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Display of the Carcinoembryonic Antigen scFv on the Bacterial Surface
and Its Application

JIANG Yi-Li" , LUO Yan-Xi*’, ZHAI Li-Juan" , XIE Tian" ", YAN Hui**
(Y Holistic Integrative Pharmacy Institutes ( HIPI) , Hangzhou Normal University, Hangzhou 311100, China;
2 Zhejiang Academy of Medical Sciences, Hangzhou 310013 , China)

Abstract As a tumor marker, the carcinoembryonic antigen ( CEA) has important clinical application
values in tumor diagnosis and tumor-targeting therapy. CEA-specific single chain antibody fragments
(CEA-scFv) specifically bind to CEA. In the present study, CEA-scFv was displayed on the surface of
Escherichia coli (E. coli), and its feasibility as a detection platform for CEA and bacterial targeting
vectors was analyzed. Firstly the CEA-scFv gene was cloned into the surface display vector pBAD-OmpA-
mCherry, and the recombinant plasmid pBAD-OmpA-mCherry-CEA was successfully constructed, which
was confirmed by restriction enzyme digestion and sequencing. Red fluorescence of the recombinant
bacteria induced by arabinose can be detected, and the fluorescence intensity was decreased by trypsin
digestion. Moreover, the whole-cell ELISA test showed a positive reaction, suggesting that the fusion
protein and protein of interest was successfully displayed on the surface of the recombinant bacteria.
Western blotting analysis showed that the relative molecular mass of the fusion protein was about 85 kD,
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which was in line with the expectation. Further research suggested that CEA-scFv displayed on the
surface of the recombinant bacteria had biological activity, and bound the CEA of A549 cell lysates
effectively. Compared with the control group, the punctate red fluorescence was clearly observed in

recombinant bacteria-infected A549 cells, indicating that the recombinant bacteria can target and invade

CEA-positive tumor cells. This study provides an experimental basis for CEA-related rapid diagnosis and

tumor targeted therapy based on bacterial carriers.

Key words E. coli; CEA-scFv; bacterial surface display; tumor-targeting therapy

J IR AR AR SR 2 W e B W D e TS
FUBTRIG IR 228 hr o IV e b i 4 LA
LA JeRIAN 2 R AE e A, A e T 5 45 i)
S JEIEHTE ( carcinoembryonic antigen, CEA) Jj&
— I SRR PR R PE R 1, ARk K
IR R RN B 7% S R DDA G, 72 H BT RIS )™
MRS Z—,

JEE T R BAAE TR ( CEA-scFv ) 238 i W 7 {4
J&7R (phage display ) 2 A 5% H ok 0 G808 5w I 4T
JFES G BT R B, Hoor 5 S5 AR L T 58 B AR T
a5 (EAT SR B2 S AU S & R e, 1eAh,
HES TR B 731 S R R PR BE R AIC T LA 1) e e
HEFF RE o e R I BB BT A TR R0 SR G i) i
TR W TS VAl B e S ) 69T A b By
W I BRI PR TR 2R 5%
ARG FIRFNLIAL 3 PR AR5 B B Ak AN
i S B alifh , 3 9 K B SR 8 1 B M-S e
FEMF 2R 7, WA B 5t

20 TR 2 T R 78 B A A £ 1 B S U AR
F1 T LARR & 8 1 B AR 2 s T E 40 At i) —
IR R EOR . i T8RS 192 1 B R 8
PRFRIFA B LR 1, = Wy i S st fh i A i
BT Wik, HIZ B AR 0T 2 AR
AT BT RSO LLR G R 1 BB
J R TAPR T . 8 507 2 TR 2% 1 JR /s (14 SRS
A S R b R AR B A% R 3k v v e Y B )
R, 1Z07 R RN R AR 1 S BE SR AR ) B AR A
T 5™ T TR R T, DT A ) 3 a7 51 e 2
BRI E N, HEEAN S, WEAEMER
AT JEE 7 | PIT B e W B 5 A6 DN 0 28 1 o AR B4 JH 52
B A EAHAE AL 3R A A T

