[bookmark: _GoBack]THE STEPS IN 3A ASSEMBLY OF PLANTIFREEZE AND ANALYSIS OF TARGET PROTEIN SECRETION

Step #1: 
· synthesis of T7-RBS-RiAFP/6xHis DNA fragment by IDT
· synthesis of HlyA-double terminator DNA fragment by IDT

Step #2: using Biofusion standard RFC 23 and digestion/ligation, make composite part: T7-RBS-RiAFP/6xHis/HlyA-double terminator in linearized pSB1A3

Step#3: transform competent NEB 10 beta E coli with pSB1A3 containing T7-RBS-RiAFP/6xHis/HlyA-double terminator
· Grow up stock of transformed cells in SOC medium

Step #4: obtain pLG575 plasmid from Utah State Department of Biologic Engineering (carries tet-regulated HlyBD proteins necessary for HlyA-tagged protein secretion)
· transform competent NEB 10 beta E coli with pLG575 (carries gene for CmR)
· Grow up stock of transformed cells in SOC medium

Step#5: co-transform BL21 DE3 strain of E coli with pSB1A3 having T7-RBS-RiAFP/6xHis/HlyA-double terminator AND pLG575

Step#6: using IPTG, induce expression and secretion of RiAFP in SOC culture of co-transformed BL21 DE3 strain of E coli

Step#7: using SDS-PAGE Western immunoblotting and anti-6xHis antibody, perform analysis of culture supernatant for evidence of secreted RiAFP




DESCRIPTION OF METHODS 

PlantiFreeze is a dual plasmid system. One plasmid controls RiAFP expression and is tagged with a 6x His motif and a HlyA secretion signal.  The 6-Histidine Tag serves as a tag for Western Blotting.  The second plasmid, pLG575, carries tet-regulated HlyBD proteins necessary for HlyA-tagged protein secretion.  Thus the system must coexpress RiAFP as well as HlyBD proteins.  This is achieved with a dual compatible plasmid system. Secretion in the extracellular space is achieved using the type I alpha-hemolysin secretion system of E. coli. 

Genetic circuits were constructed for the expression and secretion of RiAFP in accordance with the BioBrick and BioFusion technical standards. The BioFusion standard (RFC 23) was specifically used to create the RiAFP and signal peptide part, the components of which were synthetically produced by IDT, and ligated into a pSB1A3 plasmid.  The basic structure of the fusion protein / C-terminal signal peptide genetic circuit is depicted in Figure 1.  

[bookmark: _Ref258832476]Figure 1. 	Genetic part expressing RiAFP with His tag and secretion signal peptide
(T7)


The pLG575 plasmid was kidly supplied by the iGEM team from Utah State.

Direct synthesis of parts of BioBrick device.  To save time, the component parts of the fusion protein (see Figure 1) were directly synthesized by IDT as GBlocks® Gene Fragments, double-stranded, sequence-verified genomic blocks. The nucleotide sequences for the parts come from the part sequence found in the Registry of Biologic Parts. 

Fusion of parts of BioBrick device.  The current Biobrick assembly standard RFC[10] does not support the construction of fusion proteins because ligating two parts together results in a 8-bp scar that shifts the reading frame of the second protein. Thus, another assembly standard must be chosen when building chimeric proteins, such as the Silver Biofusion standard RFC[23], which allows for the in-frame fusion of parts with its 6-bp ligation scar.
[bookmark: _Ref258837893] Figure 2.  	Biofusion assembly of two BioBrick parts
[image: Macintosh HD:private:var:folders:m0:yl441nnn3cx27y6dj_pz3rd80000gn:T:TemporaryItems:Biofusion_standard.jpg]


Silver’s standard involves deletion of one nucleotide from the Xbal and SpeI site, which shortens the scar site by 2 nucleotides, which now forms a 6bp scar sequence. The 6bp sequence allows the reading frame to be maintained.  The scar sequence codes for the amino acid threonine (ACT) and Arginine (AGA) ( Figure 2).  This minor improvement allows for the formation of in-frame fusion protein. When constructing fusion proteins, it is necessary to make sure that stop codons only appear at the end of the DNA sequence so that translation of the resulting mRNA does not stop prematurely.

The linearized construction plasmid is cut with EcoRI (E) and PstI (P). The prefix part of the Biofusion composite part is cut with EcoRI (E) and SpeI (S). The suffix part is cut with XbaI (X) and PstI (P). The resulting DNA pieces are then ligated together to form the Biofusion composit part (Figure 3). All restriction enzymes and related reagents were purchased From New England Biologics. 
[bookmark: _Ref258844419]Figure 3. 	Schematic of the Process of Biofusion
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The biofusion composite part, ligated into pSB1A3, is next used to transform NEB 10-beta Competent E. coli (New England Biologics). The transformed cells are plated on agar supplemented with ampicillin.  After incubation, an inoculating loop is used to pick a single colony from the agar plate and inoculate the SOC media, in the appropriately labeled 14 ml culture tube. The caps should be a bit loose to allow for air flow.  S.O.C. Medium is used in the final step of bacterial cell transformation to obtain maximal transformation efficiency of E. coli. The culture tubes are incubate for 16 hours at 37°C, in a rotator or shaker.  Rotation helps the cells grow faster, and prevents them from settling at the bottom.  After incubation, the cell culture should be cloudy. The tubes of the cell culture were stored at 4°C until ready to move onto the next step (Figure 4).

