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bacterial strains, demonstrating remarkable tumor-targeting specificity with 10* - 104-fold higher distribution titers
in tumor tissues compared to normal tissues, alongside significant antitumor efficacy. However, the molecular
mechanisms underlying its tumor-targeting properties and antitumor activity remain elusive, hindering further
strain optimization. As aromatic amino acids serve as essential nutrients for bacterial growth, their biosynthesis in
Salmonella is primarily regulated by the aroC gene. To investigate the role of aromatic amino acid biosynthesis in
VNP20009's antitumor activity, we constructed an aroC-deficient strain (VNP AaroC) using CRISPR/Cas9
technology. Systematic evaluations were performed to assess: (D tolerance to extracellular stresses (pH, H,0,) in
vitro; @) invasive capacity against B16F10 melanoma cells; & proliferative capacity within tumor cells;
@ antitumor efficacy and biodistribution in B16F10 tumor-bearing mice. Experimental results revealed that VNP
AaroC exhibited comparable growth profiles to wild-type VNP20009 under varying pH and H,O, conditions.
However, its colony growth rate on solid medium under identical pH and H,O, conditions was significantly
reduced relative to VNP20009. Furthermore, the invasive and proliferative capacities against BI6F10 melanoma
cells were markedly diminished compared to the wild-type strain. In murine models, VNP AaroC demonstrated
reduced systemic toxicity but concurrently showed attenuated antitumor efficacy and tumor-targeting specificity.
These findings establish aroC as a critical gene governing both therapeutic potency and tumor-targeting capability
of VNP20009. This study provides valuable insights for further synthetic biological engineering of oncolytic

bacterial strains. All animal experiments were approved by the Institutional Animal Care and Use Committee of the

Nanjing University (approval No: IACUC-2003167).
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Table 1 Primers used in the study
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Primer name Primer sequence (5'-3")
aroC gRNA-F TTTCGGCGAATCACACGGGCGTTTTAGAGCTAGAAATA
aroC gRNA-R TTCTGCAGGTCGACTCTAGAGAATTC
aroC-US-F GAATTCTCTAGAGTCGACCTGCAGAAATTCTGGATATGTGTACCGGCAG
aroC-US-R ATCGCGGTTTTTTTCATTTCTTACGCGAAAGAGTTGTCCAATTGTGTTTC
aroC-DS-F GAAATGAAAAAAACCGCGATTGCGCTGCTG
aroC-DS-R CAGGGTAATAGATCTAAGCTTTACGTAGCCAGTCACGATCGTTTCC
aroC-PTAT-F GCTTAGATCTATTACCCTGTTATCCCTACTCGAGTTACC
aroC-pTAT-R GCCCGTGTGATTCGCCGAAAACTAGTATTATACCTAGGAC
pTAT-jianding-F GAAGAGCGCCTGATGCGG
pTAT-jianding-R CTCTAGCTTCCCGGCAAC
aroC-F GTGCCGCGTTCACCGATTGG
aroC-R TCTTCGCACTCCAGGCTGTCG
GAPDH-F AGCGTTGGAAACGATGTCCT
GAPDH-R TTGGTGTTGACGTAGTGGCT
aroC-qPCR-F TTCGACTTCTTCACCTGCCC
aroC-qPCR-R TCAGTAGCGGGCAACACATT
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The construction of the attenuated Salmonella strain
VNP AaroC. A: Illustration of plasmid pTAT-aroC-KO; B:
Mechanism of CRISPR/Cas9; C: Knock-out effect was confirmed
by colony PCR. Lane 1-4: VNP AaroC; Lane5: VNP; D: Knock-
out effect was confirmed by quantitative real-time PCR (qPCR).
n=3,x+s. P<0.001

Figure 1
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or PBS; B: Tumor doubling time; C: Survival probability. n = 6,
x£s. P<0.05 ""P<0.000 1. ns: No significance
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Figure 3 Biosecurity of VNP and VNP AaroC. A: Body weight
changes; B: Organ weight of tumor-bearing mice; C: Liver index;

