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1. Introduction 
 
Tool development and their proper evaluation are core aspects of Synthetic Biology. In our iGEM 2017 
project EncaBcillus one main idea was to establish Peptidosomes with encapsulated bacteria as efficient 
protein overproduction platform. We took advantage of B. subtilis’ ability to efficiently secrete proteins into 
its environment in order to increase overall yields and to simplify the purification of the desired proteins. 
Therefore, we developed a general expression Evaluation Vector (EV) with easily exchangeable units: I) 
allowing the replacement of the promoter (which drives the system) and II) a multiple cloning site enabling 
to work with translationally fused composite parts. In our case, a typical composite part consists of a signal 
peptide (for secretion in B. subtilis) and a protein of interest. 

In summary, our EV was designed to fulfill the following distinct features:  

 Exchangeable promoter region 
 Insertion of basic or composite parts as expression units 
 Fulfilling the RFC10 and RFC25 BioBrick standard 
 Easy cloning and screening procedure in Escherichia coli 

As the project was based on the Gram-positive model organism 
B. subtilis, we decided to use a previously well-evaluated B. 
subtilis vector as source for our Evaluation Vector: the 
integrative vector pBS1C [1]. In brief, the vector has the 
following features for cloning in E.coli: an ori of replication and 
the bla gene mediating resistance against ampicillin. The B. 
subtilis specific part of the vector contains the multiple cloning 
site (MCS) in RFC10 standard, a cat cassette providing resistance 
against chloramphenicol and flanking regions needed for 
integration into the amyE locus. After integration into α-
amylase, the resulting disruption of the native gene leads to a 
loss of this enzymatic activity, thereby making it a vector easy to 
screen for by performing a starch test for positive integration 
events. (For a detailed description please have a look at Radeck 
et al., 2013 [1]) 

We aimed for an easy cloning and screening procedure in our 

cloning host E. coli. To accomplish that, we chose to set the 

construct RFPsyn2 as placeholder for the N-terminally fused 

protein and the gene lacZα for the C-terminally fused protein, respectively (Figure 1). Therefore, the blue 

color of lacZα carrying colonies and thereby X-Gal degrading colonies masks the red color of the RFPsyn2 on 

X-Gal containing agar plates. However, on not X-Gal containing agar plates, the red color of the RFPsyn2 will 

be visible. E. coli colonies carrying neither lacZα nor RPFsyn2 will stay white. Thereby, successful 

transformation events can be identified easily. 

Based on our design, we established the following three SOP protocols for cloning with the EV: 

1. Cloning with the EV 

2. Cloning with the Signal Peptide Evaluation Vector (SP-EV) 

3. High throughput screening procedure for B. subtilis 

Further information and examples for the Cloning with the EV, Cloning with the SP-EV and the high 

throughput screening procedure for B. subtilis are provided via the embedded links. 

Figure 1: Vector map of the EV. The MCS is indicated 
in colors, grey elements refer to features necessary for 
cloning in E. coli and the white elements refer to B. 
subtilis specific vector parts. 

http://2017.igem.org/Team:TU_Dresden
http://2017.igem.org/Team:TU_Dresden
http://2017.igem.org/Team:TU_Dresden/Composite_Part
http://parts.igem.org/Help:Standards/Assembly
https://www.ncbi.nlm.nih.gov/pubmed/24295448
https://www.ncbi.nlm.nih.gov/pubmed/24295448
http://2017.igem.org/Team:TU_Dresden/Composite_Part
http://2017.igem.org/Team:TU_Dresden/Measurement
http://2017.igem.org/Team:TU_Dresden/Measurement
http://2017.igem.org/Team:TU_Dresden/Measurement
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2. Cloning with the EV 
 

We constructed the Evaluation Vector (EV) to quickly screen for the secretion of a protein of interest. This 

vector contains a specifically designed MCS equipped with reporters to quickly identify positive 

replacements by insert integration. Additionally, this vector can be applied for the expression of any other 

fusion protein of interest regulated by a promoter of your choice. 

 

 SOP 

1 Exchange of the promoter: 
Digest both, the provided EV and the new promoter using the restriction enzymes EcoRI and BsaI. 
 

