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B OE: (8] AIASRAEVFEARAMELZ A H KMWAFHA Nissle 1917 (Escherichia coli Nissle
1917, ECN), 1L aeab4F F 1 278 T IR LR, RAZFACIY B MRS 69 5] B 48 BB E D &
) A A% S HK R BT AR 5-F U 2Bk & BR (5-aminolevulinic acid, 5-ALA)A= %, 95 i 7 B B AH R BR, JF
5% BAE SWHAHRBR IR B L. [Fik] £ ECN b 3k &k hemA™. hemL # argd %
, i3t A-Red B /R E20 & L8R thyd AR B VA SR AF g ¥ éy it R MR LI, Kbt
KE k. HPLC 5 7 x4 T2 ECN 4% 5-ALA Feodbd B9 = & 3t — 5 F) K 9) am e 52 36
Fo N AP BAER 2 %7 AR ECN AF & AM B miceyEA . [4R] TE£B T 5-ALA FHf &
BR 64 7= & 05314 3](173.00+11.46) mg/L #=(1.70+0.09) g/L, #REFA AR 5 8.2 424 20 45(P<0.000 1), thyA
A E Bk A TAZE RGN 4ol HCT116 A= CT26 ¥ 3674, 5 Ew L4l Vero A8k, TAEH
FERF J& 4 L F 49 ODgoo =3 T 1 42(P<0.000 1), # iR F T42H ECN #9 P B ¥edd. kA9 £
EERTAERBTEMNBAR T HFL SR S-ALA AR, 5 AR BECN AL TR 5 355
CD8'#= CD4" T #m it iz i 38 JE 38 hm 2.7 45H= 1.9 42(P<0.000 1), IL-6. TNF-a 5 ub/K-F55lH 5 1.7 4
Fo 2.4 42(P<0.000 1), F&A&3T PD-L1 7 57 B AY g AR A3 4] 1% 77.6% (P<0.000 1). [4#]1 KAFR
RAMET B RS- BE N ERIZEH 46 ECN TEB T4, BiLRIE-L R N5k
B MBI F 00 BB ARME RARVABE) R S LB 69 = FAE R A FARIG 69 FA06 T — AR
TR OGRER TR, Ky I IR IR B R 42 Rk o) R AR T AR B3
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Escherichia coliNissle 1917 for the biosynthesis of 5S-aminolevulinic
acid and arginine: engineering and application in tumor
treatment

YIN Ran'*, LIN Changsen®*, DING Xiaodi’, LIU Xiaojing', ZHAI Yixuan', YU Xiaoli'"

1 School of Public Health, Shandong Second Medical University, Weifang, Shandong, China
2 Affiliated Hospital of Shandong University of Traditional Chinese Medicine, Jinan, Shandong, China
3 School of Basic Medical Sciences, Shandong Second Medical University, Weifang, Shandong, China

