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2.1.1 WHRAMRR

KMF B E. coli Topl0 M H ALK &= X 4EW
BRAR AT, KIFFHE E. coli Nissle 1917 Hi Mr.
Kai Sheng Hee, NUS Synthetic Biology for Clinical

and Technological Innovation (SynCTI)SZ 4 = 2

i . %35 JFURL pSB4K 5. pSB1C3 M iGEM Foundation
4. FKIAFK pSEVA321 H Victor DeLorenzo
LR RN, S OREAER . KON RATRE
Jfi ki A\ iGEM Foundation 3875 . f# /] 7 0 %
:
1. BBa K1033910 "fwYellow yellow
chromoprotein"
2. BBa K1033916 "amajLime yellow-green
chromoprotein"
3. BBa K592010 "amilGFP yellow chromoprotein”
4. BBa K1033919 "gfasPurple purple
chromoprotein"
5. BBa_K1033932 "spisPink pink chromoprotein"
6. BBa K592009 "amilCP blue chromoprotein”
7. BBa_K274003 "Vio operon ABDE".
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Bsa 1 FREIVE N VIBGES V)AL 50 R T 5 B2 kil 2
FE W 31 73 70 0 b Bsa T BEVIAL 10, R SL b4 K Ui
535 ThsS. TtrS FRN#(5'-3")ggag, ageg; ThsR.
TtrR | R ii#(5'-3")ggag, ctag.



2.2.2 ThsS/TtrS, ThsR-sfgfp/TtrR-sfgfp RBLH
B

FIH Golden Gate £ PR 4 7750, #4 # Ji fii o
HJeiEd PCR 484 Bl b Bsa 1 BEVI AL A,
FHEF RN Bsa 1 BEVINL AL, FRIZGRRAEER
. A T4 P1 AT P2 4734 pSB4KS5, 514 P3 #
P4 91 pSB1C3, 5% P5 Al P6 41 sfafp. RN
ZAFn R : 98 “CAME 5 min; 98 °C30's, 58 C30s,
72 “CZE{H 1 min 15 s (pSB4K S5, pSB1C3), 30 s
(sfgfp), AT 35 MEH: 72 ‘CEM 5 min. #5
Bsa 1 BEVIAL s 19 38 Fr Bt pSB4KS H1 ThsS/TtrS
kL (1:1 BEJRARAR, MR 100 ng) RN
Golden Gate R W& FH1: 1 pL T4 ligase, 1uL Bsa

[,2puL 10x T4 ligase buffer, JRE 428 B, #b
7% ddH,0 % 20 pL. BT 37 ‘C5 min,
16 “C10 min, #4710 MEH; )5 37 °C15 min,
50 °C5 min, 80 °C5min. FIFFEMI L, K&
Bsa 1 BEVIAL s i3 34 Fr Bt pSB1C3. sfgfp il
ThsR/TtrR FURL (1:1:1 BE/RIRRA, EE A 100
ng) N Golden Gate & MK 2 HEAT [ Mo F2 4k,
E. coli Topl0 EZ MM, WA RB&HER

(pSB4KS5) /A% % (pSB1C3) Ptk LB FE A T4R,
POHL 3 SR TeRE, /N & TURL BUR R S 52 5
KL, JRAT IR N VBRI AR R A PR A =Y

MAH R T, A1 sfgfp & Bk

(spispink, Part:BBa_K1033932) , ¥ t& Camilblue,
Part:BBa _K592009) F1L € (gfaspurple,
Part:BBa_K1033919) f& & & HgwmigF A .
=1 351457

Table 1 Primer used in this study

Primer Primer sequence (5'-3") Size
name (bp)
P1 aattag&ttactagtagcggccgctgcag 36
P2 atatact&ctctagaagcggccgcgaat 35
P3 ataact&ctctagaagcggccgcgaat 35

