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Construction of “lock-key” biological living material based on
double engineered bacteria and its application on intestinal
retention in vivo
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Abstract: At present, the research of biological living materials mainly focuses on applications
in vitro, such as using a single bacterial strain to produce biofilm and water plastics. However,
due to the small volume of a single strain, it is easy to escape when used in vivo, resulting in
poor retention. In order to solve this problem, this study used the surface display system (Neae)
of Escherichia coli to display SpyTag and SpyCatcher on the surface of two strains,
respectively, and constructed a double bacteria “lock-key” type biological living material
production system. Through this force, the two strains are cross-linked in situ to form a grid-like
aggregate, which can stay in the intestinal tract for a longer time. The in vitro experiment results
showed that the two strains would deposit after mixing for several minutes. In addition, confocal
imaging and microfluidic platform results further proved the adhesion effect of the dual bacteria
system in the flow state. Finally, in order to verify the feasibility of the dual bacteria system in
vivo, mice were orally administrated by bacteria A (pl15A-Neae-SpyTag/sfGFP) and bacteria B
(p15A-Neae-SpyCatcher/mCherry) for three consecutive days, and then intestinal tissues were
collected for frozen section staining. The in vivo results showed that the two bacteria system
could be more detained in the intestinal tract of mice compared with the non-combined strains,
which laid a foundation for further application of biological living materials in vivo.
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Table 1  Strains and plasmids used in this study

Strain and plasmid Feature Source

E. coli DH5a Cloned strain In the lab

E. coli BL21 Functional verification In the lab
pRSF-J23100-sfGFP Green fluorescent protein tag In the lab

mCherry Red fluorescent protein tag In the lab

pl5A-Neae-SpyTag
p15A-Neae-SpyCatcher
pl5A-Neae-SpyTag-SnoopTag
pUC19-SnoopCatcher

SpyTag displayed on the bacteria surface
SpyCatcher displayed on the bacteria surface
SpyTag and SnoopTag displayed on the surface
Expressed SnoopCatcher

Constructed in this study
Constructed in this study
Constructed in this study
Constructed in this study
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x2 FARFASY
Table 2 PCR primes used in this study

Primer name Primer sequence (5'—3")

pl5a-gj-tag-f
pl5a-gj-tag-r
pl5a-pd-tag-f
pl5a-pd-tag-r
TAACCGCA

ATGCATACAAGCCGACGAAGTAATAAAGCCAGGCATCAAATAAAACGAAAGGCTCA
ATATCATGCGGAATATTCAGAGAAAGAATATCCTGCTTCTTGTACTCCAG
CTGAATATTCCGCATGATATTAATGGTACTGAACAC
CTTCGTCGGCTTGTATGCATCAACCATGACAATATGGGCTCTAGTCGCACCATCAAAAAATA

pl5a-gj-SpyCatcher-F  AAGGTGACGCTCATATTGATTAATAAAGCCAGGCATCAAATAAAACGAAAGG
pl5a-gj-SpyCatcher-R  GATAAGGTATCAACCATGGCTCTAGTCGCACCATCAAAAAATATAACCGCA

SpyCatcher-F
YZ-SpyCatcher-R
snoop-spy-gj-F
snoop-spy-gj-R
SnoopTag-PD-F

GCCATGGTTGATACCTTATCAGGTTTATCAAG

ATCAATATGAGCGTCACCTTTAGTTGCTT
TTATTATCACTTATTCAGGCGTAGCACCAGGCGTTTAAGGG
TCGCCCAGTTTTCCCATATGACCAGATCCGCCCTTCGTCGGCTTGTATGCATCAAC
CATATGGGAAAACTGGGCGATATTGAATTTATTAAAGTGAACAAATAATAAAGCCAGGCATC

AAATAAAACGAAAGG
JP-R-3Tag GCCTGAATAAGTGATAATAAGCGGATGAATG
SC-GJ-F TAAAGCGCTGCATGCCTAGTG
SC-GJ-R CTCTAAACAAAATTATTCATTATACGAGCCGGA
SC-PD-F-2 ATGAATAATTTTGTTTAGAGAAAGAGGAGAAATACTAGATGCATATGAAGC
SC-PD-R-2 ACTAGGCATGCAGCGCTTTAATGATGGTGATGGTGATGTTTCGG