Abstract: [Objective] The probiotic Escherichia coli Nissle 1917 (ECN) is engineered by
synthetic biology to construct a tumor-targeting strain capable of colonizing the tumor tissue,
converting glucose and metabolic waste ammonia in the tumor microenvironment into the
photosensitizer precursor 5-aminolevulinic acid (5-ALA) and the immunomodulatory amino acid
arginine, while synergizing with immune checkpoint inhibitors for enhanced antitumor efficacy.
[Methods] The genes hemA™, hemL, and argA were co-expressed in ECN, and thy4 was knocked
out via the A-Red homologous recombination system to improve the tumor-targeting specificity.
Shake-flask fermentation experiments, UV spectrophotometry, and HPLC were employed to
quantify 5-ALA and arginine production. The antitumor effects of the engineered ECN were
systematically evaluated by in vitro cellular assays and a murine colorectal cancer model. [Results]
The engineered strain achieved 5-ALA and arginine yields of (173.00£11.46) mg/L and
(1.70+0.09) g/L, which represented 8.2-fold and 20-fold increases, respectively, over that of wild-
type ECN (P<0.000 1). The deletion of thy4 enabled selective proliferation of the strain in tumor
cells (HCT116 and CT26), with a two-fold increase in ODgy compared with that in normal Vero
cells (P<0.000 1), confirming enhanced tumor targeting. Both in vitro and in vivo experiments
demonstrated sustained synthesis of 5-ALA and arginine in tumors. Compared with wild-type
ECN, the engineered strain induced 2.7-fold and 1.9-fold increases in CD8" and CD4" T-cell
infiltration (£<0.000 1), alongside 1.7-fold and 2.4-fold elevations in IL-6 and TNF-a secretion (P<
0.000 1), respectively. The engineered strain combined with the anti-PD-L1 therapy achieved a
tumor volume inhibition rate of 77.6% (P<0.000 1). [Conclusion] This study establishes a
metabolically and immunologically dual-functional ECN platform that synergizes localized
delivery of photodynamic therapy precursors, arginine-mediated immunometabolic
reprogramming, and immune checkpoint blockade, providing a novel solution for the combined
therapy against solid tumors. The engineered system offers a groundbreaking strategy for precise
tumor microenvironment modulation, advancing the research on targeted cancer therapeutics.
Keywords: Escherichia coli Nissle 1917; 5-aminolevulinic acid; arginine; photodynamic therapy;
immunotherapy
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il 5 1% AR 2R 0GR T R A IR A DL A AR
VBRI SEmE, TR AR B0 1R T Gl ) 1
M H 25 w0 a3 N TR, A
A SEEAE IS PR (T . 2R M kA )Y
M)A A Sk, HARHE S A m b IR (5 5 1
FRPE ARG T IR L T B ems ™l Hop, K
¥ 1 Nissle 1917 (Escherichia coli Nissle 1917,
ECN)/E AR th ts A R AR, P RR O Sk
RGN AN
NAR 24, T H ECN R R R 2R
S A OGS R T R RIERESL WY,
FETE Mg A 15 ) {1 4 B e 00 ] DXl S B
ROEFETY, WFITIESE, & T RMLMGE S A9 ECN
AJ 23K [R] 46 2L i [ % (eSLC), 18 i Jay 37 B ik
CDA47 KB A5 B0 77 (eSLC-CD47nb) 1% 7 4t
PO G HE—2 A A TR 1 T2y
AV TT 5 BT far R s i A A RO F gy
BT HAE I A e T T

Y6 8 71 J7 ¥ (photodynamic therapy, PDT) 1
R —FENETT B, AR RO TR TR HGR
5-%4 A 2 W 2 (5-aminolevulinic acid, 5-ALA)TE
i 210 L PN B R e AR o 5-ALA A A
Al Ry JEUBBR IX (protoporphyrin IX, PpIX), 7E
FEE I K (660 nm) G RETUE T A AT A AL RE T
A3 P & (reactive oxygen species, ROS) , #E1f &
AR NP SR, S-ALA AT A9 5%
KR S o e ™ R 24 T Hm R . A
ARG B 38 Ao ) 2 A B SR e Tk 3 ol
B IR, T TR L ECN PRI (i %
Rk 5-ALA WK fESC s 2 4 1 8158 fig Uy
LU gbsh, PDT i3 B G RE R vE gl e 58 T T
FER AR OGP, 5 SRR A A S A i 7 35E AT
P IR . A, NCP@pyrolipid S
RGHE DU PD-L1 Huik ] [ A5 5 & k5 i
IR AR 10 3R ECN /549 PDT-%
PERC BT IE A RN E

BRI E R, MR ROA TR AR B =
23155 PD-L1 BHWR 7k i S i 2. 4((NH3)
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YE R I AR RN =, 24 2RI S LA
WA ERR, Pl N-L A 2R A U (ArgA)
FEAEASEIRS ), 1Z0hE S ECN B 5-ALA
WA A RTR D) R M A IR Tk,
AHIFGE R T 2H ok pCL1920, ik hemdaM .
hemL Fl argd JEIH, i ECN T8 B vl 4 51 F FH
HEBERZLE AR R A 5-ALA SRETR,
HE—20 5-ALA 505 R 0 ) 3 1% 28 g 40 o
Wi 540 PD-L1 TR EMEIER, Arscst: (1)
PDT i S Jm il i R 055 (2) s mR A = 9
HEORPEN s (3) RGEPUIMIE S e g . Xl
FTE YA TR EECAIR YT RS A S AR
TR OE TR (A 1),

1 AR5

1.1 EFRE

ECN 35 F2 o st (G ¥/ k I LB 17 2
(g/L): BRI 10.0, BERERY 5.0, NaCl10.0, ##
AR R I R R -3 (g/L): (NH,4),80,4 6.0,
KH,PO, 3.0, Na,HPO,-12H,0 16.0, MgSO4*
7H,O 1.0, MnSO,:7H,0 1.0, EEEEHY 2.0, LA
ZPHEAME IR, [RIRFANIN 25 mg/mL H LA 2R
A1 3 mmol/L JF LIESE 5-ALA FURE BRI S .
FifE AR, FERGFR AR U AN 0.1 mmol/L
SN HE-B-D-BiA L (IPTG).
1.2 EERF