Successfully transformed E. coli colonies stay blue. 
 

2 Insertion of the C-terminally fused protein: 
Digest both, the EV from step 1 and the new gene of interest using the restriction enzymes NgoMIV 
and PstI. 
 

Successfully transformed E. coli colonies become red. 
 

3 Insertion of the N-terminally fused protein: 
Digest the EV from step 2 using the restriction enzymes BsaI and NgoMIV BUT digest the gene of 
interest using the restriction enzymes XbaI and AgeI. 
 

Successfully transformed E. coli colonies become white. 

 We recommend to purify all digested products via gel extraction. 
 

For transformation, always use agar plates containing final concentrations of 1 mM IPTG, 100 μg/ml 
X-Gal and 100 μg/ml ampicillin. 
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3. Cloning with the Signal Peptide-Evaluation Vector (SP-EV) 
 

Bacillus subtilis has four different secretion pathways, however the majority of proteins are being secreted 

via the general Sec pathway. This pathway has been identified playing a crucial role in protein secretion as 

common element among all domains of life [2]. In the Sec pathway, the secretion of proteins into the 

surrounding supernatant is orchestrated by Signal Peptides (SP). These SPs are located upstream of the 

protein to be secreted. Intracellularly, the SP is translationally fused to the specific protein but cut off during 

the membrane translocation process releasing the protein into the supernatant without the signal peptide 

attached to it. [3] 

So far, approximately 170 SPs belonging to the Sec pathway of B. subtilis have been annotated. 

Unfortunately, no correlations on sequence levels have been identified that link efficient protein secretion 

with a distinct SP [4]. Thus, the problem of having to create one clone per combination of SP and protein of 

interest remains. Therefore, we created the so-called Signal Peptide Mixes (SPMs), a set of libraries with 

each containing equal concentrations of up to twenty distinct SPs which can be easily enriched via multi-

template PCR. All 74 SPs which we do provide were therefore assigned to four distinct SPM subsets (Table 

1). The amplified SPs can then be combined with our Signal Peptide Evaluation Vector (SP-EV) and the gene 

of interest. We call this approach, the Signal Peptide Toolbox. 

 
Table 1: SPM subsets a-d of all submitted Sec SPs. 
 

SPM subset a 

AmyE AspB BglS Bpr CccA CitH Csn DacB DacF DltD 

Epr FliL FliZ GlpQ LipA LytB LytC LytD   

           
SPM subset b 

LytR Mdr Mpr NprE PbpX Pel PelB PenP PhoA PhoB 

PhrA PhrC PhrF PhrG PhrK RpmG     

          
SPM subset c 

SacB SacC SleB SpoIID SpoIIP SpoIIQ SpoIIR TyrA Vpr WapA 

YbbC YbbE YbbR YbdG YbdN YbfO YbxI YdbK YdhT YdjM 

          
SPM subset d 

YdjN YfhK YfjS YfkD YfkN YhcR YhdC YhfM YhjA YjcN 

YjdB YjfA YjiA YkoJ YkvV YkwD YlaE YlbL YlqB YlxF 
 

The provided SOP for cloning with the SP-EV is a modified version of the SOP for cloning with the EV. This 