Lpp-OmpA KA J&/R RS, & H KA i IR &
I (lipoprotein, Lpp ) FIAMEE 1 A (outer membrane
protein A, OmpA ) FIFB A4 B, — & AAAI AL . K
Jor i i i 2 1 B0 ) RE S K 4 4 B E T A R AP
AN A DXBUR 5 12 2R 1 5 B A0 17 G
X, WFTIER, M H S Lpp-OmpA 11 C @l &

TR 7 T B S, PR, Lpp-
OmpA FRGE LA SMIER 11 6 LR
AU FFE BL21(DE3) A% 34, A Lpp-
OmpA ST 352, A48 LI 366 1 A 2
B SR T A, 08 TSR
B IS TR RIS T OB B T 5500

1 HREH®

1.1 &=tk BTrcFn 2 i

KIGFFBERZ A BL21(DE3) WA SR EIRAE,
BRI R AT S 2 8 21 AR pBAD-OmpA-mCherry ( 32 [fi
JE/RLL SO E i)  pBAD-Z (%5 244 ) Al pCB-
MCZ (PN e 38 L0 8 5 G 1R 1 BT ) A S 6 = g
(KK KT CHGE) , & CEA-scFv ZE R4 1 5
K pMD-CEA N[ L8 K~ Gabriel Pecher 243 #
W4, NJiseE AS49 AHARFITANE S 293 41l A L5
ERIF
1.2 iERE

KRIGH B LB JE 33450 T F iR T AW
1.3 RXFFn{Es

Trans2K Plus DNA marker 1 H b5t 2304459
FRABRA T T4 DNA 2 HERG | BR M A R N U il
g H NEB 72 w5 PCR 345 & Y15 [l i it 57 &
ABTS ( 2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic
acid) WO G A F#E T A /MR anti-
His-tag LA /) BT 8 IR BT R P4, 3Bt /b B
1gG-FITC 240/ MR 1gG-HRP 14 [ 2RI+ 7
PCR 51yt b A T8 W) 6 i IR | Jif 44 1 3
DMEM ( Dulbecco ¢ s Modified Eagle’ s Medium ) 1% 3%
B H Gibeo 23 7] 5 HoAl A 2732050 1 0y [ 7wl ik 11
Sy HTal s 1S SO0 WA B AERST
R UKCRE B b i R BERHEAT FR 2 5] 77 il 5 501G
KA 254 eytation3 , & FEF1 AN AR A BR 2 W 7 it
1.4 BHERMIHEE

PLBRL pMD-CEA AR, bg-CEA Fll Eco-CEA
i RS (Table 1) ,PCR ¥ 344545 CEA-scFv J
B, ifk)5 LA Spe 1 H EcoR T WUAGYI I [T Ui il D) 7=
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Yy, 5 [\ B SRS U1 B9 pBAD-OmpA-mCherry %% {4
(Fig. 1) #H 3% #, 15 %] # 4 Jit A pBAD-OmpA-

Table 1 Primers

mCherry-CEA (Fig. 1) . FEHE ) 5 4LT0R 22 A A0
P IRAIE , LAGRIIE G A HE 6

Primers Sequences (5'-3")
bg-CEA GGAATTCCATATGGATATCGGATCCATGGCTCTCGACAAGGCGT
Eco-CEA CCGCTCGAGATTAGAATTCACTAGTAGATCTCGGGCCTTTGCTGCCGTGATTGTCGCCACTCAACG

P-BAD Lpp OmpA

mCherry-Zeo

CEA His pBAD-OmpA-mCherry-CEA

P-BAD Lpp OmpA

mCherry-Zeo

pBAD-OmpA-mCherry

Fig.1 Structure of recombinant plasmids and the relative position of key elements