PrimeSTAR HS DNA % & fiiff J2 H: buffer 2%
. DNA FR#I N YIEE, TaKaRa 2Aw]; HF
e i) 4% 75 6 i R (R ER R . I RERY . NaCl
). JHEEE . IV RIS . DNA i 1, Solarbio
ST WA R IPTG, MotF, FiEgs#as R4
W5 AR By A BR A Fl 3 Gibson Jo 4% 2H 2547 ,
NEB 23 #); $t PD-L1 ik, Bio X Cell 247l ;
Z iy CD3 Piik . e —br, deathii&tf
HEYFEARARAF; HT CD25 Huik . T CD4 it
. $1 FOXP3"Hifk . Hit CD8a Hiifk, Biolegend
oSl
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A NH, D-glucose
| Arginine
Glucose -6p /
P, hemAM- hemL-argAHISY gdhA ; argdy, sy nl
Glutamate mmp 230 __ A oinine

l gltX
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E1 ECNLUEZEEMIAREE RS- ALATE R
Figure 1

Irradiation

anti-PD-L1

Cell death

Arginine

KB H 4L (a1 3% 2 BT 40 A
5-ALA and arginine production from glucose and ammonia in ECN and targeted delivery of 5-ALA

and arginine into tumor cells. 5-ALA: 5-aminolevulinic acid; GSA: Glutamate-1-semialdehyde aminotransferase;

GIn™*: Glutamyl-tRNA; PpIX: Protoporphyrin IX.

BN e v UK IR RGRI &, Omega Al

ok s AR BGRR A, RARAALRHE L) A BR
5 Fl; ELISA B &, ot # s AE W) TR A
i

1.3 EALA F1 EALA AthyA TiEEHE
AR & B L

B 2R R ECN FHAS LI % /e, IFHE M &
WK T . B, 3 argdusy (GenBank
BTN AF008116) AL U B A MR e
RN E]A Y, MRS Gibson 2H 25 ) kol Hod 122
F)Z AIHEE A EE Y pENAL M1, i3k
1333 FIk K pEALA, fifi KA L-Red AR

4t 1) pTKRED FIAE by b5 i 2 Al PCR 52 4 1
pKD4, ik PCR P2 47 H 4, #iBR ECN
FLHHH argR 1 thyd 3£ . 519 argR-F .
argR-R Fl thyA-F . thyA-R 5 IE argR Fl thyA
R B K . B, ¥ pEALA L fL 3|
argR Y58 7 KR K argR . thyd XU 7% ¥k h
43 9 A 44 h EALA Fl EALA AthyA . 76 &
25 mg/mL CH: W 2 % F1 3 mmol/L Mg 11 /) LB
B2 T vl IS S S U R S I
Hema-F Fl Heml-R i 1% FH M 7 B . A HF 5%
BT A R . BRSP4 2k 1 A
2 iR

TR AT AL IR iy, A0
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®1 AW E R B E AR BAL

Table 1 Strains and plasmids used in this study

TR IR, FHRAFIE iR 2%
Strain and plasmid Relevant properties Source or
reference
Strains
Escherichia coli Nissle 1917 Wild-type Lab stock
(ECN)
ECN AargR::FRT ECN with the deletion of argR This work
ECN AargR AthyA::FRT ECN with the deletion of argR and thyA This work
EALA ECN AargR::FRT harboring pEALA This work
EALA AthyA ECN AargR AthyA::FRT harboring pEALA This work
Plasmids
pTKRED pSC101 replicon® PL-gam-bet-exo, recA cI857, Sm" Lab stock
pKD4 oriRy, FRT::kan::FRT template plasmid, Kan", Amp" Lab stock
pCP20 pSC101 replicon® Flp (ARp) cI857, Cm", Amp" Lab stock
pENAL pCL1920 containing hemAM (S. arizona) and hemL (E. coli Nissle 1917) Lab stock
pEALA pCL1920 containing hemA™ (S. arizona), hemL (E. coli Nissle 1917) and
argAysy (E. coli DH5a) This work

R2 AARERBSIHFS
Table 2 Primers used in this study

EIE7E0N Gk

Primers name Primer sequences (5'—3")

argR-F GGACTGCGACTTTCATCCTAAACTC
argR-R GAGAAAGTCACCCGATATGGTGGT
thyA-F GAACTGATGCAAAAAGTGCTCG
thyA-R GTGGATCGTATCCTTCAATC