SOP was tailored to explain the random integration of the SPs using the cloning host E. coli. 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/17938627
https://www.ncbi.nlm.nih.gov/pubmed/16997527
https://www.ncbi.nlm.nih.gov/pubmed/16930615
http://parts.igem.org/Part:BBa_K2273023
http://parts.igem.org/Part:BBa_K2273024
http://parts.igem.org/Part:BBa_K2273025
http://parts.igem.org/Part:BBa_K2273027
http://parts.igem.org/Part:BBa_K2273026
http://parts.igem.org/Part:BBa_K2273032
http://parts.igem.org/Part:BBa_K2273023
http://parts.igem.org/Part:BBa_K2273029
http://parts.igem.org/Part:BBa_K2273030
http://parts.igem.org/Part:BBa_K2273031
http://parts.igem.org/Part:BBa_K2273004
http://parts.igem.org/Part:BBa_K2273005
http://parts.igem.org/Part:BBa_K2273006
http://parts.igem.org/Part:BBa_K2273007
http://parts.igem.org/Part:BBa_K2273008
http://parts.igem.org/Part:BBa_K2273009
http://parts.igem.org/Part:BBa_K2273010
http://parts.igem.org/Part:BBa_K2273011
http://parts.igem.org/Part:BBa_K2273043
http://parts.igem.org/Part:BBa_K2273044
http://parts.igem.org/Part:BBa_K2273046
http://parts.igem.org/Part:BBa_K2273048
http://parts.igem.org/Part:BBa_K2273051
http://parts.igem.org/Part:BBa_K2273052
http://parts.igem.org/Part:BBa_K2273053
http://parts.igem.org/Part:BBa_K2273054
http://parts.igem.org/Part:BBa_K2273055
http://parts.igem.org/Part:BBa_K2273056
http://parts.igem.org/Part:BBa_K2273057
http://parts.igem.org/Part:BBa_K2273058
http://parts.igem.org/Part:BBa_K2273059
http://parts.igem.org/Part:BBa_K2273060
http://parts.igem.org/Part:BBa_K2273061
http://parts.igem.org/Part:BBa_K2273062
http://parts.igem.org/Part:BBa_K2273063
http://parts.igem.org/Part:BBa_K2273064
http://parts.igem.org/Part:BBa_K2273065
http://parts.igem.org/Part:BBa_K2273066
http://parts.igem.org/Part:BBa_K2273067
http://parts.igem.org/Part:BBa_K2273068
http://parts.igem.org/Part:BBa_K2273069
http://parts.igem.org/Part:BBa_K2273070
http://parts.igem.org/Part:BBa_K2273071
http://parts.igem.org/Part:BBa_K2273072
http://parts.igem.org/Part:BBa_K2273073
http://parts.igem.org/Part:BBa_K2273074
http://parts.igem.org/Part:BBa_K2273075
http://parts.igem.org/Part:BBa_K2273076
http://parts.igem.org/Part:BBa_K2273077
http://parts.igem.org/Part:BBa_K2273078
http://parts.igem.org/Part:BBa_K2273079
http://parts.igem.org/Part:BBa_K2273080
http://parts.igem.org/Part:BBa_K2273081
http://parts.igem.org/Part:BBa_K2273082
http://parts.igem.org/Part:BBa_K2273083
http://parts.igem.org/Part:BBa_K2273084
http://parts.igem.org/Part:BBa_K2273085
http://parts.igem.org/Part:BBa_K2273086
http://parts.igem.org/Part:BBa_K2273087
http://parts.igem.org/Part:BBa_K2273088
http://parts.igem.org/Part:BBa_K2273089
http://parts.igem.org/Part:BBa_K2273090
http://parts.igem.org/Part:BBa_K2273091
http://parts.igem.org/Part:BBa_K2273092
http://parts.igem.org/Part:BBa_K2273093
http://parts.igem.org/Part:BBa_K2273094
http://parts.igem.org/Part:BBa_K2273095
http://parts.igem.org/Part:BBa_K2273096
http://parts.igem.org/Part:BBa_K2273097
http://parts.igem.org/Part:BBa_K2273098
http://parts.igem.org/Part:BBa_K2273099
http://parts.igem.org/Part:BBa_K2273100
http://parts.igem.org/Part:BBa_K2273101
http://parts.igem.org/Part:BBa_K2273102
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 SOP Example 

  This column explains the SOP aiming to identify 
the best SPs for highest secretion of the B. 
subtilis alpha-Amylase. 
 

1 Promoter exchange: Digest both, the provided EV 
and the new promoter using the restriction 
enzymes EcoRI and BsaI. 
 

Successfully transformed E. coli colonies stay 
blue. 
 

For our EV, we did not replace the xylose-
inducible promoter PxylA. 

2 Protein of interest insertion: Digest both, the EV 
from step 1 and the new gene of interest using 
the restriction enzymes NgoMIV and PstI. 
 

Successfully transformed E. coli colonies become 
red. 
 

We inserted the gene amyE which encodes for 
the alpha-Amylase of B. subtilis. 

