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Construction and characterization of a bio-detector for
inflammatory bowel disease
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Abstract: Genetically engineered intestinal microbes could be powerful tools to detect and treat intestine inflammation due
to their non-invasive character, low costs, and convenience. Intestinal inflammation is usually detected along with an
increasing concentration of thiosulfate and tetrathionate molecules in the intestines. ThsSR and TtrSR are two-component
biosensors to detect the presence of thiosulfate and tetrathionate molecules, respectively. In real-life intestinal inflammation
detection, sophisticated instruments are needed if using fluorescent proteins as reporters. However, chromoproteins and other
colored small molecules, which can be seen by the unaided eye, could extend the use of ThsSR and TtrSR biosensors to detect
intestine inflammation. The feasibility of ThsSR and TtrSR systems was tested by monitoring the fluorescence intensity of
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sfGFP in response to the concentration of thiosulfate and tetrathionate, followed by the incorporation of the two systems into
Escherichia coli Top10 and E. coli Nissle 1917. The potential for the real-life application of the two systems was further
corroborated by substituting sfGFP with a series of chromoproteins and a protoviolaceinic acid synthesis cassette as reporter
genes. The results indicated that signal expression of the new systems had a positive correlation with the concentration of
tetrathionate and thiosulfate molecules. Thus, the modified ThsSR and TtrSR system may potentially be applied in the human

body for the detection of intestinal inflammation.

Keywords: inflammatory bowel disease, thiosulfate, tetrathionate, bio-detector, chromoprotein, protoviolaceinic acid
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Table 1 Primer used in this study

Primer Primer sequence (5'-3’)

name

P1 AAAATTIGGTCTCJAACGCTTAACTA 36
GTAGCGGCCGCTGCAG

P2 ATAT|GGTCTCJACTCCCTCTAGAAG 35
CGGCCGCGAAT

P3 ATATIGGTCTCJACTCCCTCTAGAAG 35
CGGCCGCGAAT

P4 AATT[GGTCTCJACGCTTACTAGTAG 36
CGGCCGCTGCAG

P5 GAGAGGTCTC/ACTAGATGCGTAAA 35
GGCGAAGAGCT

P6 CACG|GGTCTCIAAGCGTTATTTGTA 44
CAGTTCATCCATACCATGCG

Size (bp)

Bsa [ restriction sites in frame.

(spispink, Part: BBa_K1033932). i % (amilblue,
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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”

8. BBa_1746916 “superfolder GFP”,
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X ThsS+ThsR AU ) . & PUBLER 4N (0.
0.01 mmol/L. 0.1 mmol/L. 1 mmol/L; %F*f &
TtrS+TtrR AT) B9 M9 K535 5L 37 °C . 1 000 r/min
AR 6 he MHHC15 pl K 2 185 pl 1xPBS ¥
W (& 2 mg/mL RIREER) . om=n iAo
) o A B il AN B sfgfp BORLE K FT 1A E. coli
VES BT B it = AU P v e R 2 LR Wy s
2494k vh 0> BD LSRFortessa FITC i & i il
sTGFP 25 i

A Thiosulfate (Inflammation signal)

Membrane
recepetor

A
Gene

expression

Phosphorylation

expression

Regulatory
protein

r
Gene Activation

> e
pSCI101 %, pPMB1 ™, 4
(pSB1C3) 7

(pSB4K35)

7

Tetrathionate (Inflammation signal)

Phosphorylation \ protein /

Regulatory

r 9
Ge.ne Gt.:ne Activation
expression expression I
ttrR
pSC1017, MBI 7, .
(pSB4KS) ~ (pSBI1C3) ~ o

1 H#tEREE A(ThsSR) #1 B (TtrSR) RIEE K E

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) TtrS 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 Pyg1s5.260 Will be activated, starting the expression of reporter gene
(e.g. sfgfp), producing sfGFP.
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Fig. 2 Response curve of A ThsSR and B TtrSR to thiosulfate A and tetrathionate B concentration gradient in E. coli
Topl0 and E. coli Nissle 1917, while using sfgfp as reporter gene.
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M, IHESREIE 3 A FE 20 mL EOESAH
7.6x10"° AR, IAKEIIZEE 2.5 g iR BEAM R
it
23 HEREGHME

WK 3 3 2 (8, 3R 3 11 ZE AR AU K8 v 18 28 4854
RIF, WAPKA AR ER 3 FiaEEARFE R

/

ThsSR F1 TtrSR &% H1, BLAk, FATAENEL 175 —
P B g 6 4 R o % 0 R I R AT IR
(Proviolaceinic acid, BBa_K274003™%) 1 i 4
FER AT REME . Z AR TR AR B 2 A
g, It AT LAZ i E Yk — 25 n T JE A8k 4
EFFRE, X iE 0 A B BT ORI,

K 4Rl T EREREAS KON EZE

Bt gfasPurple, spisPink, amilCP 43 5ll% A %] T

A

Purple

Pink Yellowl Yellow2 Yellow Green Blue

B3 GREASHUEERETROGTUMNEEER

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 chromoprotein genes) E. coli
Top10 pellets collected through centrifugation. The control group bacteria were also transformed by pSEVA321 plasmid.
(B) The E. coli Top10 pellets collected in Fig. 3 (A) were then mixed with mimic feces.
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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, from
left to right, the concentration of thiosulfate is 1.0 mmol/L, 0.1 mmol/L, 0.01 mmol/L, 0 mmol/L. (E-H) Response to
tetrathionate (Na;S,0¢-2H,0) of TtrSR system, in each image, from left to right, the concentration of tetrathionate is
2.5 mmol/L, 1.0 mmol/L, 0.1 mmol/L, 0 mmol/L.
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B 5 ZENERITEMEFENTEHR(EE), &
H %f BB 2H (spisPink, Part: BBa_K1033932"\3 (& &)
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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