactatcgctgttgacactggtgctatcttccaggctcactgcgcgagcaaaggt
tccaaaccgctgtgctgcgttgcaccagttgcagaccaggccctgctgtgccagaaagcaatcggc
acctttGGATgttcGCAGGTGGGATCCTGACCTGAGACGGCATgatcc
agtaatgacctcagaa 

HfbII insert 

MTK-G008 agcggataacaatttcacacagGCATCGTCTCATCCACCTGCgtacTAGTatgt
ttgcgcgtctgcctgttgtctttctgtacgcgtttgtagcgttcggtgcgctggttgctgcgctgccggg
cggccacccgggcacttgtaccacgggttctctgagctgctgtaaccaggtgcagagcgcgagca
gctccccggtaacggctctgctgggcctgctgggtatcgttctgtccgacctgaatgttctggtgggc
atcagctgctctccgctgaccgttatcggtgtgggtggctccggttgctctgctcagactgtttgctgcg
aaaacacccagttcaacggcctgatcaacatcggctgtaccccgatcaacattctgGGATgttcG
CAGGTGGGATCCTGACCTGAGACGGCATgatccagtaatgacctcagaa 

Sc3 insert 

MTK-G013 agcggataacaatttcacacagGCATCGTCTCATCCACCTGCgtacTAGTctg
cctgcttctgctgctaaaaacgctaaactggccacctctgcagcttttgcgaagcaggcggaaggtac
tacgtgcaacgttggctctattgcgtgctgtaactctcctgccgagaccaacaacgatagcctgctga
gcggtctgctgggtgctggtctgctgaacggcctgagcggtaatacgggtagcgcttgtgccaaag
ccagcctgattgatcagctgggtctgctggccctggttgatcataccgaagagggtccagtttgtaaa
aacattgttgcttgttgcccggaaggtaccacgaattgcgtagctgttgataacgctggtgcgggtacc
aaagcagaaGGATgttcGCAGGTGGGATCCTGACCTGAGACGGCAT
gatccagtaatgacctcagaa 

DEW insert 

MTK-G014 agcggataacaatttcacacagGCATCGTCTCATCCACCTGCgtacTAGTgca
ccggcagccatggagcgtcaagttccatatactccttgttctggcctgtacggtactgcacagtgctgt
gcgacggatgttctgggtgtggcggatctggattgcgctaacccgccggctactctggcaaacgcc
actcacttcgaatctacctgcgcagcaattggccagcgtgcacgctgttgcgtactgccaatcctggg
tcaggacattctgtgccaaacgccggcgggtctgGGATgttcGCAGGTGGGATCCT
GACCTGAGACGGCATgatccagtaatgacctcagaa 

NC2 insert 
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Table A-3 Gblocks used in this work (continued) 

Gblock Sequence Purpose 
MTK-G018 agcggataacaatttcacacagGCATCGTCTCATCCACCTGCgtacTAGTattc

cgcgtactgataccccgtcttgttctactggttccctgcagtgctgttcctccgtacagaaggctactga
tccgctggcttctctgctgatcggcctgctgggcattgttctgggtccgctggacctgctggttggtgtc
acctgtagcccaattactgtaattggcgttggtggcacttcctgcactcagcaaactgtatgctgtaccg
gcaacagctttaacggtctgatcgctatcggttgtagcccaatcaacatctctctgGGATgttcGC
AGGTGGGATCCTGACCTGAGACGGCATgatccagtaatgacctcagaa 

Vmh2-version 1 
insert 

MTK-G019 agcggataacaatttcacacagGCATCGTCTCATCCACCTGCgtacTAGTattc
cacgtaccgacaccccttcctgttctaccggttctctgcaatgctgtagcagcgtgcagaaagcgtct
gaccctctggtgggcattatcgtggcgctgctgggtatcgttctgggtccgctggatctgaacgttggt
ctgacgtgcagcccgatcaccgttattggtgtaggtggtacctcctgtactcagcagaccgtttgctgt
acgggtaacaactttaatggcctgatcgtggctggctgctctcctattaacatcggcctgGGATgtt
cGCAGGTGGGATCCTGACCTGAGACGGCATgatccagtaatgacctcag
aa 

Vmh2-version 2 
insert 

MTK-G020 agcggataacaatttcacacagGAATTCGAGCTCGGTACCTTTGAGGTTA
TGATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTAT
TACTCGCGGCCCAGCCGGCCATGGCGcatcaccaccatcaccatACTA
GTgatccagtaatgacctcagaa 

6xHis tag, to 
replace FLAG 
tag. 

MTK-G021 agcggataacaatttcacacagGAATTCGAGCTCGGTACCTTTGAGGTTA
TGATGAAATACCTATTGCCTACGGCAGCCGCTGGATTGTTAT
TACTCGCGGCCCAGCCGGCCATGGCGgaacaaaaattgatttccgaggaag
atcttACTAGTgatccagtaatgacctcagaa 

Myc tag, to 
replace FLAG tag 

Type4Term gcatcgtctcatcggtctcaatcctaactcgagCACATCAGCCAGTGGAAGCCG
AAGGTCCCGAACCGCGAGGACAAATACAAGAAGTAAagcggat
aacaatttcacacagATAAAACGAAAGGCTCAGTCGAAAGACTGGGC
CTTTCGTTTTATgatccagtaatgacctcagaaGCTGTGAGACCTGAGAC
GGCAT 

Block 4 of figure 
1. rrnB_T1 
terminator cloned 
as a Type 4 part 
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List of Symbols, Abbreviations, and Acronyms 

ARL Army Research Laboratory 

ATP  adenosine triphosphate 

BSA bovine serum albumin  

CIP calf intestinal phosphatase 

DEVCOM US Army Combat Capabilities Development Command 

DI deionized  

Gblocks gene blocks 

GFP green-fluorescent protein 

GYT glycerol-yeast-tryptone 

HDPE  high-density polyethylene 

HPLC  high-performance liquid chromatography 

IDT  Integrated DNA Technologies 

LB  lysogeny broth 

MgCl2 magnesium chloride  

MgSO4 magnesium sulfate  

MoClo Modular Cloning  

NaCl  sodium chloride 

NEB New England Biolabs 

OD optical density  

PBS phosphate-buffered saline  

PCR  polymerase chain reaction 

SOC super-optimal broth with catabolite repression  
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 1 DEFENSE TECHNICAL 
 (PDF) INFORMATION CTR 
  DTIC OCA 
 
 1 DEVCOM ARL 
 (PDF) FCDD RLD DCI 
   TECH LIB 
 
 4 DEVCOM ARL 
 (PDF) FCDD RLW MG 
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LOCUS       Exported                 199 bp ds-DNA     linear   UNA 11-AUG-2021

DEFINITION  .

ACCESSION   .

VERSION     .

KEYWORDS    .

SOURCE      natural DNA sequence

  ORGANISM  unspecified

REFERENCE   1  (bases 1 to 199)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

FEATURES             Location/Qualifiers

     source          1..199

                     /organism="unspecified"

                     /mol_type="genomic DNA"

     misc_feature    1..33

                     /locus_tag="Type 4 end"

                     /label=Type 4 end

                     /note="color: #00ffff"

     misc_feature    91..112

                     /locus_tag="pQE-fwd"

                     /label=pQE-fwd

                     /note="color: #00ffff"

     misc_feature    113..156

                     /locus_tag="rrnB_T1 terminator"

                     /label=rrnB_T1 terminator

                     /note="color: #af0850"

     misc_feature    157..177

                     /locus_tag="pQE rev site"

                     /label=pQE rev site

                     /note="color: #00ffff"

ORIGIN

        1 gcatcgtctc atcggtctca atcctaactc gagcacatca gccagtggaa gccgaaggtc

       61 ccgaaccgcg aggacaaata caagaagtaa agcggataac aatttcacac agataaaacg

      121 aaaggctcag tcgaaagact gggcctttcg ttttatgatc cagtaatgac ctcagaagct

      181 gtgagacctg agacggcat

//




LOCUS       mtk_g005_HfbII_f         321 bp    DNA        linear       04-SEP-2020

DEFINITION  .

ACCESSION   

VERSION     

SOURCE      .

  ORGANISM  .

COMMENT     NNN is where your Gblock goes, in frame (in other words, it's 45xN,

            and the Ns in the final product are in-frame just as they are. 

COMMENT     This is designed so that you can amplify the Gblock using pQE-for

            and pQE-rev, and enter the part in an entry vector. 

COMMENT     ApEinfo:methylated:1

FEATURES             Location/Qualifiers

     misc_feature    1..22

                     /locus_tag="pQE forward primer"

                     /label="pQE forward primer"

                     /ApEinfo_label="pQE forward primer"

                     /ApEinfo_fwdcolor="cyan"

                     /ApEinfo_revcolor="green"

                     /ApEinfo_graphicformat="arrow_data {{0 0.5 0 1 2 0 0 -1 0

                     -0.5} {} 0} width 5 offset 0"

     misc_feature    301..321

                     /locus_tag="pQE reverse primer"

                     /label="pQE reverse primer"

                     /ApEinfo_label="pQE reverse primer"

                     /ApEinfo_fwdcolor="cyan"

                     /ApEinfo_revcolor="green"

                     /ApEinfo_graphicformat="arrow_data {{0 0.5 0 1 2 0 0 -1 0

                     -0.5} {} 0} width 5 offset 0"

     misc_feature    36..42

                     /locus_tag="AarI recognition"

                     /label="AarI recognition"

                     /ApEinfo_label="AarI recognition"

                     /ApEinfo_fwdcolor="#ff0000"

                     /ApEinfo_revcolor="green"

                     /ApEinfo_graphicformat="arrow_data {{0 0.5 0 1 2 0 0 -1 0

                     -0.5} {} 0} width 5 offset 0"

     misc_feature    272..278

                     /locus_tag="AarI recognition site"

                     /label="AarI recognition site"

                     /ApEinfo_label="AarI recognition site"

                     /ApEinfo_fwdcolor="#ff0000"

                     /ApEinfo_revcolor="green"

                     /ApEinfo_graphicformat="arrow_data {{0 0.5 0 1 2 0 0 -1 0

                     -0.5} {} 0} width 5 offset 0"

ORIGIN

        1 agcggataac aatttcacac agGCATCGTC TCATCCACCT GCgtacTAGT gctgtatgtc

       61 caactggtct gttctctaat ccgctgtgtt gcgcgactaa cgtcctggat ctgattggcg

      121 tggactgcaa aacgcctact atcgctgttg acactggtgc tatcttccag gctcactgcg

      181 cgagcaaagg ttccaaaccg ctgtgctgcg ttgcaccagt tgcagaccag gccctgctgt

      241 gccagaaagc aatcggcacc tttGGATgtt cGCAGGTGGG ATCCTGACCT GAGACGGCAT

      301 gatccagtaa tgacctcaga a   

//




LOCUS       mtk_g007_Sc3_for         441 bp    DNA        linear       04-SEP-2020

DEFINITION  .

ACCESSION   

VERSION     

SOURCE      .

  ORGANISM  .

COMMENT     NNN is where your Gblock goes, in frame (in other words, it's 45xN,

            and the Ns in the final product are in-frame just as they are. 

COMMENT     This is designed so that you can amplify the Gblock using pQE-for

            and pQE-rev, and enter the part in an entry vector. 

COMMENT     ApEinfo:methylated:1

FEATURES             Location/Qualifiers

     misc_feature    1..22

                     /locus_tag="pQE forward primer"

                     /label="pQE forward primer"

                     /ApEinfo_label="pQE forward primer"

                     /ApEinfo_fwdcolor="cyan"

                     /ApEinfo_revcolor="green"

                     /ApEinfo_graphicformat="arrow_data {{0 0.5 0 1 2 0 0 -1 0

                     -0.5} {} 0} width 5 offset 0"

     misc_feature    421..441

                     /locus_tag="pQE reverse primer"

                     /label="pQE reverse primer"

                     /ApEinfo_label="pQE reverse primer"

                     /ApEinfo_fwdcolor="cyan"

                     /ApEinfo_revcolor="green"

                     /ApEinfo_graphicformat="arrow_data {{0 0.5 0 1 2 0 0 -1 0

                     -0.5} {} 0} width 5 offset 0"

     misc_feature    36..42

                     /locus_tag="AarI recognition"

                     /label="AarI recognition"

                     /ApEinfo_label="AarI recognition"

                     /ApEinfo_fwdcolor="#ff0000"

                     /ApEinfo_revcolor="green"

                     /ApEinfo_graphicformat="arrow_data {{0 0.5 0 1 2 0 0 -1 0

                     -0.5} {} 0} width 5 offset 0"

     misc_feature    392..398

                     /locus_tag="AarI recognition site"

                     /label="AarI recognition site"

                     /ApEinfo_label="AarI recognition site"

                     /ApEinfo_fwdcolor="#ff0000"

                     /ApEinfo_revcolor="green"

                     /ApEinfo_graphicformat="arrow_data {{0 0.5 0 1 2 0 0 -1 0

                     -0.5} {} 0} width 5 offset 0"

ORIGIN

        1 agcggataac aatttcacac agGCATCGTC TCATCCACCT GCgtacTAGT atgtttgcgc

       61 gtctgcctgt tgtctttctg tacgcgtttg tagcgttcgg tgcgctggtt gctgcgctgc

      121 cgggcggcca cccgggcact tgtaccacgg gttctctgag ctgctgtaac caggtgcaga

      181 gcgcgagcag ctccccggta acggctctgc tgggcctgct gggtatcgtt ctgtccgacc

      241 tgaatgttct ggtgggcatc agctgctctc cgctgaccgt tatcggtgtg ggtggctccg

      301 gttgctctgc tcagactgtt tgctgcgaaa acacccagtt caacggcctg atcaacatcg

      361 gctgtacccc gatcaacatt ctgGGATgtt cGCAGGTGGG ATCCTGACCT GAGACGGCAT

      421 gatccagtaa tgacctcaga a   

//




LOCUS       Exported                 459 bp ds-DNA     linear   UNA 11-AUG-2021

DEFINITION  .