P4 aat a@tactagtagcggccgctgcag 36

P5 gaga act;agatgcgtaaaggcgaagagct 35

P6 cac gaggggttatttgtacagttcatccatac 44
catgcg

Bsa 1 restriction site in frame.
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1. BBa K1033910 "fwYellow yellow
chromoprotein"
2. BBa K1033916 "amajLime yellow-green
chromoprotein"
3. BBa K592010 "amilGFP yellow chromoprotein"
4. BBa K1033919 "gfasPurple purple
chromoprotein"
5. BBa _K1033932 "spisPink pink chromoprotein"
6. BBa K592009 "amilCP blue chromoprotein”
7. BBa_K274003 "Vio operon ABDE".
71 7] PCR 5 1= 20 bp FIJRE, Ky 19 F BUg i 1:1
BEIREE, & /NTF 100 ng ¥ A\ Gibson Assembly A&
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BREAMGEER B, AN FE 10 pLe RNV AT
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Fig. 1 Gene circuits of ThsSR (A) and TtrSR (B)
bio-sensor

(A) ThsS expresses constitutively, and the expressed sensor
protein will be incorporated into cell membrane of engineered
E. coli strain. When signal molecule thiosulfate exists,
regulatory protein ThsR will be phosphorylated. The
promoter PphsA will be activated, starting the expression of
reporter gene (e.g. sfgfp), producing sfGFP.

(B) TuS expresses constitutively, and the expressed sensor
protein will be incorporated into cell membrane of engineered
E. coli strain. When signal molecule tetrathionate exists,
regulatory protein TtrR will be phosphorylated. The promoter
PttrB185-269 will be activated, starting the expression of
reporter gene (e.g. sfgfp), producing sfGFP.
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Fig. 2 Response curve of ThsSR (a) and TtrSR (b) to thiosulfate (a) and tetrathionate (b) concentration gradient in E. coli Top10
and E. coli Nissle 1917, while using sfgfp as reporter gene.

(a) E. coli’s fluorescence intensity (mean+tse, n=3) increases among thiosulfate concentration gradient. Showing a good potential
of the ThsSR system in both E. coli Top10 and E. coli Nissle 1917 to be used as bio-detector for intestinal inflammation.

(b) E. coli’s fluorescence intensity (meantse, n=3) remains low and showed on response to tetrathionate concentration gradient.

Meaning the TtrSR detection system needs to be revised and improved in both E. coli Top10 and E. coli Nissle 1917.
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Fig. 3 Qualitative results for color change of simulated feces mixed with chromoproteins

(a): The color of genetically engineered (pSEVA321 plasmid skeleton + strong promoter + strong RBS + corresponding

8



chromoprotein genes) E. coli Top10 pellets collected through centrifugation. The control group bacteria were also transformed by
pSEVA321 plasmid.

(b): The E. coli Topl0 pellets collected in Fig3(a) were then mixed with mimic feces. It could be seen that, pink (spisPink, Part:
BBa_K1033932()), blue (amilBlue, Part:BBa_K592009”") and purple (gfasPurple, Part:BBa K1033919!"") chromoproteins
changed the color most obviously to naked human eye. These three chromoproteins were then chosen as reporters for subsequent

experiments.
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Fig. 4 Response of ThsSR or TtrSR system to the inducing chemicals, featuring different chromoproteins or other colored
chemicals as reporter gene.

(a-d): Response to thiosulfate (Na,S,0;) of the ThsSR system, in each image (a)-(d), from left to right, the concentration of
thiosulfate is: 1.0 mmol/L, 0.1 mmol/L, 0.01 mmol/L, 0 mmol/L. For chromoprotein GfasPurple(a) and SpisPink(b), the response
level could be distinguished among different inducing chemical concentration. For chromoprotein AmilBlue(c) and colored
chemical proto-violacein(d), severe leaking expression makes the result undistinguishable.

(e-h): Response to tetrathionate (NasS404-2H,0) of TtrSR system, in each image (e)-(h), from left to right, the concentration of
tetrathionate is: 2.5 mmol/L, 1.0 mmol/L, 0.1 mmol/L, 0 mmol/L. When using chromoproteins as reporters (e, f, g), no obvious
response can be seen from the results. However, while using proto-violacein as reporter gene, the response is clear and easy to be

seen.
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Fig. 5 Color change to culture medium caused by

proto-violaceinic acid (tube on left), whereas chromoprotein
(spisPink, Part: BBa_K1033932") stayed in E. coli cell and
did not change the color of culture medium (tube on right).
We thus infer that, while using protoviocaceinic acid as
reporter, people could leave their feces in toilet for a while

and get the testing results by reading toilet water.
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