[bookmark: _Ref258848564]Figure 4. 	Tranformation of NEB 10 beta cells with plasmid containing biofusion part
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Plasmid pLG575.  Plasmid pLG575 (pACYC184 derivative, HlyBD, p15A origin, CmR) includes the coding regions for proteins HlyB and HlyD.  The plasmid was a gift from the iGEM team at Utah State.  NEB 10 beta cells were transformed with the plasmid an the transformed cells were grown on agar supplemented with chloramphenicol. Single colonies of the bacteria were grown up in LB broth with chloramphenicol.

Miniprep. Cell cultures of E. coli containing lots of copies of the plasmid with RiAFP and copies of plasmid pLG575 have been prepared:
1. NEB 10 beta cells containing the RiAFP plasmids in SOC media with ampicillin
2. NEB 10 beta cells containing the plG575 plasmid in SOC media with chloramphenicol
  
In order to access the two plasmids, it will be necessary to lyse the cells (make them burst open), separate the plasmid DNA from the cellular material, and purify the samples to make sure you only have the plasmid DNA and not the E. coli's own genomic DNA (Figure 5).


[bookmark: _Ref258934434][bookmark: _Ref258941104]  Figure 5.  	Miniprep of transformed cells

The first stage of the mini-prep involves lysing the cells, removing the denatured protein fro lysate by centrifugation 
In the second stage, cell lysate is passed thru spin column where plasmid DNA is bound. It is released from column thru an elution solution


Co-transformation of competent BL21 DE3 cells.  PlantiFreeze is a dual plasmid system.  One plasmid controls RiAFP expression which is tagged with a 6x His motif and a HlyA secretion signal. RiAFP/6xHis/HlyA is a fusion protein.  The second plasmid, pLG575, carries DNA for tet-regulated HlyBD proteins necessary for HlyA-tagged protein secretion (Figure 5).  

[bookmark: _Ref258916005]Figure 6.  	Schematic for RiAFP secretion containing dual plasmid system
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Plasmid pLG575 has p15A origin of replication and carries the chloramphenicol resistance marker.  The two plasmids were transformed into recipient competent BL21 DE3 cells (huA2 [lon] ompT gal (λ DE3) [dcm] ∆hsdSλ DE3 = λ  sBamHIo ∆EcoRI-B int::(lacI::PlacUV5::T7 gene1) i21 ∆nin5, NEB).  BL21 DE3 cells were required for several reasons.  The plasmid for RiAFP expression has a T7 promoter for high level of expression and requires an E coli host containing a chromosome copy of the T7 RNA polymerase gene (DE3). The co-transformation is performed one plasmid at a time.  BL21 DE3 strains are deficient in OmpT and Lon proteases that could otherwise induce proteolysis of overexpressed proteins.

First, the Biofusion part (with RiAFP) in pSB1A3 will be transformed into recipient BL21 DE3 cells and these will be plated on agar supplemented with ampicillin and grown up in culture tubes with SOC media supplemented with ampicillin (Figure 6).  



[bookmark: _Ref258915361]Figure 7. 	Transformation of pSB1A3 with RiAFP into competent BL21 DE3 cells
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These cells are minipreped and then the BL21 DE3 cells previously transformed with pSB1A3 carrying RiAFP DNA will be co-transformed with pLG575 and plated on agar supplemented with ampicillin and chloramphenicol (Figure 7).  

[bookmark: _Ref258916804]Figure 8.  	Transformation of pLG575 plasmid into competent cells previously transformed with pSB1A3
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Studies on RiAFP secretion will be performed on the co-transformed BL21 DE3 cells.

Strains and plasmids.  Descriptions of strains and plasmids used are provided Table 1. 

[bookmark: _Ref258934676][bookmark: _Ref258934640]Table 1. Strains and plasmids used in this study
	
	Relevant Characteristics

	Strain
	

	NEB 10 beta
	

	BL21 DE3
	(huA2 [lon] ompT gal (λ DE3) [dcm] ∆hsdSλ DE3 = λ  sBamHIo ∆EcoRI-B int::(lacI::PlacUV5::T7 gene1) i21 ∆nin5

	Plasmids
	

	pLG575
	pACYC184 derivative, HlyBD, p15A origin, CmR

	pSB1A3
	High copy BioBrick vector, pMB1 origin, AmpR

	pSB1A3 with RiAFP
	RiAFP, C-terminal BioFusion with HlyA signal peptide, T7 promoter (BBa_ I712074), RBS(BBa_B0034), in pSB1A3





Media formulation and growth conditions.  To be written

RiAFP expression and secretion studies.  To be written

IPTG was added after 1 hr of growth to a final concentration of 0.1 mM
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