Hema-F ATGACCAAGAAGCTTTTAGCGCTC
Heml-R TCACAACTTCGCAAACACC

H(EHAF)MSE ODgoo fH, I P YA 254
W AT ] SBA-40C AE WG R (L AR B R B A
VI In) #4750 0, SRR 1Y Ehrlich 205543
BT 5-ALA MeJ s b i b rRG 22 R T8 i v RO
AH 4 3% 4% (high performance liquid chromatograph,
HPLC) (ZHER A mD KM, oA 2 2R
EC-C18, Fr A H i AR s AHTE HPLC 23 M i 44
i 0.22 pm JERREEIE
1.4 {FSMNARESCEG H S-ALA FIFEEERHY
ME

R AR b K AR (Vero) . A4S HL 98 4
ML (HCT116) /)N B 45 I 96 40 2 (CT26) ¥ 1 H H
B B2 B A i, JRAE & A 10% JIG 4- Vs .
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100 mg/mL T8 % A1 100 U/mL £%% £ ) DMEM
BigR s i 9% . AMBRTE 37 °C. 5% CO, [
BFRFh R K

¥ Vero, HCT116 1 CT26 4il i (4F L 24
3000 A EERNF 96 FLAC TG SR 24 h, RS
JH ECN o, EALA AthyA AbBE. 1%E, Kit55% 36 h
fY) ECN £l EALA AthyA & BEAE 4 000 r/min 2
> 5 min, H PBS WE&JG HHETE T DMEM %
FRIerp i HIKE N 1x10" CFU/mL, B 10 uL
# AT EVE I ECN Fll EALA AthyA fil A4 i
HFEBFEREFR 72 h, [RIFCEE 24, 48, 72h 1Y
HIEFRRH TR ODgooo SRJG , WG FTATFE S 2
O IS T 5-ALA RS Z R E =0T
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1.5 X} EALA AthyA #{T/\BE ARG

S LI S S Tk e AR R R
KRS S PO e B B 2, s
47 2025SDL041, Witk BALB/c /MR (4 R4
Grr L SE R s EHE A RA A, shi A= iF
A[FES o SCXK () 2022-0006., /)N AE TSR E
g R AR S N R SR, AT 2= AR SR 3 do d
CT26 Jif 98 20 9 (5%10° CFU/mL) f¢ F 2 F 5|
BALB/c /N B N o 24 i 9 7 32 1R Bk 21 2
0.3 cm® B, K 40 HU/NEUREHLS A LT JLAL
ECN 4. EALA AthyA #1 . #i PD-L1 ik 4 |
EALA AthyA+¥T PD-L1 Hiik4l, H4H 10 2. fif
FRREG A I AR ) FR .

PR AR =(K < 5E%)2 (1)

¥ ECN Hl EALA AthyA 1535 36 h, RIGHE
FIGH PBS f, MK AEILE] 1x10" CFU/mL.
B, JCR S 25 (1 mL)LL 50 pL PBS W%
A, B 2 WIEWNES, BIEHET 8 IBYT .
3 d 25 /NEUE 5T 200 pg/100 pL PBS 3T
PD-L1 #if&, ECN Hl EALA AthyA BuhyEs, mf
5200 pug ¥ PD-L1 HUARBE GRS . 7R3 SL50 T
R, XS EE T /N BRI R
A, WG ShRE ) AR . B ECN Ml EALA A
thyA 11 7]y BCES RO K HR 3 i 0.5% 7 24 A AN
25.0 mg/mL MM A &K, 2-3d HHe 1k, JF
H A 2 d 45/ ROIE Wi 3 51 3 &f B ) A9 IPTG
(1.0 mg/200 pL)., #ZbFE 24 h 5, ffiFHEOGE (K
FHECHE ARG RAF)LEL 660 nm %K Al
150 mW/cm? PGSR BE X 41/ MR IEFT 5 min D6
W 25, 82 dEIFC IR ARURIASE, #
AR AFRRMATE 555 1 I T LA
1.6 BhESI &SI EF CFU T3

M BALB/c /MR AR s BRI, A
“A 5mL PBS IEHE T, FREFELIREN
BB R AT 503K o B e S A T i B
AyEERN A 25.0 mg/mL HIEE 21 3.0 mmol/L
W () LB Bifg i 5% 55 (T EALA AthyA 135%)