ACCESSION   .

VERSION     .

KEYWORDS    .

SOURCE      natural DNA sequence

  ORGANISM  unspecified

REFERENCE   1  (bases 1 to 459)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

COMMENT     NNN is where your Gblock goes, in frame (in other words, it's 45xN, 

            and the Ns in the final product are in-frame just as they are.

            This is designed so that you can amplify the Gblock using pQE-for 

            and pQE-rev, and enter the part in an entry vector.

FEATURES             Location/Qualifiers

     source          1..459

                     /organism="unspecified"

                     /mol_type="genomic DNA"

     misc_feature    1..22

                     /locus_tag="pQE forward primer"

                     /label=pQE forward primer

                     /note="color: #00ffff"

     misc_feature    36..42

                     /locus_tag="AarI recognition"

                     /label=AarI recognition

                     /note="color: #ff0000"

     misc_feature    410..416

                     /locus_tag="AarI recognition site"

                     /label=AarI recognition site

                     /note="color: #ff0000"

     misc_feature    439..459

                     /locus_tag="pQE reverse primer"

                     /label=pQE reverse primer

                     /note="color: #00ffff"

ORIGIN

        1 agcggataac aatttcacac aggcatcgtc tcatccacct gcgtactagt ctgcctgctt

       61 ctgctgctaa aaacgctaaa ctggccacct ctgcagcttt tgcgaagcag gcggaaggta

      121 ctacgtgcaa cgttggctct attgcgtgct gtaactctcc tgccgagacc aacaacgata

      181 gcctgctgag cggtctgctg ggtgctggtc tgctgaacgg cctgagcggt aatacgggta

      241 gcgcttgtgc caaagccagc ctgattgatc agctgggtct gctggccctg gttgatcata

      301 ccgaagaggg tccagtttgt aaaaacattg ttgcttgttg cccggaaggt accacgaatt

      361 gcgtagctgt tgataacgct ggtgcgggta ccaaagcaga aggatgttcg caggtgggat

      421 cctgacctga gacggcatga tccagtaatg acctcagaa

//




LOCUS       Exported                 348 bp ds-DNA     linear   UNA 11-AUG-2021

DEFINITION  .

ACCESSION   .

VERSION     .

KEYWORDS    .

SOURCE      natural DNA sequence

  ORGANISM  unspecified

REFERENCE   1  (bases 1 to 348)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

COMMENT     NNN is where your Gblock goes, in frame (in other words, it's 45xN, 

            and the Ns in the final product are in-frame just as they are.

            This is designed so that you can amplify the Gblock using pQE-for 

            and pQE-rev, and enter the part in an entry vector.

FEATURES             Location/Qualifiers

     source          1..348

                     /organism="unspecified"

                     /mol_type="genomic DNA"

     misc_feature    1..22

                     /locus_tag="pQE forward primer"

                     /label=pQE forward primer

                     /note="color: #00ffff"

     misc_feature    36..42

                     /locus_tag="AarI recognition"

                     /label=AarI recognition

                     /note="color: #ff0000"

     misc_feature    299..305

                     /locus_tag="AarI recognition site"

                     /label=AarI recognition site

                     /note="color: #ff0000"

     misc_feature    328..348

                     /locus_tag="pQE reverse primer"

                     /label=pQE reverse primer

                     /note="color: #00ffff"

ORIGIN

        1 agcggataac aatttcacac aggcatcgtc tcatccacct gcgtactagt gcaccggcag

       61 ccatggagcg tcaagttcca tatactcctt gttctggcct gtacggtact gcacagtgct

      121 gtgcgacgga tgttctgggt gtggcggatc tggattgcgc taacccgccg gctactctgg

      181 caaacgccac tcacttcgaa tctacctgcg cagcaattgg ccagcgtgca cgctgttgcg

      241 tactgccaat cctgggtcag gacattctgt gccaaacgcc ggcgggtctg ggatgttcgc

      301 aggtgggatc ctgacctgag acggcatgat ccagtaatga cctcagaa

//




LOCUS       Exported                 378 bp ds-DNA     linear   UNA 11-AUG-2021

DEFINITION  .

ACCESSION   .

VERSION     .

KEYWORDS    .

SOURCE      natural DNA sequence

  ORGANISM  unspecified

REFERENCE   1  (bases 1 to 378)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

COMMENT     NNN is where your Gblock goes, in frame (in other words, it's 45xN, 

            and the Ns in the final product are in-frame just as they are.

            This is designed so that you can amplify the Gblock using pQE-for 

            and pQE-rev, and enter the part in an entry vector.

FEATURES             Location/Qualifiers

     source          1..378

                     /organism="unspecified"

                     /mol_type="genomic DNA"

     misc_feature    1..22

                     /locus_tag="pQE forward primer"

                     /label=pQE forward primer

                     /note="color: #00ffff"

     misc_feature    36..42

                     /locus_tag="AarI recognition"

                     /label=AarI recognition

                     /note="color: #ff0000"

     misc_feature    329..335

                     /locus_tag="AarI recognition site"

                     /label=AarI recognition site

                     /note="color: #ff0000"

     misc_feature    358..378

                     /locus_tag="pQE reverse primer"

                     /label=pQE reverse primer

                     /note="color: #00ffff"

ORIGIN

        1 agcggataac aatttcacac aggcatcgtc tcatccacct gcgtactagt attccgcgta

       61 ctgatacccc gtcttgttct actggttccc tgcagtgctg ttcctccgta cagaaggcta

      121 ctgatccgct ggcttctctg ctgatcggcc tgctgggcat tgttctgggt ccgctggacc

      181 tgctggttgg tgtcacctgt agcccaatta ctgtaattgg cgttggtggc acttcctgca

      241 ctcagcaaac tgtatgctgt accggcaaca gctttaacgg tctgatcgct atcggttgta

      301 gcccaatcaa catctctctg ggatgttcgc aggtgggatc ctgacctgag acggcatgat

      361 ccagtaatga cctcagaa

//




LOCUS       Exported                 378 bp ds-DNA     linear   UNA 11-AUG-2021

DEFINITION  .

ACCESSION   .

VERSION     .

KEYWORDS    .

SOURCE      natural DNA sequence

  ORGANISM  unspecified

REFERENCE   1  (bases 1 to 378)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

COMMENT     NNN is where your Gblock goes, in frame (in other words, it's 45xN, 

            and the Ns in the final product are in-frame just as they are.

            This is designed so that you can amplify the Gblock using pQE-for 

            and pQE-rev, and enter the part in an entry vector.

FEATURES             Location/Qualifiers

     source          1..378

                     /organism="unspecified"

                     /mol_type="genomic DNA"

     misc_feature    1..22

                     /locus_tag="pQE forward primer"

                     /label=pQE forward primer

                     /note="color: #00ffff"

     misc_feature    36..42

                     /locus_tag="AarI recognition"

                     /label=AarI recognition

                     /note="color: #ff0000"

     misc_feature    329..335

                     /locus_tag="AarI recognition site"

                     /label=AarI recognition site

                     /note="color: #ff0000"

     misc_feature    358..378

                     /locus_tag="pQE reverse primer"

                     /label=pQE reverse primer

                     /note="color: #00ffff"

ORIGIN

        1 agcggataac aatttcacac aggcatcgtc tcatccacct gcgtactagt attccacgta

       61 ccgacacccc ttcctgttct accggttctc tgcaatgctg tagcagcgtg cagaaagcgt

      121 ctgaccctct ggtgggcatt atcgtggcgc tgctgggtat cgttctgggt ccgctggatc

      181 tgaacgttgg tctgacgtgc agcccgatca ccgttattgg tgtaggtggt acctcctgta

      241 ctcagcagac cgtttgctgt acgggtaaca actttaatgg cctgatcgtg gctggctgct

      301 ctcctattaa catcggcctg ggatgttcgc aggtgggatc ctgacctgag acggcatgat

      361 ccagtaatga cctcagaa

//




LOCUS       Exported                3090 bp ds-DNA     circular SYN 11-AUG-2021

DEFINITION  Low-copy TU2 GFP-DO.

ACCESSION   urn.local...tt-cradhhi

VERSION     .

KEYWORDS    .

SOURCE      synthetic DNA construct

  ORGANISM  synthetic DNA construct

REFERENCE   1  (bases 1 to 3090)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

FEATURES             Location/Qualifiers

     source          1..3090

                     /organism="synthetic DNA construct"

                     /mol_type="other DNA"

     misc_feature    20..162

                     /label=Con1

                     /note="/Transferred_From=pYTK003, pYTK067"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #fffd6c"

     misc_feature    163..168

                     /label=BsmBI

                     /note="Geneious type: restriction site"

                     /note="/Recognition_pattern=CGTCTC(1/5)"

                     /note="/annotation_group=CGTCTC"

                     /note="color: #a6acb3"

     misc_feature    170..194

                     /label=Con1 scar

                     /note="/Transferred_From=pYTK003"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #fffd6c"

     misc_feature    complement(200..205)

                     /label=BsaI

                     /note="Geneious type: restriction site"

                     /note="/Recognition_pattern=GGTCTC(1/5)"

                     /note="/annotation_group=GGTCTC"

                     /note="color: #a6acb3; direction: LEFT"

     promoter        206..335

                     /label=BBa_J72163 GlpT Promoter

                     /note="/Transferred_From=pYTK001, pYTK047, pYTK050, 

                     pYTK095,pYTK096"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #9eff91"

     RBS             336..371

                     /label=sfGFP Ribosome Binding Site

                     /note="/Transferred_From=pYTK001, pYTK047, pYTK050, 

                     pYTK095,pYTK096"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #9eff91"

     CDS             372..1088

                     /label=sfGFP

                     /note="/Transferred_From=pYTK001, pYTK047, pYTK050, 

                     pYTK095,pYTK096"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #34ff03; direction: RIGHT"

     terminator      1089..1217

                     /label=BBa_B0015 Terminator

                     /note="/Transferred_From=pYTK001, pYTK047, pYTK050, 

                     pYTK083,pYTK084, pYTK085, pYTK089, pYTK090, pYTK091, 

                     pYTK095, pYTK096"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #9eff91"

     terminator      1184..1203

                     /label=stem_loop_early_T7 term

                     /note="/Imported_from=Pla sMapper"

                     /note="/Transferred_From=stem_loop_early_T7 term"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #ffffff"

     misc_feature    1218..1223

                     /label=BsaI

                     /note="Geneious type: restriction site"

                     /note="/Recognition_pattern=GGTCTC(1/5)"

                     /note="/annotation_group=GGTCTC"

                     /note="color: #a6acb3"

     misc_feature    complement(1234..1239)

                     /label=BsmBI

                     /note="Geneious type: restriction site"

                     /note="/Methylation=CpG:some blocked, EcoBI:impaired"

                     /note="/Recognition_pattern=CGTCTC(1/5)"

                     /note="/annotation_group=CGTCTC"

                     /note="color: #a6acb3; direction: LEFT"

     misc_feature    1240..1382

                     /label=Con2

                     /note="/Transferred_From=pYTK004, pYTK068"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #fffd6c"

     promoter        1402..1532

                     /label=AmpR Promoter

                     /note="/Transferred_From=pYTK083, pYTK089, pYTK095"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #ff6666"

     promoter        1463..1491

                     /label=amp prom

                     /note="/Imported_from=Pla sMapper"

                     /note="/Transferred_From=amp prom"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #ffffff"

     CDS             1533..2390

                     /label=AmpR

                     /note="/Transferred_From=pYTK083, pYTK089, pYTK095"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #9f4240; direction: RIGHT"

     terminator      2391..2487

                     /label=AmpR Terminator

                     /note="/Transferred_From=pYTK083, pYTK089, pYTK095"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #ff6666"

     misc_feature    2488..2491

                     /label=5' Overhang

                     /label=nonstandard type: overhang

                     /note="/created_by=User"

                     /note="color: #a6acb3"

     rep_origin      2494..3039

                     /direction=RIGHT

                     /label=p15A ori

                     /note="Plasmids containing the medium-copy-number 

                     p15Aorigin of replication can be propagated in E. coli 

                     cells that contain a second plasmid with the ColE1 origin."