D: Spleen index. n=6,x+ 5. "P<0.05, "P<0.01, "P<0.001
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Figure 4 The effect of aroC gene deletion on VNP tumor

targeting. A: Bacterial titers in liver, spleen, and tumor; B: Tumor-
to-liver and tumor-to-spleen ratios in mice treated with VNP or
VNP AaroC.n=6,x+s.P<0.01, "P<0.001
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T AR 3R IR 86 AaroC I Rk 15 W 38 K T AR B 97
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Figure 5 Growth of VNP and VNP AaroC at pH values. A-D: Bacterial grouth curve at different pH values; E: Colony tolerance at

different pH values
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Figure 6 Growth of VNP and VNP AaroC at different H,O,

concentrations. A — C: Bacterial grouth curve at different H,O,

concentrations; D: Colony tolerance at different H,O, concentrations
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Table 2 Summary of properties of VNP20009 and VNP20009 AaroC

HH 1) S S8 BT R B, e R A I AR D
iR HR, AN F pHAE & H,0, WK FE ¥ LB Kf
I H bR 75 G B (RS ADL 88 TR P 855 2% A1), A AL B A AR
VNP 5 AaroC 18 #k 194 K #2838 AR — 2, R aroC 3
DR 2 XoF VNP T A9k (1) pHL i 52 1 A0 80 A S 38 i 52 1 5
W/ HE— DRI, AaroC B #& X B16F10 41 i
(2 2% A8 70 Jo FLAE i Ja 200 B PN D 386 2ok R A B 2 Y
PR35 BRI, 1X — 3R 2 5 L0 iR 25 R a 55 25 VDA O
MU 53 W 2 B, 1R 2868 ) F R v e 5 2 IR = W [FIAE
PR D% —J7 T, Y0171 KR 0 2 1 1 AR 0 s 2 T
255 AL TR, T AaroC B VR 75 IR B R R &
S SR B T L 4 0 1) 0 R B AR R, 1 55 4 B E AL
BEIAE 1, B — 5, aroC H 2 7] g8 it PhoP/PhoQ
4 Jey Y 45 22 48 10 4 0 ) T 2R 40 i R G O TR 3%
ik, e SR AR = g | R AT E i PhoP/Q K6 P & IE
ARG X 3 % N SPI-1 B L [R] (BLHE hild \preH «
invF Fl sipC), M P AR 42 28 R0, 76 i Py 38 5 77
T, AaroC T & 52 FR T B8 5 T Jil 8 S 4 5% 15 g AR 44
F1R R0 B R 1) LA TR 2 AV R, E G P O A IR
GBE TR T REAS 2 LLAMEGH B & BB P TR, 49 5C
T i = W] PRS2 BR AR 06 A, 51K FRL T 1 B T e B
15, 5 2R85B 35EL I R e B 0 ) 0 2 R R
aroC HE R A T 10 7% 75 Ik S B R 1 38 % 7E VNP20009
(e b 8 208 Hh LA B A D A 3L B AR LTS
TIRNIEHT -

01T K B VNP20009 R 7E s PR THA R 56 o 2 90 H
70 PR o) 2 M (s BORT B IORE) T & TR R . A
PETF 22 AV AR ) M, T 9 3 Ik e ok DG B B R B
AU AH DG EE R LA T I 2e AR R P . %5 T AaroC
B R B0 4 PN 2 B PRI, 1% R B N B A )
SR A T AR AR A T Ak . AR T, AaroC BRI B ) BT
i 988 RE 70 % B A T N TS, ] P A 2 v 5T
RN o S B SR Bk i . AR SR AT A AR
WS T 128 JE ) 0 1%, G EE S IR S B R 7E iR 1R

Property VNP20009

VNP20009 AaroC

Characteristics Wild-type strain

Antitumor efficacy Strong
Body weight changes Continuous weight loss
Enlargement of organs
Tumor-targeting Strong
Survival under varying pH/H,0,

under low H,0, (1 mmol-L™")
Invasive capability

Intracellular proliferation

Severe enlargement of liver and spleen

Resistant to weak acid/alkali; growth inhibition

High invasion against B16F10 cells
Strong proliferation within B16F10 cells

AaroC mutant strain

Significantly weakened

Transient weight loss

No significant enlargement of liver and spleen

Severe deficiency

Similar to VNP in the liquid environment, but reduced
growth rate in solid medium

Weaker invasive capability against BI6F10 cells than VNP
No proliferation observed within B16F10 cells
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