3 Signal Peptide insertion: Digest the EV from step 
2 using the restriction enzymes BsaI and NgoMIV. 
 

 

4 Aliquot all SPs to 0.5 ng/µL and distribute up to 
20 SPs to each SPM subset. 
 

The SPs were distributed as stated in Table 1. 

5 Amplify all SPM subsets via standard PCR using 
the RFC10 prefix as forward primer (TM4487) 
and suffix as reverse primer (iG17P039). 
 

We recommend the following adjustments: 
- 1.5 μM end concentration for each primer 
- 1.5 ng SPM subset per 100 µl reaction 
- 30 amplification cycles to avoid artifacts 

We used the following PCR setting: 
 

Mix Programme* 

66 µl MiliQ 
20 µl 5x Q5 buffer 
15 µl forward primer 
15 µl reverse primer 
3 µl SPM subset 
2 µl dNTPs 
1 µl Q5 polymerase** 

98°C 
98°C 
63°C 
72°C 
72°C 
15°C 

30 s 
10 s 
40 s 
20 s 
2 min 
pause 

* repeat cycle steps two to four for thirty times 
** purchased from NEB 
 

6 Digest all SPM subsets from step 5 using the 
restriction enzymes XbaI and AgeI. 
 

 

7 Distribute equal amounts of digested EV from 
step 3 to each digested SPM subset and fuse the 
SPs into the EV. 
 

For our ligation, we chose to fuse 12.5 μl of EV 
with 7.5 μl of SPM subset. 

8 Use the ligation mix from step 7 and directly 
transform your bacteria. 
 

Successfully transformed E. coli colonies become 
white. 

We performed the ligation reaction over two 
days at room temperature prior the 
transformation into B. subtilis. (Figure 2, A) 
 

 We recommend to purify all digested products except the digested SPM subsets via gel extraction. 
Regarding the SPM subsets, we recommend to purify them via standard DNA cleanup procedure. 

 

Use agar plates containing 1 mM IPTG, 100 μg/ml X-Gal and 100 μg/ml ampicillin. 

http://2017.igem.org/Team:TU_Dresden/Experiments
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4. High throughput screening procedure for Bacillus subtilis 
 

 SOP Example 

  This column explains the SOP aiming to identify 
the best SPs for highest secretion of the B. 
subtilis alpha-Amylase. 
 

1 Pick B. subtilis transformed colonies of the 
transformation from step 8 of “Cloning with the 
SP-EV”. Transfer each pick to both, a screening 
agar plate containing 5 mg/ml starch and 5 µg/ml 
chloramphenicol, and a second backup agar plate 
only containing 5 µg/ml chloramphenicol. 
 

We performed our transformation into a starch 
degradation-deficient B. subtilis strain 
(TMB3547) where the gene amyE was disrupted 
by the insertion of Pveg-LacZ. This strain, still 
contains the necessary flanking regions for 
homologues recombination of the pBS1C vector.  
Thus, positive integration of the pBS1C-SPM-
amyE construct lead to white colonies. 
 

As we chose to carry along a negative control 
(TMB3547) and a positive control (W168) on 
each screening and backup agar plate, we used a 
screening agar plate containing no antibiotics. 
  
The backup agar plate was spiked with 5 µg/ml 
chloramphenicol. 
 

2 Following incubation, pour Lugol’s Iodine 
solution over the screening agar plates. 
 

As the EV and SP-EV integrate both into the amyE 
locus of B. subtilis, the resulting disruption of the 
native gene leads to a loss of the enzymatic 
activity. Thereby, successfully transformed 
colonies do not degrade starch and will show no 
brightened zone of degradation. 
 

Mark the successfully transformed colonies on 
the backup agar plate and discard the screening 
agar plate. 
 

As we performed our transformation into a 
starch degradation-deficient B. subtilis strain, 
successfully transformed colonies were again 
able to degrade starch. Thereby, a brightened 
zone of degradation on the screening agar plate 
indicated promising colonies. (Figure 2, B) 

3 From the backup agar plate, pick successfully 
transformed colonies and set up liquid cultures in 
2xYT medium.  
 

Incubate the B. subtilis cultures for 8 hours at 
37°C with optimally 220 rpm shaking. 
 