                     /note="/Transferred_From=pSW002-PpsbA-DsRedExpress2, 

                     pSW003"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #ffff00"

     misc_feature    2494..3039

                     /label=p15A

                     /note="/Transferred_From=AmyE-DO, DO-2-3a-3b-4 

                     practice,RMJpractice DO, RMJpractice DO - pYTK001 - High - 

                     Type 2 Pspank-lacO-spoVG RBS 2 - pYTK001 - High - Type 3a 

                     amyQ - pYTK001 - High - Type 3b new BsTK bgaB - pYTK001 - 

                     High - Type 4  amyA, TU1 Med, TU1R Med, TU2 Med"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #d6b295"

     misc_feature    complement(2722..2741)

                     /label=JP.p15A-F

                     /note="/Transferred_From=AmyE-DO, DO-2-3a-3b-4 

                     practice,RMJpractice DO, RMJpractice DO - pYTK001 - High - 

                     Type 2 Pspank-lacO-spoVG RBS 2 - pYTK001 - High - Type 3a 

                     amyQ - pYTK001 - High - Type 3b new BsTK bgaB - pYTK001 - 

                     High - Type 4  amyA, TU1 Med, TU1R Med, TU2 Med, TU2R Med, 

                     TU3 Med, TU3R Med, TU4 Med, TU4R Med, TU5 Med, TU5R Med, 

                     TU6 Med, TU6R Med"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #85dae9; direction: LEFT"

     primer_bind     complement(2746..2771)

                     /label=JG.pBR322.R

                     /note="color: black; sequence: CGCCTTATCCGGTAACTATCGTCTTG"

     primer_bind     2746..2771

                     /label=JG.pBR322.F

                     /note="color: black; sequence: CAAGACGATAGTTACCGGATAAGGCG"

     misc_feature    complement(2807..2818)

                     /label=G4 box

                     /label=nonstandard type: Site

                     /note="G4 box"

                     /note="/Transferred_From=WP_017680405, 

                     WP_040275832,WP_048772933"

                     /note="/Transferred_Translation_Similarity=100.00%"

                     /note="/site_type=other"

                     /note="color: #a6acb3; direction: LEFT"

                     /db_xref="CDD:206648"

     primer_bind     complement(3018..3028)

                     /label=PS6

                     /note="/Transferred_From=Exported"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #a020f0; direction: LEFT"

     misc_feature    3023..3042

                     /label=Redesign RMJ universal F 132

                     /note="/Transferred_From=pYTK001 - High, pYTK001 - High - 

                     Type2aa BDP template, pYTK001 - High - Type 3-4R GFP 

                     (reversed)"

                     /note="/Transferred_Similarity=100.00%"

                     /note="/created_by=randi.m.pullen"

                     /note="color: #a6acb3"

     misc_feature    3083..3090

                     /label=NotI

                     /note="Geneious type: restriction site"

                     /note="/Methylation=CpG:variable"

                     /note="/Recognition_pattern=GC^GGCCGC"

                     /note="/annotation_group=GCGGCCGC"

                     /note="color: #a6acb3"

ORIGIN

        1 ccctgaattc gcatctagaa cggggtcatc acggctcatc atgcgccaaa caaatgtgtg

       61 caatacacgc tcggatgact gcatgatgac cgcactgact ggggacagca gatccaccta

      121 agcctgtgag agaagcagac acccgacaga tcaaggcagt tacgtctcac caaaccagat

      181 gtcaacacag ctacaacgtg agaccgaaag tgaaacgtga tttcatgcgt cattttgaac

      241 attttgtaaa tcttatttaa taatgtgtgc ggcaattcac atttaattta tgaatgtttt

      301 cttaacatcg cggcaactca agaaacggca ggttcggatc ttagctacta gagaaagagg

      361 agaaatacta gatgcgtaaa ggcgaagagc tgttcactgg tgtcgtccct attctggtgg

      421 aactggatgg tgatgtcaac ggtcataagt tttccgtgcg tggcgagggt gaaggtgacg

      481 caactaatgg taaactgacg ctgaagttca tctgtactac tggtaaactg ccggttcctt

      541 ggccgactct ggtaacgacg ctgacttatg gtgttcagtg ctttgctcgt tatccggacc

      601 atatgaagca gcatgacttc ttcaagtccg ccatgccgga aggctatgtg caggaacgca

      661 cgatttcctt taaggatgac ggcacgtaca aaacgcgtgc ggaagtgaaa tttgaaggcg

      721 ataccctggt aaaccgcatt gagctgaaag gcattgactt taaagaggac ggcaatatcc

      781 tgggccataa gctggaatac aattttaaca gccacaatgt ttacatcacc gccgataaac

      841 aaaaaaatgg cattaaagcg aattttaaaa ttcgccacaa cgtggaggat ggcagcgtgc

      901 agctggctga tcactaccag caaaacactc caatcggtga tggtcctgtt ctgctgccag

      961 acaatcacta tctgagcacg caaagcgttc tgtctaaaga tccgaacgag aaacgcgatc

     1021 atatggttct gctggagttc gtaaccgcag cgggcatcac gcatggtatg gatgaactgt

     1081 acaaatgacc aggcatcaaa taaaacgaaa ggctcagtcg aaagactggg cctttcgttt

     1141 tatctgttgt ttgtcggtga acgctctcta ctagagtcac actggctcac cttcgggtgg

     1201 gcctttctgc gtttataggt ctcagctgga tgtgagacga taaatcgcag ccaagtgagt

     1261 gaatagatga cgcaccacgg tcagacacgg ccacatcgta tctcacagga gcaagcgcga

     1321 taggagcact cacacatagt acggtgatcc gctgactcct ttgcccaaat aagacgtgag

     1381 ccactagtgc actgcagtac acaggtggca cttttcgggg aaatgtgcgc ggaaccccta

     1441 tttgtttatt tttctaaata cattcaaata tgtatccgct catgagacaa taaccctgat

     1501 aaatgcttca ataatattga aaaaggaaga gtatgagtat tcaacatttc cgtgtcgccc

     1561 ttattccctt ttttgcggca ttttgccttc ctgtttttgc tcacccagaa acgctggtga

     1621 aagtaaaaga tgctgaagat cagttgggtg cacgagtggg ttacatcgaa ctggatctca

     1681 acagcggtaa gatccttgag agttttcgcc ccgaagaacg ttttccaatg atgagcactt

     1741 ttaaagttct gctatgtggc gcggtattat cccgtattga cgccgggcaa gagcaactcg

     1801 gtcgccgcat acactattct cagaatgact tggttgagta ctcaccagtc acagaaaagc

     1861 atcttacgga tggcatgaca gtaagagaat tatgcagtgc tgccataacc atgagtgata

     1921 acactgcggc caacttactt ctgacaacga tcggaggacc gaaggagcta accgcttttt

     1981 tgcacaacat gggggatcat gtaactcgcc ttgatcgttg ggaaccggag ctgaatgaag

     2041 ccataccaaa cgacgagcgt gacaccacga tgcctgtagc aatggcaaca acgttgcgca

     2101 aactattaac tggcgaacta cttactctag cttcccggca acaattaata gactggatgg

     2161 aggcggataa agttgcagga ccacttctgc gctcggccct tccggctggc tggtttattg

     2221 ctgataaatc tggagccggt gagcgtgggt cccgcggtat cattgcagca ctggggccag

     2281 atggtaagcc ctcccgtatc gtagttatct acacgacggg gagtcaggca actatggatg

     2341 aacgaaatag acagatcgct gagataggtg cctcactgat taagcattgg taactgtcag

     2401 accaagttta ctcatatata ctttagattg atttaaaact tcatttttaa tttaaaagga

     2461 tctaggtgaa gatccttttt gataatcccg agcttgagat cgttttggtc tgcgcgtaat

     2521 ctcttgctct gaaaacgaaa aaaccgcctt gcagggcggt ttttcgaagg ttctctgagc

     2581 taccaactct ttgaaccgag gtaactggct tggaggagcg cagtcaccaa aacttgtcct

     2641 ttcagtttag ccttaaccgg cgcatgactt caagactaac tcctctaaat caattaccag

     2701 tggctgctgc cagtggtgct tttgcatgtc tttccgggtt ggactcaaga cgatagttac

     2761 cggataaggc gcagcggtcg gactgaacgg ggggttcgtg catacagtcc agcttggagc

     2821 gaactgccta cccggaactg agtgtcaggc gtggaatgag acaaacgcgg ccataacagc

     2881 ggaatgacac cggtaaaccg aaaggcagga acaggagagc gcacgaggga gccgccaggg

     2941 ggaaacgcct ggtatcttta tagtcctgtc gggtttcgcc accactgatt tgagcgtcag

     3001 atttcgtgat gcttgtcagg ggggcggagc ctatggaaaa acggctttgc cgcggccctc

     3061 tcacttccct gttaagtatc ttgcggccgc

//




LOCUS       Exported                5992 bp ds-DNA     circular SYN 11-AUG-2021

DEFINITION  eCPX.

ACCESSION   urn.local...1z-a5zse6m

VERSION     .

KEYWORDS    .

SOURCE      synthetic DNA construct

  ORGANISM  synthetic DNA construct

REFERENCE   1  (bases 1 to 5992)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

COMMENT     >pDSJR Compiled SequenceCOMMENT                         COMMENT 

            ApEinfo:methylated:1.

FEATURES             Location/Qualifiers

     source          1..5992

                     /organism="synthetic DNA construct"

                     /mol_type="other DNA"

                     /note="color: #ffffff"

     misc_feature    51..119

                     /standard_name="Signal Peptide"

                     /label=Signal Peptide

                     /note="color: #a6acb3"

     misc_feature    51..53

                     /standard_name="Start eCPX"

                     /label=Start eCPX

                     /note="color: #a6acb3"

     misc_feature    120..701

                     /standard_name="Mature eCPX"

                     /label=Mature eCPX

                     /note="color: #a6acb3"

     misc_feature    120..134

                     /standard_name="N-terminus-GTSGQ"

                     /label=N-terminus-GTSGQ

                     /note="color: #a6acb3"

     misc_feature    135..142

                     /standard_name="Post-Peptide Insert"

                     /label=Post-Peptide Insert

                     /note="color: #a6acb3"

     misc_feature    564..575

                     /standard_name="BbsI"

                     /label=BbsI

                     /note="color: #a6acb3"

     misc_feature    645..701

                     /standard_name="P2X Peptide (C-term)"

                     /label=P2X Peptide (C-term)

                     /note="color: #a6acb3"

     misc_feature    699..701

                     /standard_name="Stop eCPX"

                     /label=Stop eCPX

                     /note="color: #a6acb3"

     misc_feature    1684..2139

                     /standard_name="f1 ori"

                     /label=f1 ori

                     /note="color: #a6acb3"

     misc_feature    complement(2695..3354)

                     /standard_name="CmR"

                     /label=CmR

                     /note="color: #a6acb3; direction: LEFT"

     misc_feature    complement(3355..3457)

                     /standard_name="cat promoter"

                     /label=cat promoter

                     /note="color: #a6acb3; direction: LEFT"

     misc_feature    complement(3983..4528)

                     /standard_name="p15A ori"

                     /label=p15A ori

                     /note="color: #a6acb3; direction: LEFT"

     misc_feature    complement(4803..5681)

                     /standard_name="araC"

                     /label=araC

                     /note="color: #a6acb3; direction: LEFT"

     misc_feature    5708..5992

                     /standard_name="araBAD promoter"

                     /label=araBAD promoter

                     /note="color: #a6acb3"