P-BAD . Arabinose-inducible

promoter. Lpp-OmpA: The gene encoding fusion of the major lipoprotein signal sequence fragment and a portion of the outer

membrane protein A. mCherry: The gene encoding red fluorescent protein. Zeo: Resistance gene of Zeocin. CEA: The gene

coding CEA-specific single chain antibody fragments (CEA-scFv). His: The gene encoding 6X Histidine-tag ( His tag)

1.5 BAEZEEHFERIET Western EiTEE

ZRCHR[9,10] ik, AR T K
FFEE BL21 ( DE3) R TRIA 4T, KIGAT A2 &
(1% i B A Ak e Ry S B S IR 48 R (58 =) th
JriAT, B 1 d RS 8 TR A A R
552 KA 1:100 HMp 2160 5 50 me/L 2R 8
FM 50 mg/L HRE RN LB WA 7= 5T IR
Riff Z AHN 0.4 ~0. 6 I, i ABATHAF B L2 vk
B 43 5 A 0.0002% ,0.002% .0.02% .0.2% 2% .
LRI E A 30°C,200 /min, i P K F 1T mL
PEWES L, PBS Uk 2 WK, )5 200wl PBS &
PRSI 2 S

Fie LA b5 12 1 BT R A AR 75 5 5 20 7R F pBAD-Z
FEALTE (G IR) | WCAE TR S 0, PBS ¥k 3 WK, die e
PBS W E &, A LR M, 20k 10 min J5iE
17 SDS-PAGE , FR6f i b2 (1 Bt B B RS MR 4F 4 &
JiE b, F TBS-T (0.1% Tween-20 f] TBS) At il 1Y
5% AR WA £ 1 h, FEANA anti-His tag $A,4°C
WEE I . TBS-T FEAMENRSS , IAAH R B — 4t (
P/ IgG-HRP) R E 1 h, TBS-T 7P,
IR E IR,
1.6 FREFHEEI

ZROCER[3,11] vk, BEARZK L5 |
LR R EAR , IR5 159 5 4% 1: 100 427D
FNHTEE Y 50 mg/L 20N T 8 %R M 50 me/L HRE
R LB AR A IRGEEFRE AEN 0.4 ~
0. 6 I, Jim A B 7 A7 ARl £ JHE 2 B 0. 2% ,30°C,

200 r/min %S 6 h B 1 mL,8 000 r/min 5.0
5 minFt ¥, FH PBS PR 2 W, 159 3 09 B AR DL e
500 wL el R 37°C KU 0 ~7 ming S JE 37 B
A K, I A 500 pl & 10% JiE 4 1 % 1
DMEM iR 41k, PR PBS PRikmE 1A 2 1k,
8 000 r/min 5.[> 3 min, YLIEH 200 pL A9 PBS
= BRI 2 6 B, B9 R B pBAD-Z
AL A R IR L1 (G E 1 1Y pCB-MCZ %4k
B AR R 5 B VR Aot B
1.7 47 ELISA #%ill

ZMSCHK[ 12,13 ] J7ik, EAIHE M pBAD-Z %
TR 53 500 28 BT R AR WS 75 S ik 0, T BE TR Agy =
1.0, B D AE R A, IFF PBS YEI& 2 R, A 1:
200 FiBERY—PL (/N B anti-His tag 1) IR G %
TR 2 hy 2R 58 A A PBS Uk 3 ¥k, 8 000 1/
min Z.0 3 min 7 B3, 1A 1:2 000 F A9 — Pt
(EPL/NEL 1gG-HRP) JIRAI G ZE i F RN 1 h, [N
SERUE I PBS ¥k 5 K., eJa H ABTS I 5350 &
o, F R A B W 20 min, 12 000 r/min 2.0
2 minJi7 BV Z R AR, T 405 nm ke A {f, &
ZH TR pBAD-Z % A6 T P-4 31 i B M ) e A D
ANIn—H0 SN =4t , A A 35 [R] i I A
1.8 ¥BLHREREEAETIEAE