We recommend to use a plate reader for the 
incubation (see example). 
 

We filled 60 wells of two 96 well plates with 
100 µL of 2xYT medium each but spared the 
outer line of wells which we filled with water 
instead to prevent evaporation. 
 

As we chose to carry along two negative controls 
(TMB3547), three positive controls (W168) and 
three blanks on both 96 well plates. Therefore, 
we could pick 114 colonies from the backup plate 
in total and transferred them to the 96 well 
plates for the screening. (Figure 2, C) 
 

We used a plate reader for the incubation. 

http://2017.igem.org/Team:TU_Dresden/Experiments
http://2017.igem.org/Team:TU_Dresden/Experiments
http://2017.igem.org/Team:TU_Dresden/Experiments
http://2017.igem.org/Team:TU_Dresden/Experiments
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4 From the liquid cultures of step 3, set up liquid 

cultures in 2xYT medium. 
 

Incubate the B. subtilis cultures for 16 hours at 
37°C with optimally 220 rpm shaking. 
 

In case you integrated an inducible promoter, 
you need to induce the liquid cultures.  
 

We recommend to use a plate reader for the 
incubation (see example). 
 

As we did not replace the xylose-inducible 
promoter PxylA, we filled the wells of two new 96 
well plates with 200 µl of 2xYT medium with a 
final concentration of 1% xylose. Then, we 
transferred 4 µl of bacteria culture from step 3 to 
the wells of the two new 96 well plates.  
 

We used a plate reader for the incubation. 

5 Separate the supernatant from the cells. Beforehand, we measured the OD600 of each well 
using a plate reader to normalize our data in the 
end. 
 

We chose to centrifuge the 96 well plates to 
separate the supernatant from the cells. 
 

6 Perform your protein-specific assay to identify 
the most potent combinations of a SP and your 
protein of interest. 

To achieve our high throughput screening, we 
applied a microplate reader based starch 
hydrolysis assay [5]. 
 

After the plate reader assay, we normalized our 
data using the OD600 values from step 5 and 
identified the most potent combinations of SPs 
and B. subtilis’ alpha-Amylase of each SPM 
subset. (Figure 3) 
 

7 According to the data generated during step 6, 
extract DNA from promising B. subtilis colonies of 
the backup plate. 

We set up liquid cultures of a range of promising 
colonies from the backup agar plate. 
 

Following incubation, we amplified the genetic 
region of interest via PCR using the primers 
TM0749 and TM2162. The resulting fragments 
were purified. 
 

8 Sequence the DNA from step 7 to identify the 
SPs. 

We identified the most potent SPs for alpha-
Amylase. (Figure 4) 

 We recommend to conduct the SOP carrying along a negative and/or positive control. 
 

 

 

 

 

 

 

 

 

http://2017.igem.org/Team:TU_Dresden/Experiments
http://2017.igem.org/Team:TU_Dresden/Experiments
https://www.ncbi.nlm.nih.gov/pubmed/16500607
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5. Figures 
 

 

Figure 2: Agar plates. A The transformation agar plate. No blue colonies indicate a transformation success ratio of 

100%. B The screening agar plate. Zones of degradation indicate successful integration events. The negative control 

has been marked with a black box, the positive control with a white box respectively. C The backup agar plate. 

Neither the negative control, which has been marked with a black box, nor the positive control, which has been 

marked with a white box, could grow due to the antibiotics. 

 

 
Figure 3: Screening of signal peptides in front of amyE. Results of the plate reader based starch hydrolysis assay to 

identify the most potent combinations of SPs and B. subtilis’ alpha-Amylase of each SPM subset. The shown data was 

normalized over OD600. Data shown in A, B, C and D represent clones derived from SPM subsets a, b, c and d.  
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Figure 4: Sequenced signal peptides in front of AmyE. Results of the sequencing of some selected clones. 

 

Further data has been generated to approve the applicability of the Signal Peptide Toolbox using the 

proteins mCherry and sfGFP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://2017.igem.org/Team:TU_Dresden/Measurement
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