ORIGIN

        1 acccgttttt ttgggctagc gaattcgagc tcggtacctt tgaggtggtt atgaaaaaaa

       61 ttgcatgtct ttcagcactg gccgcagttc tggctttcac cgcaggtact tccgtagctg

      121 ggacgtctgg ccagggctcg agcggtggca gcggtggctc tggtggttcc ggtgactaca

      181 acaaaaacca gtactacggc atcactgctg gtccggctta ccgcattaac gactgggcaa

      241 gcatctacgg tgtagtgggt gtgggttatg gtaaattcca gaccactgaa tacccgacct

      301 acaaacacga caccagcgac tacggtttct cctacggtgc gggtctgcag ttcaacccga

      361 tggaaaacgt tgctctggac ttctcttacg agcagagccg tattcgtagc gttgacgtag

      421 gcacctggat tctgtccgtt ggttaccgct tcggctccaa atcccgccgt gcgacttcta

      481 ctgtaactgg cggttacgca cagagcgacg ctcagggcca aatgaacaaa atgggcggtt

      541 tcaacctgaa ataccgctat gaagaagaca acagcccgct gggtgtgatc ggttctttca

      601 cttacaccga gaaaagccgt actgcaagcg gccaaggtgg ccaacacatc agccagtgga

      661 agccgaaggt cccgaaccgc gaggacaaat acaagaagta acaagcttgg ctgttttggc

      721 ggatgagaga agattttcag cctgatacag attaaatcag aacgcagaag cggtctgata

      781 aaacagaatt tgcctggcgg cagtagcgcg gtggtcccac ctgaccccat gccgaactca

      841 gaagtgaaac gccgtagcgc cgatggtagt gtggggtctc cccatgcgag agtagggaac

      901 tgccaggcat caaataaaac gaaaggctca gtcgaaagac tgggcctttc gttttatctg

      961 ttgtttgtcg gtgaacgctc tcctgagtag gacaaatccg ccgggagcgg atttgaacgt

     1021 tgcgaagcaa cggcccggag ggtggcgggc aggacgcccg ccataaactg ccaggcatca

     1081 aattaagcag aaggccatcc tgacggatgg cctttttgcg tttctacaaa ctcttttgtt

     1141 tatttttcta aatacattca aatatgtatc cgctcatgag acaataaccc tgataaatgc

     1201 ttcaataata ttgaaaaagg aagagtatga gtattcaaca tttccgtgtc gcccttattc

     1261 ccttttttgc ggcattttgc cttcctgttt ttgctcaccc agaaacgctg gtgaaagtaa

     1321 aagatgctga agatcagttg ggtgcagcaa actattaact ggcgaactac ttactctagc

     1381 ttcccggcaa caattaatag actggatgga ggcggataaa gttgcaggac cacttctgcg

     1441 ctcggccctt ccggctggct ggtttattgc tgataaatct ggagccggtg agcgtgggtc

     1501 tcgcggtatc attgcagcac tggggccaga tggtaagccc tcccgtatcg tagttatcta

     1561 cacgacgggg agtcaggcaa ctatggatga acgaaataga cagatcgctg agataggtgc

     1621 ctcactgatt aagcattggt aactgtcaga ccaagtttac tcatatatac tttagattga

     1681 tttacgcgcc ctgtagcggc gcattaagcg cggcgggtgt ggtggttacg cgcagcgtga

     1741 ccgctacact tgccagcgcc ctagcgcccg ctcctttcgc tttcttccct tcctttctcg

     1801 ccacgttcgc cggctttccc cgtcaagctc taaatcgggg gctcccttta gggttccgat

     1861 ttagtgcttt acggcacctc gaccccaaaa aacttgattt gggtgatggt tcacgtagtg

     1921 ggccatcgcc ctgatagacg gtttttcgcc ctttgacgtt ggagtccacg ttctttaata

     1981 gtggactctt gttccaaact ggaacaacac tcaaccctat ctcgggctat tcttttgatt

     2041 tataagggat tttgccgatt tcggcctatt ggttaaaaaa tgagctgatt taacaaaaat

     2101 ttaacgcgaa ttttaacaaa atattaacgt ttacaattta aaaggatcta ggtgaagatc

     2161 ctttttgata atctcatgac caaaatccct taacgtgagt tttcgttcca ctgagcgtca

     2221 gaccccgtag aaaagatcaa aggatcttct tgagatcctt tttttctgcg cgtaatctgc

     2281 tgcttgcaaa caaaaaaacc accgctacca gcggtggttt gtttgccgga tcaagagcta

     2341 ccaactcttt ttccgaaggt aactggcttc agcagagcgc agataccaaa tactgtcctt

     2401 ctagtgtagc cgtagttagg ccaccacttc aagaactctg tagcaccgcc tacatacctc

     2461 gctctgctaa tcctgttacc agtcaggcat ttgagaagca cacggtcaca ctgcttccgg

     2521 tagtcaataa accggtaaac cagcaataga cataagcggc tatttaacga ccctgccctg

     2581 aaccgacgac cgggtcgaat ttgctttcga atttctgcca ttcatccgct tattatcact

     2641 tattcaggcg tagcaaccag gcgtttaagg gcaccaataa ctgccttaaa aaaattacgc

     2701 cccgccctgc cactcatcgc agtactgttg taattcatta agcattctgc cgacatggaa

     2761 gccatcacaa acggcatgat gaacctgaat cgccagcggc atcagcacct tgtcgccttg

     2821 cgtataatat ttgcccatgg tgaaaacggg ggcgaagaag ttgtccatat tggccacgtt

     2881 taaatcaaaa ctggtgaaac tcacccaggg attggctgag acgaaaaaca tattctcaat

     2941 aaacccttta gggaaatagg ccaggttttc accgtaacac gccacatctt gcgaatatat

     3001 gtgtagaaac tgccggaaat cgtcgtggta ttcactccag agcgatgaaa acgtttcagt

     3061 ttgctcatgg aaaacggtgt aacaagggtg aacactatcc catatcacca gctcaccgtc

     3121 tttcattgcc atacggaatt ccggatgagc attcatcagg cgggcaagaa tgtgaataaa

     3181 ggccggataa aacttgtgct tatttttctt tacggtcttt aaaaaggccg taatatccag

     3241 ctgaacggtc tggttatagg tacattgagc aactgactga aatgcctcaa aatgttcttt

     3301 acgatgccat tgggatatat caacggtggt atatccagtg atttttttct ccattttagc

     3361 ttccttagct cctgaaaatc tcgataactc aaaaaatacg cccggtagtg atcttatttc

     3421 attatggtga aagttggaac ctcttacgtg ccgatcaacg tctcattttc gccaaaagtt

     3481 ggcccagggc ttcccggtat caacagggac accaggattt atttattctg cgaagtgatc

     3541 ttccgtcaca ggtatttatt cggcgcaaag tgcgtcgggt gatgctgcca acttactgat

     3601 ttagtgtatg atggtgtttt tgaggtgctc cagtggcttc tgtttctatc agctgtccct

     3661 cctgttcagc tactgacggg gtggtgcgta acggcaaaag caccgccgga catcagcgct

     3721 agcggagtgt atactggctt actatgttgg cactgatgag ggtgtcagtg aagtgcttca

     3781 tgtggcagga gaaaaaaggc tgcaccggtg cgtcagcaga atatgtgata caggatatat

     3841 tccgcttcct cgctcactga ctcgctacgc tcggtcgttc gactgcggcg agcggaaatg

     3901 gcttacgaac ggggcggaga tttcctggaa gatgccagga agatacttaa cagggaagtg

     3961 agagggccgc ggcaaagccg tttttccata ggctccgccc ccctgacaag catcacgaaa

     4021 tctgacgctc aaatcagtgg tggcgaaacc cgacaggact ataaagatac caggcgtttc

     4081 cccctggcgg ctccctcgtg cgctctcctg ttcctgcctt tcggtttacc ggtgtcattc

     4141 cgctgttatg gccgcgtttg tctcattcca cgcctgacac tcagttccgg gtaggcagtt

     4201 cgctccaagc tggactgtat gcacgaaccc cccgttcagt ccgaccgctg cgccttatcc

     4261 ggtaactatc gtcttgagtc caacccggaa agacatgcaa aagcaccact ggcagcagcc

     4321 actggtaatt gatttagagg agttagtctt gaagtcatgc gccggttaag gctaaactga

     4381 aaggacaagt tttggtgact gcgctcctcc aagccagtta cctcggttca aagagttggt

     4441 agctcagaga accttcgaaa aaccgccctg caaggcggtt ttttcgtttt cagagcaaga

     4501 gattacgcgc agaccaaaac gatctcaaga agatcatctt attaatcaga taaaatattt

     4561 ctaggctcat gagcccgaag tggcgagccc gatcttcccc atcggtgatg tcggcgatat

     4621 aggcgccagc aaccgcacct gtggcgccgg tgatgccggc cacgatgcgt ccggcgtaga

     4681 ggatctgctc atgtttgaca gcttatcatc gatgcataat gtgcctgtca aatggacgaa

     4741 gcagggattc tgcaaaccct atgctactcc gtcaagccgt caattgtctg attcgttacc

     4801 aattatgaca acttgacggc tacatcattc actttttctt cacaaccggc acggaactcg

     4861 ctcgggctgg ccccggtgca ttttttaaat acccgcgaga aatagagttg atcgtcaaaa

     4921 ccaacattgc gaccgacggt ggcgataggc atccgggtgg tgctcaaaag cagcttcgcc

     4981 tggctgatac gttggtcctc gcgccagctt aagacgctaa tccctaactg ctggcggaaa

     5041 agatgtgaca gacgcgacgg cgacaagcaa acatgctgtg cgacgctggc gatatcaaaa

     5101 ttgctgtctg ccaggtgatc gctgatgtac tgacaagcct cgcgtacccg attatccatc

     5161 ggtggatgga gcgactcgtt aatcgcttcc atgcgccgca gtaacaattg ctcaagcaga

     5221 tttatcgcca gcagctccga atagcgccct tccccttgcc cggcgttaat gatttgccca

     5281 aacaggtcgc tgaaatgcgg ctggtgcgct tcatccgggc gaaagaaccc cgtattggca

     5341 aatattgacg gccagttaag ccattcatgc cagtaggcgc gcggacgaaa gtaaacccac

     5401 tggtgatacc attcgcgagc ctccggatga cgaccgtagt gatgaatctc tcctggcggg

     5461 aacagcaaaa tatcacccgg tcggcaaaca aattctcgtc cctgattttt caccaccccc

     5521 tgaccgcgaa tggtgagatt gagaatataa cctttcattc ccagcggtcg gtcgataaaa

     5581 aaatcgagat aaccgttggc ctcaatcggc gttaaacccg ccaccagatg ggcattaaac

     5641 gagtatcccg gcagcagggg atcattttgc gcttcagcca tacttttcat actcccgcca

     5701 ttcagagaag aaaccaattg tccatattgc atcagacatt gccgtcactg cgtcttttac

     5761 tggctcttct cgctaaccaa accggtaacc ccgcttatta aaagcattct gtaacaaagc

     5821 gggaccaaag ccatgacaaa aacgcgtaac aaaagtgtct ataatcacgg cagaaaagtc

     5881 cacattgatt atttgcacgg cgtcacactt tgctatgcca tagcattttt atccataaga

     5941 ttagcggatc ctacctgacg ctttttatcg caactctcta ctgtttctcc at

//




LOCUS       Exported                5480 bp ds-DNA     circular SYN 11-AUG-2021

DEFINITION  .

ACCESSION   urn.local...b-5zs34eu

VERSION     .

KEYWORDS    .

SOURCE      synthetic DNA construct

  ORGANISM  synthetic DNA construct

REFERENCE   1  (bases 1 to 5480)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

COMMENT     ##Comment-START##

            Comment :: Created: Friday, November 15, 2013 9:36 AM 

            ##Comment-END##

FEATURES             Location/Qualifiers

     source          1..5480

                     /organism="synthetic DNA construct"

                     /mol_type="other DNA"

     promoter        82..119

                     /note="color: #ffffff"

     gene            158..174

                     /standard_name="T7_transl_en_RBS"

                     /label=T7_transl_en_RBS

                     /note="color: #a6acb3; direction: RIGHT"

     sig_peptide     183..296

                     /standard_name="Tat signal peptide"

                     /label=Tat signal peptide

                     /note="color: #cc99b2"

     misc_feature    303..914

                     /standard_name="Sce VMA N-term intein"

                     /label=Sce VMA N-term intein

                     /note="Geneious type: ORF"

                     /note="color: #a6acb3"

     misc_feature    459..470

                     /standard_name="araO1 reg"

                     /label=araO1 reg

                     /note="Geneious type: regulatory sequence"

                     /note="color: #a6acb3"

     misc_feature    915..1127

                     /standard_name="N-term endonuclease fragment"

                     /label=N-term endonuclease fragment

                     /note="Geneious type: ORF"

                     /note="color: #a6acb3"

     primer_bind     1000..1029

                     /standard_name="1,000 F"

                     /label=1,000 F

                     /note="color: #a020f0; direction: RIGHT"

     primer_bind     1000..1028

                     /standard_name="1,000 F"

                     /label=1,000 F

                     /note="color: #a020f0; direction: RIGHT"

     primer_bind     1000..1027

                     /standard_name="1,000 F"

                     /label=1,000 F

                     /note="color: #a020f0; direction: RIGHT"

     primer_bind     1013..1038

                     /standard_name="pFES.f"

                     /label=pFES.f

                     /note="color: #a020f0; direction: RIGHT"

     misc_feature    1134..1139

                     /standard_name="BsaI-A"

                     /label=BsaI-A

                     /note="color: #a6acb3"

     promoter        1148..1175

                     /note="color: #ffffff"

     regulatory      1176..1193

                     /standard_name="RBS BBa_B0064"

                     /label=RBS BBa_B0064

                     /note="color: #ffffff"

     misc_feature    1194..2177

                     /standard_name="pheS_G294"

                     /label=pheS_G294

                     /note="Geneious type: ORF"

                     /note="color: #a6acb3"

     misc_feature    complement(1344..1350)

                     /standard_name="SapI"

                     /label=SapI

                     /note="color: #a6acb3; direction: LEFT"

     terminator      2178..2232

                     /note="color: #ffffff"

     misc_feature    complement(2238..2243)

                     /standard_name="BsaI-B"

                     /label=BsaI-B

                     /note="color: #a6acb3; direction: LEFT"

     misc_feature    2251..2586

                     /standard_name="C-term endonuclease fragment"

                     /label=C-term endonuclease fragment

                     /note="Geneious type: ORF"

                     /note="color: #a6acb3"

     misc_feature    complement(2304..2328)

                     /standard_name="FES-r"

                     /label=FES-r

                     /note="Geneious type: primer_bind_reverse"

                     /note="color: #a6acb3; direction: LEFT"

     misc_feature    complement(2304..2328)

                     /standard_name="2,328 R"

                     /label=2,328 R

                     /note="Geneious type: primer_bind_reverse"

                     /note="color: #a6acb3; direction: LEFT"

     misc_feature    2587..2790

                     /standard_name="Sce VMA C-term intein"

                     /label=Sce VMA C-term intein

                     /note="Geneious type: ORF"

                     /note="color: #a6acb3"

     misc_feature    2731..3591

                     /standard_name="amp marker"

                     /label=amp marker

                     /note="Geneious type: marker"

                     /note="color: #a6acb3"

     misc_feature    3896..4711

                     /standard_name="kan2 marker"

                     /label=kan2 marker

                     /note="Geneious type: marker"

                     /note="color: #ccffcc; direction: RIGHT"

     terminator      4732..4751

                     /note="color: #ffffff"

     rep_origin      complement(4756..5374)

                     /direction=LEFT

                     /note="color: #ffff00"

     terminator      complement(5388..5409)

                     /note="color: #ffffff; direction: LEFT"