AN 25.0 mg/mL LA Y LB BiR ;7R 5
(T X8 ECN #55%). “FAfE 37 °C FiE ot
B, B X A T TRV A T A
1.7 ERBELELE 5-ALA MBS S S
B E

it F g 55 10 B3 14 8 5 A 95 4k 30 miin,
)5 4 °C. 12 000 r/min 5.0 5 min, EFEAE
T, EIHWAHT 5-ALA Kl

By 50 mg b 20 23 m A 400 uL 75% H
s, WRENRY 60 so FHFEARFER A T2 1 min,
M5 S B E 10 min, BE 3 K. ZJa, 1EIK
| A LB 30 min, JfLL 17 000 r/min B0
15 min, B W pl)ilid LC-MS/MS &4
(AB A ") HEAT RS & R K, fif A MultiQuant
3.0.3 Ao br g
1.8 CD3 ®eRABLMULERAK

fifi F 22 se BT CD3 HriAxt /N B8 (1) 47 1
FL IR UREAGEA TR N T 43R 0. 4]
IR S 5, i pH 9.0 AY EDTA 2% i i 75
98 °C A H HEAT 20 min MUPLIFEAEE . Bl (i FH
Te M 2 A B AR AT PR E A 10 min, —$i
DL 1:50 P E 1 he VA A R ILbT
S i E 30 min, )5 A PBS il Tween-20 3t
¥, mJEiEfT DAB (1,
1.9 FIFRINHAEARAENBERIE T 4658

FIH 2 mg/mL IV B GAT 50 U/mL DNA
it 1 388 3 B 7 32 6T IR A AR TR T il i Ak 3R o 4%
AR, BEJS S FH DL R SRR T e
APC Rt B4/ CD25 Hitdk . FITC A1 BIHT
/NEL CD4 Fitfk . PE #ric B9t/ R FOXP3 ik
LI PerCP #ric 4T/ CD8a dtdk . i X
o0 AN (B2 BE AR N m) X RE AR SEAT R, IF
FlowJo B X B34 75087 o
1.10  E5EX % 5% I M1 E (enzyme linked
immunosorbent assay, ELISA)

W4 22 PBS. ECN Fil EALA AthyA Ab F ()
/NERIMIRE 202, SR S 10 I 4l 21 47 50 K Ak
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L, RIEKAIE W 4 °C. 12 000 r/min &0
10 min, EFRATAE AREEY . I/ ELISA i
F A E MR AT EE R P A A &K -6
(IL-6) FRE IR F-o (TNF-0) IR .
1.1 BB

i F GraphPad Prism 8 {4 1E47 X [w) J7 2543
Mr, JF4546 Tukey K49 5% Dunnett 2 5 L1 4 HG
5, PE/INT 0.05 B EA G4 L,

2 BER5AHM

2.1 ##E ECN & 5-ALA Mg HEg
Jrb R i A g5 v A P ) S R R O A
] A 4 AR A TR AR T . ASBFSE SR FAR

14 .
12 +
10 ¢
X1
8 6 —--ECN -=-EALA
41
2
0 8 16 24 32 40 48 56 64
t/h
C
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<
o500t
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TREREEXT ECN #F Tt it , it iy #2241t
G Al % SR 5-ALA 50K5 2% 1Y B R4 h
ARG, ECN thIE3h ok A WP TTIR R 1Y
hemA™ 5 PIRVE hemL BE B &5 5-ALA (194E
YA P R &R A B S — 2 R TE N-2
Pk 25 2 R A R (ArgA) RO FE F K &R 2 Tt
o B, A 5T 5 £ pCL1920 5T A o ik
hemA™ . hemL T argAy, sy (Jit5 N-Z B RIR &
T S AR IR HISY), - B A 2 19 BHL it 2 1
S ArgR, AL EkE A= mS, W
T E R EALA,

mE 24, 2B i, 3 FEKEETREE
EALA H 36k RN T2 B A9 A R ARk B i 8
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Figure 2 Fermentation experiment results of ECN and EALA. A: The growth of ECN and EALA; B: The
glucose consumption of ECN and EALA; C: The 5-ALA accumulation of ECN and EALA; D: The arginine
accumulation of ECN and EALA; E: Color variation of ECN and EALA fermentation medium. Statistical
analysis was conducted using two-way ANOVA with Tukey’s multiple comparisons test. ****: P<(0.000 1 (n=3
per group; Each group tested in triplicate; All data were shown as mean+=SEM).
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R = &, 5 ECN # L, EALA
5-ALA i T 8.2 £%(P<0.000 1), 7E 56 h
NIk F](173.00411.46) mg/L; [AIF, 4552 AR
ZEEINT 20 £ (P<0.000 1), 7F 48 h Nk F
(1.70£0.09) g/L (] 2C. 2D). MkAh, HiFEdLnys
ARG (E 2E), AR S T ok 251k & W K iy
RN EE, BRgEREEW, @i Righn
AL A T = Y 5-ALA RS &R
HR MR T PR TSR
2.2 REIIEE EALA HIFPIBEE[E) A8