TEARMUIE IR (25 em®) 5 FE A549 F1293 40
JH, 737 40 2R 2 80% ~90% , F 15 FR W, PBS ¥k 2
UL EDTA Ab 3 (AN TG , LA sk A Xo) 240 it 2 1 25 1
FEEIR ) THA e R R A, AR 4% 28
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PR 6] 5 , 28 0 1 SO 30 min, 7] PBS BBV 2 WX,
JIA 1:200 B —H0 (/NPT NIRRT |
RAEEIR T R 2 h, v 5E 5 B PBS ¥ 3 1k,
1 000 r/min #:.L> 5 min LW, A 1:200 FRE
THCEYUNR 1gG-FITC) IR FEIR TR 1 h,
J2 W 58 U I PBS Bk S IR, 55 A1 100 pl PBS HAk
Y, 525 nm Kb ZEGIRE . A549 1293 40 i
3 A BT B, RO —dt Hom =4t , HoAth b
PRV AT

1.9 EHESEEFAEMEIERN ELISA £

RAL R A5 . 5 SR AS49 UL, 75 20 i 85
FEM(25 em®) B AN A K = 80% ~90% I, 3 I
I, H PBS W UE 3 X, B Jo i A 800 pl. PBS ¥,
~70°C/37°C , URRil 3 YK, fiJo A0 400 7 e 224 ot A
A7 T-20°C % 1.,

S CHR[11,14] J ik, B4 E M pBAD-
OmpA-mCherry A0 55 B0 WUEE B A, TH 3 B
T Ay =1.0, PBS PRV 2 ¥k, 4355 s IR I e ik
R AS49 AR A R G35, ER TR
B2 h, PBS PR3 WK, A 1:200 i B9 —HL (/D
BT NIEEIPT TR ) |, ZIRCE 2 h, PBS B 3
UM 12200 # B 90 (50D R 1gG-FITC) ,
TNV 1 hy ROV 58 E T PBS PR S 1K, B
JE 200 pL PBS Hi LB 14,525 nm 200 4 B 3K T
Sh A ISR AT RV U8 IR T R B P ik 5
AT MR IR BT e S as A RR . FE AL A
pBAD-OmpA-mCherry % fb. & T 43 51l 1% &[] 14 X} i
21, BN I —H0 2o =4t , Al A 35 [R] i 18 ik
1.10  SEHE AT

ZROCH[14] Jrik, EARE LRGSO
WAERIR IR H E R EE T & 10 o/L 4 i HEH
() PBS 7 K A = 1.0, K5 T K5 5 98 IR BT SR
IR SR (1% 2.6) IRAB 4], FIE 2 h,
PBS VRS I 1: 200 B 19 —$t (/D BBt s i
PURHUAR) | ZIRACE 2 h PBS PE¥ 3 I, IMA 1:
200 i BEH =BT (EPU/NR [gG-FITC) , i T i &
1 h SR A H] PBS PRI 5 Wk, 7E9OGHE & 2 i
B FULER
1.11 EHERFRLHAMEXE

ZIOCHER[15,16 ] 7k, T 1 d ¥ A549 4ifiE
BeRhF 6 FLHP,37°C,5% CO, 133, 3¢ B,
FHICILIF ) DMEM 3£ 2 K, 54 % A1 pBAD-OmpA-
mCherry $ A0 P& 43 51 28 BT 7 AFUBE 5 S 2 , B5 00 M
TR PR Ay, =1. 0, HITEIMIE A DMEM %

¥ 2 K, 500 wL UMY DMEM 4 Jifd 15 5% i &
ARV, HEEBIMA 6 fLikH, i Rl
Z 510346 18 37°C ,5% CO, ZAFFICE 3 h, 6
PBS Uk 3 IRLABR EREE G MMIE, BamA R
KFEFR I HAUSE N 100 mg/L, 7E 37°C &4 F1E
FH 2 b, DIRFEATE A 88 40 M D () 4 5 TG PBS
VS ~ 8 Uk, BI'E D WA AR