ORIGIN

        1 caccacaatt cagcaaattg tgaacatcat cacgttcatc tttccctggt tgccaatggc

       61 ccattttcct gtcagtaacg agaaggtcgc gaattcaggc gctttttaga ctggtcgtag

      121 gaagatcaca acggtttccc tctagaaata attttgttta actataagaa ggagatatat

      181 tcatgaacaa taacgatctc tttcaggcat cacgtcggcg ttttctggca caactcggcg

      241 gcttaaccgt cgccgggatg ctggggccgt cattgctaac gccgcgacgt gcgactgcgc

      301 ataatgggtg ctttgccaag ggtaccaatg ttttaatggc ggatgggtct attgaatgta

      361 ttgaaaacat tgaggttggt aataaggtca tgggtaaaga tggcagacct cgtgaggtaa

      421 ttaaattgcc cagaggaaga gaaactatgt acagcgtcgt gcagaaaagt cagcacagag

      481 cccacaaaag tgactcaagt cgtgaagtgc cagaattact caagtttacg tgtaatgcga

      541 cccatgagtt ggttgttaga acacctcgta gtgtccgccg tttgtctcgt accattaagg

      601 gtgtcgaata ttttgaagtt attacttttg agatgggcca aaagaaagcc cccgacggta

      661 gaattgttga gcttgtcaag gaagtttcaa agagctaccc aatatctgag gggcctgaga

      721 gagccaacga attagtagaa tcctatagaa aggcttcaaa taaagcttat tttgagtgga

      781 ctattgaggc cagagatctt tctctgttgg gttcccatgt tcgtaaagct acctaccaga

      841 cttacgctcc aattctttat gagaatgacc actttttcga ctacatgcaa aaaagtaagt

      901 ttcatctcac cattgaaggt ccaaaagtac ttgcttattt acttggttta tggattggtg

      961 atggattgtc tgacagggca actttttcgg ttgattccag agatacttct ttgatggaac

     1021 gtgttactga atatgctgaa aagttgaatt tgtgcgccga gtataaggac agaaaagaac

     1081 cacaagttgc caaaactgtt aatttgtact ctaaagttgt cagaggtcat atgggtctcc

     1141 aggtccatac gccgttatac gttgtttacg ctttgaaaga ggggaaatac tagatgtcac

     1201 atctcgcaga actggttgcc agtgcgaagg cggccattag ccaggcgtca gatgttgccg

     1261 cgttagataa tgtgcgcgtc gaatatttgg gtaaaaaagg gcacttaacc cttcagatga

     1321 cgaccctgcg tgagctgccg ccagaagagc gtccggcagc tggtgcggtt atcaacgaag

     1381 cgaaagagca ggttcagcag gcgctgaatg cgcgtaaagc ggaactggaa agcgctgcac

     1441 tgaatgcgcg tctggcggcg gaaacgattg atgtctctct gccaggtcgt cgcattgaaa

     1501 acggcggtct gcatccggtt acccgtacca tcgaccgtat cgaaagtttc ttcggtgagc

     1561 ttggctttac cgtggcaacc gggccggaaa tcgaagacga ttatcataac ttcgatgctc

     1621 tgaacattcc tggtcaccac ccggcgcgcg ctgaccacga cactttctgg tttgacacta

     1681 cccgcctgct gcgtacccag acctctggcg tacagatccg caccatgaaa gcccagcagc

     1741 caccgattcg tatcatcgcg cctggccgtg tttatcgtaa cgactacgac cagactcaca

     1801 cgccgatgtt ccatcagatg gaaggtctga ttgttgatac caacatcagc tttaccaacc

     1861 tgaaaggcac gctgcacgac ttcctgcgta acttctttga ggaagatttg cagattcgct

     1921 tccgtccttc ctacttcccg tttaccgaac cttctgcaga agtggacgtc atgggtaaaa

     1981 acggtaaatg gctggaagtg ctgggctgcg ggatggtgca tccgaacgtg ttgcgtaacg

     2041 ttggcatcga cccggaagtt tactctggtt tcggcttcgg gatggggatg gagcgtctga

     2101 ctatgttgcg ttacggcgtc accgacctgc gttcattctt cgaaaacgat ctgcgtttcc

     2161 tcaaacagtt taaataaaga aacagcaaac aatccaaaac gccgcgttca gcggcgtttt

     2221 ttctgctttt ctgcttcgag accaactagt ggtattcgca ataatcttaa tactgagaat

     2281 ccattatggg acgctattgt tggcttagga ttcttgaagg acggtgtcaa aaatattcct

     2341 tctttcttgt ctacggacaa tatcggtact cgtgaaacat ttcttgctgg tctaattgat

     2401 tctgatggct atgttactga tgagcatggt attaaagcaa caataaagac aattcatact

     2461 tctgtcagag atggtttggt ttcccttgct cgttctttag gcttagtagt ctcggttaac

     2521 gcagaacctg ctaaggttga catgaatggc accaaacata aaattagtta tgctatttat

     2581 atgtctggtg gagatgtttt gcttaacgtt ctttcgaagt gtgccggctc taaaaaattc

     2641 aggcctgctc ccgccgctgc ttttgcacgt gagtgccgcg gattttattt cgagttacaa

     2701 gaattgaagg aagacgatta ttatgggatt actttatctg atgattctga tcatcagttt

     2761 ttgcttgcca accaggttgt cgtccataat tgcgctagtc acccagaaac gctggtgaaa

     2821 gtaaaagatg ctgaagatca gttgggtgca cgagtgggtt acatcgaact ggatctcaac

     2881 agcggtaaga tccttgagag ttttcgcccc gaagaacgtt ttccaatgat gagcactttt

     2941 aaagttctgc tatgtggcgc ggtattatcc cgtgttgacg ccgggcaaga gcaactcggt

     3001 cgccgcatac actattctca gaatgacttg gttgagtact caccagtcac agaaaagcat

     3061 cttacggatg gcatgacagt aagagaatta tgcagtgctg ccataaccat gagtgataac

     3121 actgcggcca acttacttct gacaacgatc ggaggaccga aggagctaac cgcttttttg

     3181 cacaacatgg gggatcatgt aactcgcctt gatcgttggg aaccggagct gaatgaagcc

     3241 ataccaaacg acgagcgtga caccacgatg cctgcagcaa tggcaacaac gttgcgcaaa

     3301 ctattaactg gcgaactact tactctagct tcccggcaac aattaataga ctggatggag

     3361 gcggataaag ttgcaggacc acttctgcgc tcggcccttc cggctggctg gtttattgct

     3421 gataaatctg gagccggtga gcgtggttcc cgcggtatca ttgcagcact ggggccagat

     3481 ggtaagccct cccgtatcgt agttatctac acgacgggga gtcaggcaac tatggatgaa

     3541 cgaaatagac agatcgctga gataggtgcc tcactgatta agcattggta agaattcgat

     3601 ttttccaatg atgagcactt tttgatcaga aaaaaaggat catatcgtca attattacct

     3661 ccacggggag agcctgagca aactggcctc aggcatgacg aattctctag atatcgctca

     3721 atactgacca tttaaatcat acctgacctc catagcagaa agtcaaaagc ctccgaccgg

     3781 aggcttttga cttgatcggc acgtaagagg ttccaacttt caccataatg aaataagatc

     3841 actaccgggc gtattttttg agttatcgag attttcagga gctaaggaag ctaaaatgag

     3901 ccatattcaa cgggaaacgt cttgctcgag gccgcgatta aattccaaca tggatgctga

     3961 tttatatggg tataaatggg ctcgcgataa tgtcgggcaa tcaggtgcga caatctatcg

     4021 attgtatggg aagcccgatg cgccagagtt gtttctgaaa catggcaaag gtagcgttgc

     4081 caatgatgtt acagatgaga tggtcaggct aaactggctg acggaattta tgcctcttcc

     4141 gaccatcaag cattttatcc gtactcctga tgatgcatgg ttactcacca ctgcgatccc

     4201 agggaaaaca gcattccagg tattagaaga atatcctgat tcaggtgaaa atattgttga

     4261 tgcgctggca gtgttcctgc gccggttgca ttcgattcct gtttgtaatt gtccttttaa

     4321 cggcgatcgc gtatttcgcc ttgctcaggc gcaatcacga atgaataacg gtttggttgg

     4381 tgcgagtgat tttgatgacg agcgtaatgg ctggcctgtt gaacaagtct ggaaagaaat

     4441 gcataagctt ttgccattct caccggattc agtcgtcact catggtgatt tctcacttga

     4501 taaccttatt tttgacgagg ggaaattaat aggttgtatt gatgttggac gagtcggaat

     4561 cgcagaccga taccaggatc ttgccatcct atggaactgc ctcggtgagt tttctccttc

     4621 attacagaaa cggctttttc aaaaatatgg tattgataat cctgatatga ataaattgca

     4681 gtttcacttg atgctcgatg agtttttctg agggcccaaa tgtaatcacc tggctcacct

     4741 tcgggtgggc ctttctgcgt tgctggcgtt tttccatagg ctccgccccc ctgacgagca

     4801 tcacaaaaat cgatgctcaa gtcagaggtg gcgaaacccg acaggactat aaagatacca

     4861 ggcgtttccc cctggaagct ccctcgtgcg ctctcctgtt ccgaccctgc cgcttaccgg

     4921 atacctgtcc gcctttctcc cttcgggaag cgtggcgctt tctcatagct cacgctgtag

     4981 gtatctcagt tcggtgtagg tcgttcgctc caagctgggc tgtgtgcacg aaccccccgt

     5041 tcagcccgac cgctgcgcct tatccggtaa ctatcgtctt gagtccaacc cggtaagaca

     5101 cgacttatcg ccactggcag cagccactgg taacaggatt agcagagcga ggtatgtagg

     5161 cggtgctaca gagttcttga agtggtggcc taactacggc tacactagaa gaacagtatt

     5221 tggtatctgc gctctgctga agccagttac ctcggaaaaa gagttggtag ctcttgatcc

     5281 ggcaaacaaa ccaccgctgg tagcggtggt ttttttgttt gcaagcagca gattacgcgc

     5341 agaaaaaaag gatctcaaga agatcctttg attttctacc gaagaaaggc ccacccgtga

     5401 aggtgagcca gtgagttgat tgcagtccag ttacgctgga gtctgaggct cgtcctgaat

     5461 gatatcaagc ttgaattcgt

//




LOCUS       Exported                2676 bp ds-DNA     circular SYN 12-MAY-2021

DEFINITION  Part Plasmid Entry Vector to be used in the Dueber YTK system..

ACCESSION   .

VERSION     .

KEYWORDS    pYTK001

SOURCE      synthetic DNA construct

  ORGANISM  synthetic DNA construct

REFERENCE   1  (bases 1 to 2676)

  AUTHORS   Lee ME, DeLoache WC, Cervantes B, Dueber JE

  TITLE     A Highly-characterized Yeast Toolkit for Modular, Multi-part 

            Assembly.

  JOURNAL   ACS Synth Biol. 2015 Apr 14.

  PUBMED    25871405

REFERENCE   2  (bases 1 to 2676)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

COMMENT     SGRef: number: 1; type: "Journal Article"; journalName: "ACS Synth 

            Biol. 2015 Apr 14."

FEATURES             Location/Qualifiers

     source          1..2676

                     /organism="synthetic DNA construct"

                     /mol_type="other DNA"

     RBS             160..171

                     /note="strong bacterial ribosome binding site (Elowitz and 

                     Leibler, 2000)"

                     /note="color: #a6acb3"

     CDS             178..891

                     /codon_start=1

                     /product="GFP variant that folds robustly even when fused 

                     to poorly folded proteins (Pedelacq et al., 2006)"

                     /label=superfolder GFP

                     /note="color: #05fd14"

                     /translation="MRKGEELFTGVVPILVELDGDVNGHKFSVRGEGEGDATNGKLTLK

                     FICTTGKLPVPWPTLVTTLTYGVQCFARYPDHMKQHDFFKSAMPEGYVQERTISFKDDG

                     TYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNFNSHNVYITADKQKNGIKA

                     NFKIRHNVEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSVLSKDPNEKRDHMVLLE

                     FVTAAGITHGMDELYK"

     terminator      903..974

                     /label=rrnB T1 terminator

                     /note="transcription terminator T1 from the E. coli rrnB 

                     gene"

                     /note="color: #ffffff"

     terminator      990..1017

                     /label=T7Te terminator

                     /note="phage T7 early transcription terminator"

                     /note="color: #ffffff"

     terminator      1041..1075

                     /label=lambda t0 terminator

                     /note="minimal transcription terminator from phage lambda 

                     (Scholtissek and Grosse, 1987)"

                     /note="color: #ffffff"

     CDS             complement(1146..1805)

                     /codon_start=1

                     /gene="cat"

                     /product="chloramphenicol acetyltransferase"

                     /label=CmR

                     /note="confers resistance to chloramphenicol"

                     /note="color: #ccffcc"

                     /translation="MEKKITGYTTVDISQWHRKEHFEAFQSVAQCTYNQTVQLDITAFL

                     KTVKKNKHKFYPAFIHILARLMNAHPEFRMAMKDGELVIWDSVHPCYTVFHEQTETFSS

                     LWSEYHDDFRQFLHIYSQDVACYGENLAYFPKGFIENMFFVSANPWVSFTSFDLNVANM

                     DNFFAPVFTMGKYYTQGDKVLMPLAIQVHHAVCDGFHVGRMLNELQQYCDEWQGGA"

     primer_bind     1720..1739

                     /label=CAT-R

                     /note="Chloramphenicol resistance gene, reverse primer"

                     /note="color: black; sequence: GCAACTGACTGAAATGCCTC"

     rep_origin      1987..2575

                     /direction=RIGHT

                     /label=ori

                     /note="high-copy-number ColE1/pMB1/pBR322/pUC origin of 

                     replication"

                     /note="color: #ffff00"

     primer_bind     2476..2495

                     /label=pBR322ori-F

                     /note="pBR322 origin, forward primer"

                     /note="color: black; sequence: GGGAAACGCCTGGTATCTTT"