1.2.2 P EPRRE MR 3G IE

B0 77 1IE A6 1) p15A-Neae-SpyTag/sfGFP Al
p15A-Neae-SpyCatcher/mCherry Jii k7 43 3 #5 4k
FIRIAFFR BL21 o, #E# A R(pl5A-Neae-
SpyTag/sfGFP)Fll B [ (p15A-Neae-SpyCatcher/
mCherry), BB S EAERMA T ERR
PR LB i dt, 37 °Cilidssz. 2 K,
PR 1:100 By HEBFF HAERR £ 15 mL LB 1577 5
H, dRZREESE 24 ho B R ARG EIR SR RE
TEANFEIN ], R FVE , T Z DI RERE bR
G5 38 ODgoo TELHAEAE o

SrEL 2 mL A T AN B TA , 765 B 10 B A
hAERIRGA#E, £ 0. 10, 60 min X 3 4
I a) A TR IR
1.2.3 HOLHBE B REEW R E KR M

FESSUE PRI A IR, FRATTIE T 4 4158
¥, 4> 92 X PR 41 (sfGFP+mCherry . A B +
mCherry ., sfGFP+B B#)F15L K 2H (A F+B ).
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0 min 10 min 60 min

A GR M G RM G R M

B2 EHEREHEVNIER (A): A
%3k sfGFP fll mCherry RIS EIR A 5 B2 WTT
F%IE. G: sfGFP; R: mCherry; M: sfGFP+mCherry.
(B): AW HI B W FRIEG G EMIIREEL A:

pl15A-Neae-SpyTag/sfGFP ; B : pl5A-Neae-
SpyCatcher/mCherry ; Mix : pl5A-Neae-SpyTag/

sfGFP+p15A-Neae-SpyCatcher/mCherry

Figure 2 Macro sedimentation diagram of equal
mixing of strains. (A): Macro-sedimentation diagram
of strains separately expressing sfGFP and mCherry
mixing in equal amounts. G: sfGFP; R: mCherry; M:
sfGFP+mCherry. (B): Macro-sedimentation diagram
of macro sedimentation diagram of mixed bacteria
A and B in equal amount. A: p15A-Neae-SpyTag/
sfGFP; B: pl15A-Neae-SpyCatcher/mCherry; Mix:
p15A-Neae-SpyTag/sfGFP+p15A-Neae-SpyCatcher/

mCherry.
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Figure 3  Quantitative verification of adherence of
bacteria A and B.
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Figure 4 Residual bacterial content in the supernatant.
A: The content change of residual bacteria in
supernatant after mixing bacteria A and B in different
proportions. B: The content change of residual
bacteria in supernatant after mixing pl5A-Neae-
SpyTag-SnoopTag strains and bacteria B for different
times. C: The content change of residual bacteria in

supernatant after mixing pl15A-Neae-3SpyTag strains
and bacteria B for different times.
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Figure 5 Observation of bacterial adhesion by laser confocal microscopy. A: The adhesion effects of
sfGFP+mCherry, bacteria A+mCherry, sftGFP+bacteria B, and bacteria A+bacteria B were observed under a
laser confocal microscope (10x). B: The adhesion effects of sfGFP+mCherry, bacteria A+mCherry,
sfGFP+bacteria B, and bacteria A+bacteria B were observed under a laser confocal microscope (100x).
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Figure 6 Adhesion of two strains in flowing state. A: The schematic diagram of microfluidic controlling
process. (1) SnoopCatcher protein was fixed on the chip; (2) pl5A-Neae-SpyTag-SnoopTag strains were

injected; (3) B strains were combined with the previous strain. B: The adhesion of pl15A-Neae-SpyTag-SnoopTag
strains and bacteria B observed by a laser confocal microscope.
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Figure 7 Retention of “lock-key” biological living materials in intestine. A: Left is the adhesion of bacteria A and B
in different intestinal segments of mice (colon, ileum, jejunum, and duodenum). Right is the adhesion of individual
sfGFP strains and mCherry strains in different intestinal segments. B: Quantitative analysis of fluorescence intensity

in Figure 7A. Left: Quantitative analysis of Hoechst fluorescence intensity; Intermediate: Quantitative analysis of
sfGFP fluorescence intensity; Right: Quantitative analysis of mCherry fluorescence intensity.
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