2 &R

2.1 EHARWNHERI

4 CEA-scFv 3£ H i BEiE L PCR 334 FUOBLEG D)
(Spe I I EcoR 1) i A 2 [5] 4 XU U1 19 pBAD-
OmpA-mCherry 2 3545 5 4] Bk pBAD-OmpA-
mCherry-CEA , 28V 4E 3 (Fig. 2) FIN P UESE , 8
Y JFORAL E )

1

bp bp
3996

3000

1853 2000

1119

Fig. 2 Restriction endonuclease analysis of the
recombinant plasmid pBAD-OmpA-mCherry-CEA

1. pBAD-OmpA-mCherry-CEA digested with Pst 1. The
bands are in line with expectations; 2: pBAD-OmpA-
mCherry-CEA digested with Mlu I and Xho 1. The bands are
in line with expectations; M: DNA ladder

2.2 EAFEMRMEERFTSRIERI

T T 4 BRI BT B (o L2k B oy
R 0.0002% . 0.002% . 0.02% . 0.2% . 2% , 1E
30°C &1 200 r/min 5 S, B mL BRBEE A
FH 200 pL PBS HE M ZEGHRE, 45 R 40 Fig. 3A fr
TN T RGP 0 bR AR R 28 SO R T
(mCherry ) , 5] I 2o fil -G 2 11 BT 1Y ¢ S AG AT ik
5 B BT Y 2R3k, HLAE BT R AP R B2 R 0. 2%
I 2H PR 2O B TR B A ey, 2 TR T s )
HHEFABT S A His-tag b4, 808 anti-His tag 5T
PRI S A B A 23K . Western B[ 375 A6 0 25 5
N Fig. 3B U7, fill& 25 F17E 85 kD b IR AR,
FFE TN A KD
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(A)

20 - 19 304

Fluorescence(RFU/D)/10*

0.0002 0.002 0.02 0.2 2
Arabinose (%)

®)

pBAD-OmpA-

mCherry-CEA PBAD-Z

Marker

85kD

Fig.3 Expression of the fusion protein in E. coli BL21 (DE3) cells transformed with pBAD-OmpA-mCherry-CEA

(A) The expression of the fusion protein after induction with different concentrations of arabinose. The fluorescent intensity of the
recombinant bacteria changed with different concentrations of arabinose, and the fluorescence intensity of recombinant bacteria
reached the highest when the concentration of arabinose was 0.2% . (B) Western blotting analysis of the expression of the fusion
protein in whole cell lysates after induction with arabinose. The expected 85-kD fusion protein was identified using the anti-His
antibody (left panel). Right panel; Marker. pBAD-Z was used as a control ( middle panel)

2.3 MAEAREXMTERERRAL

ARSI R I B A S 2D B O R
(mCherry) kRl 205, HAMEAT A L0 A0, i)
HZH A B PR RS 5 R BLAL (5O (Fig. 4)
H2H B AN R R 1) Rl 5 2 1 S 2 P e A B A5 A Tl
IR, BRSO B R A8 A, T N R B B AL
EIOEE F (pCB-MCZ ) FITEHE AR 1L 2 A A T 7
(pBAD-Z) AN3Z JBmg 20 , A T UE T Rl 5 2 1 57
PN/ N EV RN R

-&- pBAD-OmpA-mCherry-CEA
- pCB-MCZ
-~ PBAD-Z

Fluorescence(RFU/D)/10?