J T 4R = BEALA i g8 #8 15) fig
ASHIFGT w5 T e 20 R S A 1 W R
BCEE R (thyA), PHEE T FETR EALA AthyA. K

RN, thyd WRIBRAFZ I 5-ALA FIRG 2R
R, R R 5 R E R R R
(&l 3A. 3B). &4k 40 3 5% 57 50 5 o,
EALA AthyA 7E IE % 4 il Vero 5 BLA= K il
(ODgp<0.1), Tii7E CT26 Al HCT116 i3 41 g
WERI R S TERE T, 72 h 35985 ODeoo 15
2] 0.2 (1 3C), EKIMMERHEAEE RSN R
AT SN thyd SIS AR B IG . 5 BER I,
EALA AthyA [ 5-ALA FIRS 2 B2 78 Bl Jed 240 i v
A —EMRE, 72 h N5515F] 35 mg/L Al
025 g/L (Kl 3D, 3E). bFiR%ER EIx, EALA
Athy A A CIHR R E R S T IR A S o
B, JTTEREE RN RS i 5-ALA FIRE 20

A B
200 1.8 1
1.6 |
160 3 14t
] =
S o 1.2
2120 2 10l
< £ 08}
— 80 I
< 5 06}
40 =04t
0.2}
EALA EALA AthyA EALA EALA AthyA
C D P E Rk R
0.25; =Vero=CT26mHCT116 seskokok ’-\g(s) =« Verom CT26 s HCT1 16""*? 303 sVero mCT26mHCTI116 Hok ook
q | T |
30 )
é%g g 0.2
< =
- 15 =
210 %00.1
v 5 <
0 0.0
24 48 72 24 48 72 24 48 T2

t/h

t/h t/h

&3 TFiEEEALA AthyA7E & EESCIE WA K 5Vero. CT26FIHCT1163L1E 551372 A RS- ALAFIFE RERHY

1B
Figure 3

Engineered EALA AthyA producing 5-ALA and arginine during fermentation experiment and

co-culture with Vero, CT26, and HCT116 cells. A: 5-ALA accumulation by fermentation experiment; B: Arginine
accumulation by fermentation experiment; C: The growth of EALA AthyA co-cultured with Vero, CT26, and
HCT116 cells at 24, 48, and 72 h; D: 5-ALA production of EALA AthyA co-cultured with Vero, CT26, and
HCTI116 cells at 24, 48, and 72 h; E: Arginine production of EALA AthyA co-cultured with Vero, CT26, and
HCT116 cells at 24, 48, and 72 h. Statistical analysis was conducted using two-way ANOVA with Dunnett’s
multiple comparisons test. ****: P<(0.000 1 (n=3 per group; Each group tested in triplicate; All data were shown
as mean+=SEM).
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2.3 EALA AthyA 7 /)\ 548 P9 RO 31 B J&g
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Figure 4 EALA AthyA for enabling efficient tumor accumulation and causing the immunomodulatory effect. A:
Five million CFU of EALA AthyA or ECN were injected into CT26 tumors. The tumors were collected and
homogenized after 24, 72, or 120 h and bacterial abundance was measured by CFU assay; B: 5-ALA level was
measured after 24, 72, or 120 h; C: Arginine level was measured after 24, 72, or 120 h; D: Detection of CD3" T

cells in tumor tissue using immunohistochemical techniques after 72 h; E: CD4" and CD8" cells were analyzed by

flow cytometry after 24 h; F: FOXP3" cells were analyzed by flow cytometry after 24 h; G: IL-6 in tumors was

measured by ELISA kit; H: TNF-a in tumors was measured by ELISA kit. Statistical analysis was calculated via

two-way ANOVA with Dunnett’ s multiple comparisons test. ****: P<(0.000 1 (n=3 per group; Each group tested

in triplicate; All data were shown as mean+SEM).
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