ORIGIN

        1 tcggcgagac ggaaagtgaa acgtgatttc atgcgtcatt ttgaacattt tgtaaatctt

       61 atttaataat gtgtgcggca attcacattt aatttatgaa tgttttctta acatcgcggc

      121 aactcaagaa acggcaggtt cggatcttag ctactagaga aagaggagaa atactagatg

      181 cgtaaaggcg aagagctgtt cactggtgtc gtccctattc tggtggaact ggatggtgat

      241 gtcaacggtc ataagttttc cgtgcgtggc gagggtgaag gtgacgcaac taatggtaaa

      301 ctgacgctga agttcatctg tactactggt aaactgccgg ttccttggcc gactctggta

      361 acgacgctga cttatggtgt tcagtgcttt gctcgttatc cggaccatat gaagcagcat

      421 gacttcttca agtccgccat gccggaaggc tatgtgcagg aacgcacgat ttcctttaag

      481 gatgacggca cgtacaaaac gcgtgcggaa gtgaaatttg aaggcgatac cctggtaaac

      541 cgcattgagc tgaaaggcat tgactttaaa gaggacggca atatcctggg ccataagctg

      601 gaatacaatt ttaacagcca caatgtttac atcaccgccg ataaacaaaa aaatggcatt

      661 aaagcgaatt ttaaaattcg ccacaacgtg gaggatggca gcgtgcagct ggctgatcac

      721 taccagcaaa acactccaat cggtgatggt cctgttctgc tgccagacaa tcactatctg

      781 agcacgcaaa gcgttctgtc taaagatccg aacgagaaac gcgatcatat ggttctgctg

      841 gagttcgtaa ccgcagcggg catcacgcat ggtatggatg aactgtacaa atgaccaggc

      901 atcaaataaa acgaaaggct cagtcgaaag actgggcctt tcgttttatc tgttgtttgt

      961 cggtgaacgc tctctactag agtcacactg gctcaccttc gggtgggcct ttctgcgttt

     1021 atacgtctct gaccagacca ataaaaaacg cccggcggca accgagcgtt ctgaacaaat

     1081 ccagatggag ttctgaggtc attactggat ctatcaacag gagtccaagc gagctcgata

     1141 tcaaattacg ccccgccctg ccactcatcg cagtactgtt gtaattcatt aagcattctg

     1201 ccgacatgga agccatcaca aacggcatga tgaacctgaa tcgccagcgg catcagcacc

     1261 ttgtcgcctt gcgtataata tttgcccatg gtgaaaacgg gggcgaagaa gttgtccata

     1321 ttggccacgt ttaaatcaaa actggtgaaa ctcacccagg gattggctga aacgaaaaac

     1381 atattctcaa taaacccttt agggaaatag gccaggtttt caccgtaaca cgccacatct

     1441 tgcgaatata tgtgtagaaa ctgccggaaa tcgtcgtggt attcactcca gagcgatgaa

     1501 aacgtttcag tttgctcatg gaaaacggtg taacaagggt gaacactatc ccatatcacc

     1561 agctcaccgt ctttcattgc catacgaaat tccggatgag cattcatcag gcgggcaaga

     1621 atgtgaataa aggccggata aaacttgtgc ttatttttct ttacggtctt taaaaaggcc

     1681 gtaatatcca gctgaacggt ctggttatag gtacattgag caactgactg aaatgcctca

     1741 aaatgttctt tacgatgcca ttgggatata tcaacggtgg tatatccagt gatttttttc

     1801 tccattttag cttccttagc tcctgaaaat ctcgataact caaaaaatac gcccggtagt

     1861 gatcttattt cattatggtg aaagttggaa cctcttacgt gcccgatcaa tcatgaccaa

     1921 aatcccttaa cgtgagtttt cgttccactg agcgtcagac cccgtagaaa agatcaaagg

     1981 atcttcttga gatccttttt ttctgcgcgt aatctgctgc ttgcaaacaa aaaaaccacc

     2041 gctaccagcg gtggtttgtt tgccggatca agagctacca actctttttc cgaaggtaac

     2101 tggcttcagc agagcgcaga taccaaatac tgttcttcta gtgtagccgt agttaggcca

     2161 ccacttcaag aactctgtag caccgcctac atacctcgct ctgctaatcc tgttaccagt

     2221 ggctgctgcc agtggcgata agtcgtgtct taccgggttg gactcaagac gatagttacc

     2281 ggataaggcg cagcggtcgg gctgaacggg gggttcgtgc acacagccca gcttggagcg

     2341 aacgacctac accgaactga gatacctaca gcgtgagcta tgagaaagcg ccacgcttcc

     2401 cgaagggaga aaggcggaca ggtatccggt aagcggcagg gtcggaacag gagagcgcac

     2461 gagggagctt ccagggggaa acgcctggta tctttatagt cctgtcgggt ttcgccacct

     2521 ctgacttgag cgtcgatttt tgtgatgctc gtcagggggg cggagcctat ggaaaaacgc

     2581 cagcaacgcg gcctttttac ggttcctggc cttttgctgg ccttttgctc acatgttctt

     2641 tcctgcgtta tcccctgatt ctgtggataa ccgtag

//




LOCUS       Exported                2573 bp ds-DNA     circular SYN 11-AUG-2021

DEFINITION  Golden Gate/Type IIS Cloning ligation product.

ACCESSION   urn.local...1wk-c9a9vny

VERSION     .

KEYWORDS    .

SOURCE      synthetic DNA construct

  ORGANISM  synthetic DNA construct

REFERENCE   1  (bases 1 to 2573)

  AUTHORS   .

  TITLE     Direct Submission

  JOURNAL   Exported Wednesday, Aug 11, 2021 from SnapGene 5.2.2

            https://www.snapgene.com

FEATURES             Location/Qualifiers

     source          1..2573

                     /organism="synthetic DNA construct"

                     /mol_type="other DNA"

     misc_feature    1..4

                     /label=Ligation

                     /label=nonstandard type: ligation

                     /note="color: #a6acb3"

     misc_feature    complement(10..15)

                     /label=BsaI

                     /note="Geneious type: restriction site"

                     /note="/Methylation=Dcm:variable, CpG:variable, EcoBI:cut"

                     /note="/Recognition_pattern=GGTCTC(1/5)"

                     /note="/annotation_group=GGTCTC"

                     /note="color: #a6acb3; direction: LEFT"

     promoter        18..71

                     /label=Bba_R0040 TetR Promoter

                     /note="/Transferred_From=pYTK083, pYTK084, pYTK085, 

                     pYTK089,pYTK090, pYTK091"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #ff9d9a"

     RBS             72..96

                     /label=mRFP1 Ribsosome Binding Site

                     /note="/Transferred_From=pYTK083, pYTK084, pYTK085, 

                     pYTK089,pYTK090, pYTK091"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #ff9d9a"

     CDS             97..774

                     /label=mRFP1

                     /note="/Transferred_From=pYTK083, pYTK084, pYTK085, 

                     pYTK089,pYTK090, pYTK091"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #c16969; direction: RIGHT"

     terminator      784..912

                     /label=BBa_B0015 Terminator

                     /note="/Transferred_From=pYTK001, pYTK047, pYTK050, 

                     pYTK083,pYTK084, pYTK085, pYTK089, pYTK090, pYTK091, 

                     pYTK095, pYTK096"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #9eff91"

     terminator      879..898

                     /label=stem_loop_early_T7 term

                     /note="/Imported_from=Pla sMapper"

                     /note="/Transferred_From=stem_loop_early_T7 term"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #ffffff"

     misc_feature    917..922

                     /label=BsaI

                     /note="Geneious type: restriction site"

                     /note="/Methylation=Dcm:variable, CpG:variable, EcoBI:cut"

                     /note="/Recognition_pattern=GGTCTC(1/5)"

                     /note="/annotation_group=GGTCTC"

                     /note="color: #a6acb3"

     misc_feature    928..931

                     /label=Ligation

                     /label=nonstandard type: ligation

                     /note="color: #a6acb3"

     misc_feature    928..931

                     /label=pYTK001 (concatenated sequence 1)

                     /note="Geneious type: Concatenated sequence"

                     /note="/Source=referenceToDocument: urn:local:.:7m-c1ptf15"

                     /note="color: #a6acb3"

     misc_feature    complement(934..1042)

                     /label=CamR Terminator

                     /note="/Transferred_From=pYTK001"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #66ccff; direction: LEFT"

     terminator      complement(934..1042)

                     /label=CamR Terminator

                     /note="/Transferred_From=pYTK002, pYTK003, pYTK004, 

                     pYTK005,pYTK006, pYTK007, pYTK008, pYTK009, pYTK010, 

                     pYTK011, pYTK012, pYTK013, pYTK014, pYTK015, pYTK016, 

                     pYTK017, pYTK018, pYTK019, pYTK020, pYTK021, pYTK022, 

                     pYTK023, pYTK024, pYTK025, pYTK026, pYTK027, pYTK028, 

                     pYTK029, pYTK030, pYTK031, pYTK032, pYTK033, pYTK034, 

                     pYTK035, pYTK036, pYTK037, pYTK038, pYTK039, pYTK040, 

                     pYTK041, pYTK042, pYTK043, pYTK044, pYTK045, pYTK046, 

                     pYTK047, pYTK048, pYTK049, pYTK050, pYTK051, pYTK052, 

                     pYTK053, pYTK054, pYTK055, pYTK056, pYTK057, pYTK058, 

                     pYTK059, pYTK060, pYTK061, pYTK062, pYTK063, pYTK064, 

                     pYTK065, pYTK066, pYTK067, pYTK068, pYTK069, pYTK070, 

                     pYTK071, pYTK072, pYTK073, pYTK074, pYTK075, pYTK076, 

                     pYTK077, pYTK078, pYTK079, pYTK080, pYTK081, pYTK082, 

                     pYTK086, pYTK087, pYTK088, pYTK092, pYTK093, pYTK094"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #66ccff; direction: LEFT"

     primer_bind     complement(952..969)

                     /label=EJW.EntryVectorseq.Rev

                     /note="color: black; sequence: AGAACGCTCGGTTGCCGC"

     CDS             complement(1043..1702)

                     /label=CamR

                     /note="/Transferred_From=pYTK001, pYTK002, pYTK003, 

                     pYTK004,pYTK005, pYTK006, pYTK007, pYTK008, pYTK009, 

                     pYTK010, pYTK011, pYTK012, pYTK013, pYTK014, pYTK015, 

                     pYTK016, pYTK017, pYTK018, pYTK019, pYTK020, pYTK021, 

                     pYTK022, pYTK023, pYTK024, pYTK025, pYTK026, pYTK027, 

                     pYTK028, pYTK029, pYTK030, pYTK031, pYTK032, pYTK033, 

                     pYTK034, pYTK035, pYTK036, pYTK037, pYTK038, pYTK039, 

                     pYTK040, pYTK041, pYTK042, pYTK043, pYTK044, pYTK045, 

                     pYTK046, pYTK047, pYTK048, pYTK049, pYTK050, pYTK051, 

                     pYTK052, pYTK053, pYTK054, pYTK055, pYTK056, pYTK057, 

                     pYTK058, pYTK059, pYTK060, pYTK061, pYTK062, pYTK063, 

                     pYTK064, pYTK065, pYTK066, pYTK067, pYTK068, pYTK069, 

                     pYTK070, pYTK071, pYTK072, pYTK073, pYTK074, pYTK075, 

                     pYTK076, pYTK077, pYTK078, pYTK079, pYTK080, pYTK081, 

                     pYTK082, pYTK086, pYTK087, pYTK088, pYTK092, pYTK093, 

                     pYTK094"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #0000ff; direction: LEFT"

     promoter        complement(1703..1807)

                     /label=CamR Promoter

                     /note="/Transferred_From=pYTK001, pYTK002, pYTK003, 

                     pYTK004,pYTK005, pYTK006, pYTK007, pYTK008, pYTK009, 

                     pYTK010, pYTK011, pYTK012, pYTK013, pYTK014, pYTK015, 

                     pYTK016, pYTK017, pYTK018, pYTK019, pYTK020, pYTK021, 

                     pYTK022, pYTK023, pYTK024, pYTK025, pYTK026, pYTK027, 

                     pYTK028, pYTK029, pYTK030, pYTK031, pYTK032, pYTK033, 

                     pYTK034, pYTK035, pYTK036, pYTK037, pYTK038, pYTK039, 

                     pYTK040, pYTK041, pYTK042, pYTK043, pYTK044, pYTK045, 

                     pYTK046, pYTK047, pYTK048, pYTK049, pYTK050, pYTK051, 

                     pYTK052, pYTK053, pYTK054, pYTK055, pYTK056, pYTK057, 

                     pYTK058, pYTK059, pYTK060, pYTK061, pYTK062, pYTK063, 

                     pYTK064, pYTK065, pYTK066, pYTK067, pYTK068, pYTK069, 

                     pYTK070, pYTK071, pYTK072, pYTK073, pYTK074, pYTK075, 

                     pYTK076, pYTK077, pYTK078, pYTK079, pYTK080, pYTK081, 

                     pYTK082, pYTK086, pYTK087, pYTK088, pYTK092, pYTK093, 

                     pYTK094"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #66ccff; direction: LEFT"

     rep_origin      complement(1808..2571)

                     /direction=LEFT

                     /label=ColE1

                     /note="/Transferred_From=pYTK001, pYTK002, pYTK003, 

                     pYTK004,pYTK005, pYTK006, pYTK007, pYTK008, pYTK009, 

                     pYTK010, pYTK011, pYTK012, pYTK013, pYTK014, pYTK015, 

                     pYTK016, pYTK017, pYTK018, pYTK019, pYTK020, pYTK021, 

                     pYTK022, pYTK023, pYTK024, pYTK025, pYTK026, pYTK027, 

                     pYTK028, pYTK029, pYTK030, pYTK031, pYTK032, pYTK033, 

                     pYTK034, pYTK035, pYTK036, pYTK037, pYTK038, pYTK039, 

                     pYTK040, pYTK041, pYTK042, pYTK043, pYTK044, pYTK045, 

                     pYTK046, pYTK047, pYTK048, pYTK049, pYTK050, pYTK051, 

                     pYTK052, pYTK053, pYTK054, pYTK055, pYTK056, pYTK057, 

                     pYTK058, pYTK059, pYTK060, pYTK061, pYTK062, pYTK063, 

                     pYTK064, pYTK065, pYTK066, pYTK067, pYTK068, pYTK069, 

                     pYTK070, pYTK071, pYTK072, pYTK073, pYTK074, pYTK075, 

                     pYTK076, pYTK077, pYTK078, pYTK079, pYTK080, pYTK081, 

                     pYTK082, pYTK083, pYTK084, pYTK085, pYTK086, pYTK087, 

                     pYTK088, pYTK089, pYTK090, pYTK091, pYTK092, pYTK093, 

                     pYTK094, pYTK095, pYTK096"