S = N W kR U & N

t/ min

Fig. 4  Identification of the fusion proteins on the
surface of E. coli by trypsin digestion The
fluorescence intensity of the recombinant bacteria ( pBAD-
OmpA-mCherry-CEA) displaying red fluorescent protein on
the surface decreased over time after trypsin digestion. For
pCB-MCZ expressing red fluorescent protein intracellularly,
thefluorescence intensity was not affected by trypsin. pBAD-
Z is considered negative controls not expressing red
fluorescent protein

2.4 BHEAREXRBHERERTRI

2T ELISA T %52 4 1 3% 1 /s 9 2R 11 o,
AHFGEH 6 x His-tag J¥ 5 A CEA-scFv H 13
Aty , A7 F) T E AL RS TR E A A e
R, K pBAD-Z 54k B A EE 41 B 15 5 4508 I IR
EiR, F—$Hi (/DL anti-His tag HUIE) FZ40 (E40
/NE 1gG-HRP) AHARE &, S fo 5 ke I, 45 2R oR
(Fig.5) , AWM —HAY LI A (HE AN —diE
B S 52, M pBAD-Z 5 AL B 52 56 24 ALA fn—
PR XS B2 A fETCAR b, L8 21 B i — it i) 5K
ISl A {HIZ = T pBAD-Z $540 5, AR SLE R
JERLMEWEM SEREANE , A R ME/R His-tag (19
A REDE His-tag PUARPUN , FE1MT 5 4045 A, A
TR W) 2 2 B 1 il 5 2 1 RN B ) 8 1 B ) SR
SR E
2.5 A549 Hfask ERE TR BT

4 g 2 AT ) JRE IR I T 3l i ELISA #1755
B E S L —Bt (/N R BT BT
40 (CEH/D R 1gG-FITC) &, T 525 nm 4b i
DEHRE . 45 R (Fig. 6) , A549 4Rz —$i —
U I 298 60 B B B 5, S 293 4R 3 %L
I, B A549 M —$T BT RS G R B AN I —
PRy 2 504 b, DA A549 4 it 36 T S A e IR
WG A549 4 LR A e e it FH: 200 B 1
2.6 EARFRERTANERIFEREREERE
WiEE

AS549 21 g e T ek A ML IR, wicCH VR fal 2 A o
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mm Secondary antibody

Primary antibody and
secondary antibody

[38)
w
O

2.0+

)

054 0377
0.072  0.072

pBAD-OmpA-mCherry-CEA pBAD-Z

Fig.5 Analysis of proteins of interest on the surface of
E. coli by whole-cell ELISA

protein of interest on the surface was analyzed by the primary

The expression of the

mouse anti-His antibody and secondary goat anti-mouse IgG-
HRP antibody, as well as chromogenic substrates ABTS.
The absorbance values of the recombinant bacteria containing
the His-tag gene incubated with the primary and secondary
antibodies were more than five times higher than that of the
secondary antibodies only. However, the absorbance value
of experimental data of pBAD-Z-transformed bacteria without
the His-tag gene did not change, whether or not the primary
antibody was added

400 371 mm Secondary antibody
~ Primary antibody and
a .
= 3004 secondary antibody
&

T
% 200
2 133
g 108 119
S 100
) .
0- T :
A549 293T

Fig. 6 Analysis of CEA on the surface of A549 and 293
cells by ELISA A549 and 293 cells were directly
incubated with the primary mouse anti-human CEA antibody
and secondary goat anti-mouse IgG-FITC antibody after being
fixed by para-formaldehyde. The fluorescence intensity of
A549 cells incubated with the primary antibody and
secondary antibody was more than three times higher than

that of 293 cells

F A R AT PR, T 4R Sk g R DB Y
o A549 20 1 24 /% W 73 1 5 pBAD-OmpA-mCherry
AN C I FARER S v = Pk (BN AN 2 7
I EABESTAA ) 0 E 4 T (R T R 2L O
PR B PR ) IR F 5, HE PR — Bt
(5 IR JE BABE AR 5 A TR A i (2
/N [gG-FITC) 58, kil 5 G0 B (Fig. 7) . H
HWE—PL W F 5 S 0O0 5 B I 15 | J2
pBAD-OmpA-mCherry %1k B AN Ii— Bt 1 = 41 15
(3 A5 LA L, s SRUE B, 26 1T 7R T IR D P e
Ui B 2 B A S RS R S 4 S T i

9534 %
2 -
. mm Secondary antibody
E Primary antibody and
a 1209 secondary antibody
=
e
g 1
=
3
g
g 341
= 190 216 |—|
Nl 8
pBAD-OmpA- pBAD-OmpA-mCherry
mCherry-CEA

Fig.7 Analysis of the recombinant bacteria binding to
soluble CEA of A549 cell lysates by whole-cell ELISA
The recombinant bacteria treated with the primary mouse
anti-human CEA antibody and secondary goat anti-mouse
[gG-FITC antibody after incubating with soluble CEA of
A549 cell lysates. The fluorescence intensity of the
recombinant bacteria containing the CEA-scFv gene with
primary and secondary antibodies were more than three times
higher than that of the transformed bacteria ( pBAD-OmpA-
mCherry) without CEA-scFv

PR IRPTR
2.7 RERRNERRERENENEAREES
HEE TR EERERE

FE B NI PU R SRR PR 0 T 2 v 5 T
TP e , PRI T 2 1R 45 A 1 T it g
ENRS RTINS N aE S X Y VA NI (TR K 3 8
HEWEE =P (FEPU/DR 1gG-FITC) AL G, 2t
38 W AMBER A R R (Fig. 8) , A £L A
A A5 AT PRI I TR R oA RN S TR R THT
EISATEE (FITC ARic P AL ED0) . L
IS5 RAE— 2GR R, K FF B8 2 10 R 7R 19 IRt A
HEEHTIRRE SRR S A T iA M IR
2.8 EHARHMEEN AS49 A

Wb r A, B 2 B AR IR R () 9 R R SR B
TRREAS R S 45 A T R BT I, A HE 00 o 201 v o L
] 255 JR VS Dt P8 % e 96 240 P ( 4 A549 4L ) |
AT e B 2 B 1) £ AR A, B S5 AS49 4
MiBEE 3 h JFE R KRE R AICA AN TR . 2t
B gL R (Fig. 9) , A H I B AS49 41 iy
J5i , A549 AR PN 30 B S A sSOIR 21 68 9Ol Ui I Al
HUOEhRic i EAL B 22 AR AS49 4N, i
pBAD-OmpA-mCherry ?F%ﬂ:( AV A K X0l e o1
F B {E TR e SR LR SRR ) I E 4L, R
RO EN 2T (85 56, N ITTIE B 1 3 1 JE 7 Jig R e i o
HEBT AR 1) B 2 P BE S AR S AR AR R B A 1 9
AR
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Bright Green fluorescence Red fluorescence

(C) pBAD-OmpA-mCherry-CEA

(B) pPBAD-OmpA-mCherry-CEA

* _(A)pBAD-OmpA-mCherry-CEA’

*
-

v

.
P s
| \ ]
'y - i 'l
-] ?
A SpL
L

Fig.8 Recombinant bacteria can bind to soluble CEA effectively The recombinant bacteria treated with the primary mouse

anti-human CEA antibody and the secondary goat anti-mouse IgG-FITC antibody successively after incubating with soluble CEA.
('A) Bright field images of the recombinant bacteria surface-displaying CEA-scFv after a series of reactions. (B) Green fluorescence
images of the recombinant bacteria surface-displaying CEA-scFv. Green fluorescence was observed in the recombinant bacteria after
a series of reactions. (C) Red fluorescence images of the recombinant bacteria surface-displaying CEA-scFv. The recombinant

bacteria displayed red fluorescent proteins on the surface
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Fig.9 The recombinant bacteria can target and invade A549 cells specifically (A) Bright field images and (B) Red
fluorescence images of A549 cells infected with the transformed bacteria with pBAD-OmpA-mCherry. No fluorescence was observed

in A549 cells after infection. (C) Bright field images and (D) red fluorescence images of A549 cells infected with the recombinant

bacteria surface-displaying CEA-scFv. The punctate red fluorescence was clearly observed in A549 cells after infection
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