                     /note="/Transferred_Similarity=100.00%"

                     /note="color: #7f7f7f"

     primer_bind     complement(1951..1973)

                     /label=EJW.seq.PRCV.13.F

                     /note="color: black; sequence: AGCTCTTGATCCGGCAAACAAAC"

     primer_bind     1964..1988

                     /label=EJW.seq.PRCV.12.R

                     /note="color: black; sequence: ATCAAGAGCTACCAACTCTTTTTCC"

     primer_bind     2162..2187

                     /label=JG.pBR322.F

                     /note="color: black; sequence: CAAGACGATAGTTACCGGATAAGGCG"

     primer_bind     complement(2162..2187)

                     /label=JG.pBR322.R

                     /note="color: black; sequence: CGCCTTATCCGGTAACTATCGTCTTG"

     primer_bind     complement(2366..2384)

                     /label=Seq_primer.4.R

                     /note="color: black; sequence: CAGGCGTTTCCCCCTGGAA"

     primer_bind     2376..2399

                     /label=Seq_primer.5.F

                     /note="color: black; sequence: AAACGCCTGGTATCTTTATAGTCC"

     primer_bind     complement(2460..2480)

                     /label=EJW.seq.PRCV.11.F

                     /note="color: black; sequence: CTGGCGTTTTTCCATAGGCTC"

     primer_bind     2472..2489

                     /label=EJW.seq.PRCV.10.R

                     /note="color: black; sequence: AAACGCCAGCAACGCGGC"

ORIGIN

        1 tcggaacgtg agaccagtcc ctatcagtga tagagattga catccctatc agtgatagag

       61 atactgagca cggatctgaa agaggagaaa ggatctatgg cgagtagcga agacgttatc

      121 aaagagttca tgcgtttcaa agttcgtatg gaaggttccg ttaacggtca cgagttcgaa

      181 atcgaaggtg aaggtgaagg tcgtccgtac gaaggtactc agaccgctaa actgaaagtt

      241 accaaaggtg gtccgctgcc gttcgcttgg gacatcctgt ccccgcagtt ccagtacggt

      301 tccaaagctt acgttaaaca cccggctgac atcccggact acctgaaact gtccttcccg

      361 gaaggtttca aatgggaacg tgttatgaac ttcgaagacg gtggtgttgt taccgttacc

      421 caggactcct ccctgcaaga cggtgagttc atctacaaag ttaaactgcg tggtactaac

      481 ttcccgtccg acggtccggt tatgcagaaa aaaaccatgg gttgggaagc ttccaccgaa

      541 cgtatgtacc cggaagacgg tgctctgaaa ggtgaaatca aaatgcgtct gaaactgaaa

      601 gacggtggtc actacgacgc tgaagttaaa accacctaca tggctaaaaa accggttcag

      661 ctgccgggtg cttacaaaac cgacatcaaa ctggacatca cctcccacaa cgaagactac

      721 accatcgttg aacagtacga acgtgctgaa ggtcgtcact ccaccggtgc ttaataagga

      781 tctccaggca tcaaataaaa cgaaaggctc agtcgaaaga ctgggccttt cgttttatct

      841 gttgtttgtc ggtgaacgct ctctactaga gtcacactgg ctcaccttcg ggtgggcctt

      901 tctgcgttta taagtcggtc tcagctggac cagaccaata aaaaacgccc ggcggcaacc

      961 gagcgttctg aacaaatcca gatggagttc tgaggtcatt actggatcta tcaacaggag

     1021 tccaagcgag ctcgatatca aattacgccc cgccctgcca ctcatcgcag tactgttgta

     1081 attcattaag cattctgccg acatggaagc catcacaaac ggcatgatga acctgaatcg

     1141 ccagcggcat cagcaccttg tcgccttgcg tataatattt gcccatggtg aaaacggggg

     1201 cgaagaagtt gtccatattg gccacgttta aatcaaaact ggtgaaactc acccagggat

     1261 tggctgaaac gaaaaacata ttctcaataa accctttagg gaaataggcc aggttttcac

     1321 cgtaacacgc cacatcttgc gaatatatgt gtagaaactg ccggaaatcg tcgtggtatt

     1381 cactccagag cgatgaaaac gtttcagttt gctcatggaa aacggtgtaa caagggtgaa

     1441 cactatccca tatcaccagc tcaccgtctt tcattgccat acgaaattcc ggatgagcat

     1501 tcatcaggcg ggcaagaatg tgaataaagg ccggataaaa cttgtgctta tttttcttta

     1561 cggtctttaa aaaggccgta atatccagct gaacggtctg gttataggta cattgagcaa

     1621 ctgactgaaa tgcctcaaaa tgttctttac gatgccattg ggatatatca acggtggtat

     1681 atccagtgat ttttttctcc attttagctt ccttagctcc tgaaaatctc gataactcaa

     1741 aaaatacgcc cggtagtgat cttatttcat tatggtgaaa gttggaacct cttacgtgcc

     1801 cgatcaatca tgaccaaaat cccttaacgt gagttttcgt tccactgagc gtcagacccc

     1861 gtagaaaaga tcaaaggatc ttcttgagat cctttttttc tgcgcgtaat ctgctgcttg

     1921 caaacaaaaa aaccaccgct accagcggtg gtttgtttgc cggatcaaga gctaccaact

     1981 ctttttccga aggtaactgg cttcagcaga gcgcagatac caaatactgt tcttctagtg

     2041 tagccgtagt taggccacca cttcaagaac tctgtagcac cgcctacata cctcgctctg

     2101 ctaatcctgt taccagtggc tgctgccagt ggcgataagt cgtgtcttac cgggttggac

     2161 tcaagacgat agttaccgga taaggcgcag cggtcgggct gaacgggggg ttcgtgcaca

     2221 cagcccagct tggagcgaac gacctacacc gaactgagat acctacagcg tgagctatga

     2281 gaaagcgcca cgcttcccga agggagaaag gcggacaggt atccggtaag cggcagggtc

     2341 ggaacaggag agcgcacgag ggagcttcca gggggaaacg cctggtatct ttatagtcct

     2401 gtcgggtttc gccacctctg acttgagcgt cgatttttgt gatgctcgtc aggggggcgg

     2461 agcctatgga aaaacgccag caacgcggcc tttttacggt tcctggcctt ttgctggcct

     2521 tttgctcaca tgttctttcc tgcgttatcc cctgattctg tggataaccg tag

//
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This appendix is intended as a primer and introduction to some basic synthetic biology for those unfamiliar with the field, as well as an explanation of Golden Gate assembly, and the MoClo system. An experienced synthetic biologist can probably skip this section entirely, unless they want a primer on Golden Gate and MoClo. 

Glossary:

5’ and 3’ ends- A single strand of DNA has a free phosphate group on one end, and a free –OH group on the other end. The free phosphate group is the “start” of the DNA strand, and the –OH group is the “end” of the DNA strand. See also: N-terminal and C-terminal, upstream and downstream.

Cloning- The process by which a desired DNA construct is made.

Codon- Three-letter sequence of mRNA that encodes for a specific amino acid. There are 64 codons, 61 of which code for amino acids, and 3 of which code “stop.” There is one codon which codes for “start”, as well as methionine. Every polypeptide therefore starts with methionine, though this is frequently removed when the polypeptide is processed by the cell. 

Colony- A spot of bacteria growing on an agar plate, usually around 2-3mm in diameter. Each colony is the result of the growth of a single bacterium, meaning that each colony should be monoclonal, i.e. all the cells in the colony should have the same plasmid. 

Competent cell- Bacterial cell which has been prepared for DNA transformation, allowing it to uptake plasmids. 

Constitutive expression- Expression of a protein under the control of a constitutive promoter (see below).

Constitutive promoter- The gene controlled by this promoter is expressed at a constant level, without a need for induction.

Epitope/Epitope tag- A recognition site for an antibody. Certain well-known epitopes, such as 6 histidines in a row (6xHis) are deliberately introduced to engineered proteins, so that the presence of the engineered protein can be confirmed by antibody staining. 

Expression- When a gene is made into a particular protein. 

Gene- A segment of DNA which encodes for a specific protein. 

Golden Gate Assembly – Integrated approach to designing restriction and ligation sequences to allow complex plasmid assembly in a single reaction step.  Detailed description presented below.

N-terminal and C-terminal- By convention, the “first” amino acid in a particular protein (e.g. polypeptide, polyamide) has a free amine group, and is therefore referred to as the N-terminus. The “last” amino acid in a particular protein has a free carboxylic acid group, and is therefore referred to as the C-terminus. If amino acid A is N-terminal to amino acid B, amino acid A is closer to the “front” of the protein. Conversely, amino acid B is C-terminal to amino acid A, as it is closer to the “back” of the protein. It would also be common to refer to amino acid A as being “upstream” of amino acid B, and amino acid B being “downstream” of amino acid A. The N-terminal end of a protein corresponds to the 5’ end of the DNA strand used to encode it, and the C-terminal end corresponds to the 3’ end of the DNA used to encode it. 

Induction- Adding a chemical, or other stimulus, to turn a gene “on,” and cause a protein to be expressed. Many genes are not expressed, or are expressed only at minimal levels, without the addition of this stimulus (see also: transcription, translation).  

Ligation, Ligase – Process by which two separate strands of DNA can be joined together permanently through the formation of a phosphodiester bond on the DNA backbone. The ligation occurs between an –OH group on the C-terminal end of one strand of DNA, and a phosphate group on the 5’ end of another strand of DNA. Ligation is typically carried out by a DNA ligase enzyme, available in a commercial preparation. 

Miniprep- Method for removing and purifying a plasmid from a suspension of bacterial cells. Usually done using a commercially-available kit. 

MoClo cloning system- A defined set of restriction and ligation sequences to allow modular assembly of a plasmid in a precise sequence.

Origin of Replication- Sequence of DNA in a plasmid which instructs the cell to make a certain number of copies of that plasmid. Origins are “compatible” if they use different machinery within the cell to make copies of plasmids. Compatibility is important when multiple plasmids are introduced into a single cell, in order to ensure the expected number of copies of each plasmid are found in each cell. 

PCR- Polymerase Chain Reaction. Used to amplify DNA, and can also be used to add, subtract, or change targeted base pairs.  

Plasmid- A small (1000-8000 base-pair), circular piece of DNA that can be introduced into bacteria and some other organisms. Most plasmids remain independent of the genome of the cell, but their DNA can still be expressed by the machinery of the cell. They typically contain an antibiotic resistance gene, allowing the experimenter to select for cells that have a plasmid of choice inside of them.  The word “vector” is frequently used interchangeably with “plasmid”, particularly when bacteria are being engineered.

Primer- A short segment of single-stranded DNA that is used to initiate PCR at a particular location on a strand of DNA.

Promoter- A short sequence of DNA that encodes instructions to begin making a protein. The “strength” of the promoter refers to the rate at which protein is made from the gene controlled by the promoter. 

Repression (also: catabolic repression)- Addition of a chemical to prevent gene expression. Most inducible promoters are somewhat “leaky,” meaning that a low level of gene expression occurs even in the absence of chemical stimulus. Additional genetic machinery is sometimes added to specifically block the expression of a particular gene for this reason. The araBAD promoter in particular is strongly repressed when the concentration of glucose is high and that of arabinose is low. By adding glucose the repression is more effective, and the gene is said to be catabolically repressed. 

Restriction Enzyme- Enzyme which cuts DNA at a specific sequence. Some enzymes cut the DNA at the recognition sequence, and certain enzymes, such as BsaI and BsmBI, cut a few base-pairs away from the recognition site. These are commercially available. 

Sticky End- This term is best explained by illustration. Recall that DNA exists in a double-helix. Adenine (A) always pairs with Thymine (T) and Cytosine (C) always pairs with Guanine (G):
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Figure 1: EcoRI recognition site

We have some arbitrary block of DNA called A which is N-terminal, or upstream of, this site, and an equally arbitrary block of DNA called B which is C-terminal, or downstream of, this cite. Restriction enzymes recognize and cut at specific sequences, but the cut is usually in an L-shaped pattern, such as for the restriction enzyme EcoRI, where the cut is shown in red:
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Figure 2: EcoRI restriction site with cleavage shown in red

 

After cutting with EcoRI, strand A is now separated from strand B. 

[image: ]

Figure 3: Sticky ends resulting from an EcoRI digest



Notice how each strand is now attached to 4 bases of DNA that are not paired with anything. This is known as a sticky end, because it will bind to a strand of DNA that has the corresponding, complementary end. When some arbitrary block of DNA called C is introduced with the appropriate sticky ends:
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Figure 4: Arbitrary block of DNA, digested with EcoRI and to be inserted between blocks A and B

Block C will spontaneously, and neatly, insert between blocks A and B:
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Figure 5: Result of ligation of blocks A, B, and C

Using a ligase, it is possible to undo the cut of the restriction enzyme, and make this kind of linkage permanent. The restriction enzyme also has to be removed prior to ligation, to prevent the ligation from being undone straightaway by the restriction enzyme. 

Mechanistically, the freshly cut “sticky” ends are prevented from re-association by a modification to each end. Typically, a phosphatase is used to remove a phosphate group from strands A and B. Without a phosphate group on at least one strand, the ligase cannot form the phosphodiester bond that links the DNA backbone in place. If a phosphate group is present on at least one strand, the ligase is able to act. Block C, however, is not acted upon by a phosphatase, and is therefore able to be ligated in place. 

Terminator- A segment of DNA that forms a hairpin or other complex shape downstream of the stop codon. This prevents further transcription of the DNA downstream of the terminator. 

Transformation- Process of inserting a plasmid into a cell. Frequently done using a short pulse of electricity (electroporation). 

Transcription- The process by which DNA is made into messenger RNA (mRNA). Requires the action of an RNA polymerase enzyme upon a strand of DNA. Gene expression is sometimes regulated at this stage by proteins or DNA loops that block the action of the RNA polymerase and prevent transcription unless a specific condition is met (this is called “transcriptional regulation.”) Certain forms of induction remove a transcriptional repressor, such as the araBAD promoter: when arabinose is present, the transcriptional repressor is removed, and transcription occurs, followed by translation.  

Translation- The process by which messenger RNA (mRNA) is made into a polypeptide. Requires the action of a ribosome, and transport RNA (tRNA). The mRNA is “read” three bases at a time (see “codon”). Gene expression is sometimes regulated at this stage by proteins which bind the mRNA and block the action of the ribosome unless specific conditions are met, or alternately, will recruit the ribosome to the mRNA when certain conditions are met (this is called “translational regulation.”)  

Upstream and downstream- See N-terminal and C-terminal.

Vector- A method, or construct, for carrying foreign DNA or RNA into a cell. Plasmids are common vectors in bacterial engineering, and the word “vector” is frequently used interchangeably with “plasmid”, particularly when bacteria are being engineered. 

Common symbols and conventions

This article uses various cartoons of DNA constructs, such as:
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These cartoons follow synthetic biology conventions commonly found in literature, which are described below. 

The big, blocky arrows on the centerline represent genes. Because DNA is double-stranded, gene expression can be encoded on either the “top” strand, or on the “bottom” strand, and in this case, there are genes encoded on both. For instance, the arrow:
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Means that there is a gene called araC, whose N-terminus is on the right, and whose C-terminus is on the left, meaning the gene is encoded on the “bottom” strand, whereas

[image: ]

means there is a gene called “autotransporter” whose N-terminus is on the left, and whose C-terminus is on the right; the gene is encoded on the “top” strand. 

The right angle arrows above the centerline represent promoters, such as:
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which means that the promoter called araBAD is controlling the expression of genes to the right, on the “top” strand. Finally, the last symbol used:
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is the symbol for a terminator, here being a terminator called rrnB_T1. We have also included restriction enzyme sites, and their sticky ends, when relevant:

[image: ]



where the vertical bars indicate where a particular restriction site is located, and what the resulting sticky end is. Sticky ends for enzymes such as BsmBI, AarI, and BsaI are slightly different from the palindromic sticky ends produced by restriction enzymes such as EcoRI, BglI, SpeI, SacI, or SalI. For a full explanation of this difference, and its relevance to cloning, see next section. 



Brief explanation of Golden Gate assembly, and the MoClo system

In this section, we will discuss Golden Gate cloning, so named by its originators in 2008 (see: PLoS One. 2008; 3(11): e3647). We will also discuss the so-called “modular cloning” (MoClo) system, which attempts to reduce the amount of planning required in assembling large constructs by Golden Gate assembly.  

Before proceeding further, we stress that ligation must result in a circular plasmid for cloning to work. Linear DNA transformed into a bacterial cell will not propagate, and will not confer antibiotic resistance. While we will be showing a block “A” and a block “B” as being in a straight line in the following figures, they are in fact part of the plasmid loop, which we omit for clarity. A more accurate picture looks like this:
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Figure 6: Plasmid before and after digest

The top of the figure shows A and B as part of a circular plasmid. After digestion, the sticky ends move apart, and this is now a linear piece of DNA which will not propagate unless the two halves are ligated together. Any cloning which leaves a gap of any kind between A and B results in a non-circular plasmid, and therefore a colony will not appear. In the following diagrams we will omit the illustration that A and B are connected to each other in a circular fashion, but this should be understood to be the case.  

Golden Gate Assembly takes advantage of the properties of Type IIS restriction enzymes, which cut several base-pairs downstream of their recognition site. Here’s an example, using the restriction enzyme BsaI:
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Figure 7: BsaI restriction site, with cleavage site in red

The recognition site is GGTCTC on the top strand, but notice how the cut actually occurs two base pairs to the right. It does not matter what those bases are: the symbol “N” is used to represent ANY DNA base pair, and so the sticky end can be whatever is most convenient to the experimenter. Recall that the experimenter is able to order custom DNA, or add or subtract specific sequences by PCR, so this site can be designed however is convenient. If all of the DNA bases on the bottom strand were guanine (g), the sticky ends would look like this:
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Figure 8: Result of a single digest at a BsaI site

 

The reason this is useful to the experimenter is that it allows very precise selection of what will be inserted into the gap opened by the BsaI cut. So in the example below:
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Figure 9: Illustration of selective insertion of block C between blocks A and B based on compatible sticky ends



Only the insertion of block C results in a closed plasmid (ACB), whereas the insertions made by D and E do not result in a closed plasmid, and therefore these clones do not propagate. If a few minor adjustments are made, these blocks can be assembled in a specific order:
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Figure 10: Complex Golden Gate assembly made possible by careful selection of sticky ends

By carefully selecting the sticky ends, we can assemble the blocks in the order ACDEB. This is a closed plasmid, and will propagate. However, while intuitive, this approach has a few drawbacks. First, while you can assemble ACDEB, you can also assemble AB, and colonies that have the construct ACDEB can only be distinguished by DNA sequencing. This requires either use of phosphatase in the initial digest, or selecting a lot of colonies for sequencing and hoping that one of them is correct. Second, the BsaI sites are still present in the assembled construct, meaning that the construct can be cut apart again by BsaI. Practically, this means that the digestion step has to be done first, and the restriction enzyme removed by a purification step, before ligation can occur. Finally, the recognition sites GGTCTC are present in the completed construct. These will code for glycine and leucine, or valine, or serine, depending on the reading frame, which may be deleterious depending on the proteins being encoded. The solution is to put the recognition site on the piece of DNA which is intended to not be a part of the construct. To understand this, we must remember that the BsaI site can also be set to cut behind the recognition site:
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Figure 11: The recognition site of BsaI can be made upstream or downstream of the desired cleavage

On the left side recognition site, GGTCTC is read left-to-right on the top strand. On the right side, the bottom strand read right-to-left is also GGTCTC. After digestion, block B has this appearance:
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Figure 12: Sticky ends on N-terminal top strand, and C-terminal bottom strand

There are two sticky ends, which are denoted N and therefore can be whatever the experimenter deems convenient. On the left side, the sticky end is on the “top” strand, and on the right, it is on the “bottom” strand. Note that the recognition site for BsaI has been removed. So, with this in mind, and with some clever planning, we can revise figure 10 so that the digests and assembly look like this:
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Figure 13: A better Golden Gate assembly



Here, we introduce a group between A and B on the initial plasmid, which we refer to as the dropout and which is given the symbol null (Ø). In this example, we’ll make the dropout a gene that constitutively expresses GFP, so cells with the dropout are green, and those without are colorless. When we digest with BsaI, we are presented with the sticky ends shown. Note that the sticky ends attached to A and B are not compatible with each other, and therefore the construct AB should not occur. We create block C by digest as shown, and blocks D and E by a similar process, omitted for clarity. When we ligate, we get two products, either the dropout returning to its spot between A and B, or ACDEB. However, note how the dropout returning to its spot between A and B has also recreated a recognition site for the restriction enzyme, whereas the assembly of ACDEB does not have any recognition sites. This means AØB can still be cut with BsaI, but ACDEB cannot. Note also that AØB is green, but ACDEB is not. It is therefore very easy to select colonies likely to have ACDEB, and this selection can even be automated. Finally, because the restriction digest is reversible but the ligation of the desired construct is irreversible, this assembly can be constructed in one pot. The plasmid AB and blocks C, D, and E, can all be mixed together with both restriction enzyme and ligase at the same time. There is no need to run gels, digest with phosphatase, purify the blocks separately, etc. This can represent a considerable savings of time, effort, and irritation to the experimentalist. The only downside is that the sticky ends will code for a particular amino acid, but careful selection of the sticky end can result in that amino acid being small and relatively innocuous, such as glycine or alanine. Eliminating these “cloning scars”, namely, leftover bits of DNA that code for amino acids we may not want, can be accomplished using a technique called Gibson Assembly, which is beyond the scope of this tutorial.  

As we have seen, Golden Gate Assembly is versatile, allows assembly of complex constructs, and can be done in one pot. Consequently, devising the Golden Gate cloning strategy requires a little more thought than other restriction digests. The MoClo cloning system and toolkit developed by Duebner and others is a “by-the-numbers” approach to assembling complex constructs using interchangeable parts (see “A Highly Characterized Yeast Toolkit for Modular, Multipart Assembly. ACS Synth. Biol. 4, 975-986, doi:10.1021/sb500366v (2015)). A set of specific ends has been developed with recognition sites for the restriction enzymes BsmBI and BsaI. A “Type 1” end is designed to link only with a “Type 2” end. A “Type 2” end will connect only with a Type 1 end on the N-terminus, and only with a Type 3 end on the C-terminus. A type 3 end will connect only with a Type 2 end on the N-terminus, and a Type 4 end on the C-terminus, and so forth. Some of these ends are even further subdivided, such as a Type 3a and a Type 3b end. This allows for complex assemblies to take place. The technique is further enhanced by use of fluorescent dropouts, as previously explained. 
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Figure 14: MoClo in a nutshell: this completed construct would insert into a plasmid designed to accept a Type 2 and a Type 4 end



Interchangeability allows for the easy construction of a diverse range of constructs. For example, in the figure above we have a promoter as a Type 2 part, an epitope tag as a Type 3a part (FLAG), a protein of interest as a Type 3b part (Very Interesting Protein, or VIP), and a terminator as a Type 4 part. We may want to make many different versions of this construct using different promoters, terminators, or epitope tags, as each of these parts can influence how well a protein expresses. Alternately, we may want to make slightly different versions of the protein of interest, to probe how it functions or how its performance might be improved. Using the MoClo system, as long as the recognition sites and sticky ends are correct, these individual parts can be prepared, and stored long-term, then assembled as needed. MoClo also encodes the ability to make more elaborate multiple-gene constructs, but that is beyond the scope of the current work. 



    List of MoClo ends, and primers, for reference

These ends contain BsaI and BsmBI recognition sites. 

		Type

		5'

		 

		3'



		Type 1

		GCATCGTCTCATCGGTCTCA  CCCTGAATTCGCATCTAGA

		

		AACG  TGAGACCTGAGACGGCAT



		Type 2

		GCATCGTCTCATCGGTCTCA  AACG

		

		TATG  TGAGACCTGAGACGGCAT



		Type 2a

		GCATCGTCTCATCGGTCTCA  AACG

		

		GGAG  TGAGACCTGAGACGGCAT



		Type 2b

		GCATCGTCTCATCGGTCTCA  GGAGAAAA

		

		TATG  TGAGACCTGAGACGGCAT



		Type 3

		GCATCGTCTCATCGGTCTCA  TATG

		

		GGATCC  TGAGACCTGAGACGGCAT



		Type 3a

		GCATCGTCTCATCGGTCTCA  TATG

		

		GGTTCT  TGAGACCTGAGACGGCAT



		Type 3b

		GCATCGTCTCATCGGTCTCA  TTCT

		

		GGATCC  TGAGACCTGAGACGGCAT



		Type 4

		GCATCGTCTCATCGGTCTCA  ATCCTAACTCGAG

		

		GCTG  TGAGACCTGAGACGGCAT



		Type 4a

		GCATCGTCTCATCGGTCTCA  ATCC

		

		TAACTCGAGTGGC  TGAGACCTGAGACGGCAT



		Type 4b

		GCATCGTCTCATCGGTCTCA  TGGC

		

		GCTG  TGAGACCTGAGACGGCAT



		Type 6

		GCATCGTCTCATCGGTCTCA  TACA

		

		GAGT  TGAGACCTGAGACGGCAT



		Type 6 lox

		GCATCGTCTCATCGGTCTCA  TACATACCGTTCGTATAGCATACATTATACGAAGTTAT

		

		GATAACTTCGTATAGCATACATTATACGAACGGTAGAGT  TGAGACCTGAGACGGCAT



		Type 7

		GCATCGTCTCATCGGTCTCA  GAGT

		

		CCGA  TGAGACCTGAGACGGCAT



		Type 8a

		GCATCGTCTCATCGGTCTCA  CCGAGCGGCCGC

		

		GCGGCCGCCAAT  TGAGACCTGAGACGGCAT



		Type 8b

		GCATCGTCTCATCGGTCTCA  CAAT

		

		CCCT  TGAGACCTGAGACGGCAT



		Type 8

		GCATCGTCTCATCGGTCTCA  CCGAGCGGCCGC

		

		GCGGCCGCCCCT  TGAGACCTGAGACGGCAT



		

		

		

		



		

		

		

		



		Primers

		

		

		



		universal YTK001 F

		CCTGATTCTGTGGATAACCGT

		

		



		universal YTK001 R

		AGTACTGCGATGAGTGGCAG

		

		



		universal Type 2 F

		GCATCGTCTCATCGGTCTCAA

		

		



		universal Type 2 R

		ATGCCGTCTCAGGTCTCACAT

		

		



		universal Type 3 F

		GCATCGTCTCATCGGTCTCAT

		

		



		universal Type 3 R

		ATGCCGTCTCAGGTCTCAG

		

		



		universal Type 3a F

		GCATCGTCTCATCGGTCTCA

		

		



		universal Type 3a R

		ATGCCGTCTCAGGTCTCAAG
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