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Abstract: Attenuated Sa/monella VNP20009 specifically colonizes and proliferates within tumor tissues and
inhibits tumor growth. It has been used as drug delivery vehicle or in combination with other therapies (such as

chemotherapy), which shows a good application potential in tumor therapy. In this paper, study was conducted
to determine the physiological changes of growth curve and formation of bacterial biofilm of VNP20009 under
various environmental stresses, such as temperature, pH, and H,0,. The results showed that VNP20009 could grow
normally under the conditions of 42 °C, pH 6.5, and 1 mmol-L" H,O,. Furthermore, the weak acid environment
was beneficial to the biofilm formation of VNP20009. This study provides a basis for in-depth study of the survival

mechanism and application of attenuated Salmonella.

Key words: Salmonella; VNP20009; growth; biofilm; microbiological phenomena

R YD T IR B VNP20009 3% F Sk 5t o .k 2
s SCHR IR IE, AT R B B 3 s, afmy

Wik H91: 2021-01-31; & [H H3: 2021-02-24.

HEE&UH: EHEARREESTITE (81630092, 81573338); L34 £
HJT W H (BK20192005, BK20171202).

*J@ HAEH Tel: 86-25-86185986, E-mail: 1ijh8075@sina.com;
Tel: 86-25-83324605, E-mail: zchua@nju.edu.cn

DOI: 10.16438/7.0513-4870.2021-0175

A N #4817 JiORL AT/ 2 % RNA (short hairpin RNA,
shRNA). ik VNP20009 Fir 4 7 (1) 57 ki 3 18 1 40 I3
B [N 2 (endostain)Bl fifHEF PR L R T FH 5%
T3 S AR (tumor necrosis factor-related apoptosis-
inducing ligand, TRAIL)™ Al C K iy £ % %Y Fas AH %
BC T3 & A (C-terminal tail Fas associated via death
domain, N-FADD)®45] HAAREF it E - . By 1 1E



45 B IR pH (A H,0, 5 EE VS I IS B VNP20009 [ 4= K 7 AR W T 1 14 5 i - 1607 -

BNYIAEAY F ISR B R 4 1) B8 A FH 208, VNP20009
CAE P 29T T s PRI R 38 ED . H Al ¢
VNP20009 [ 7t 5 24 o T g 16 R 24 3502, HL
AW s AR AT AT T, W AT TR R R AR 1 11
IRNNUR T i, FEH BRI N A4 . S 7 S8 4
FIH VNP20009, X 347 B Al A= 4 2 0 S 2 0 B

S B A 0 L A R SR A S T B B FRDIR 45 44, 1%
SER AT TE BB FRAR I AL, TR 20 B 52 Ah TR B 5
Wi o 4T A S AT 22 0 DA S A - W LR, A
VIR R R A B — AN 2 IR 8 ) VB AE R T TR
T8 P RGO o DR I 0 B AE 0 L (4 T 1l A7 150
S WA E R A A E VLR

KW T V0 1T R TE VNP20009 78 A [ PR 485 2% 14
(5L «pH B AR [F19 FE H,0,) 2R KetR i BA K AR W g
BT B, 9 VNP20009 IR NI 5 f e 3 FH 24 e B Al
ARG R 1K 4

MR 5HE%E

RSB BRI A & A R (Oxoid 24
Al); M63 35 77 HE G2 pP R (& IR 35 AR W R A A
ity b7 A (3% H Bio Tek 2 w). pH 4% (i - METILER
TOLEDO 2 m)) i 78 K (1 5 HEACH TR A w)) - 4H
W5 9E 4 (72 E MEMMERT 2 &),

Bk RERES  WITTIRE VNP20009 H A L5
FORF . K IRAFT 20% H I (-80 °C) [ FPAE LA
# [ LB (Luria-Bertani) B Jlf 55 72 28 (1% | H R 1%
NaCl.0.5% B £} B F1 1.5% 558y, 5 6 K i) 2473
TTEAL, PRk B 7 b A PR T LB VR R B 5 B i % 77
J&, 4% 12100 L B2 FlF LB 15 77 3, 37 °C 220 r-min’!
B35 2 0 B K (g 0.6~0.8), VERE S % 1 .
A VNP20009 7E 3 Fh 2% A1 T B9 A2 K S 4 B A= ) i T
B @O L (3742145 °C); @ pHAH (7.0.5.0.6.5 Al
8.5); ® H,0,(0.1.1.5.2.2.5F15 mmol-L").

WEEKEZNE IR AGES: 24 his il
AR ZAF R VNP20009 [ 4= K il 28 . R 5 1 14 1%
AR T AN F &4 (pHAE \H,0,) 1 LB B 77 5,
BFLIIN 200 puL B 2 96 FLIK, SFLEE, T 37 .42 Al
45 °CHES: KGN . 8L GraphPad Prism 8.0 %14, % H
&) Gompertz #ETUUOE] & AR K i 28, A a0 R

y=A4+ Cexp{exp{'lj;(i 1)+ 1}} (1)

Horr, A: AR AR C: MW iR B AR oK
HORE Z AN ZE A8 py: B AR A MR AE KW IS
I IR) o K SRAT A AN S FR I T (0 Hidle 20 AR i

AR Ry F e, 3B E KA IR

N EIER R 5 14 B9 40 B 5% 2 ROt

Tk P55 AN pH B B BRI 2 10 5 FRE, B
B2 uL ST LB IR R 77 28 b, 20 1 37,42 A1
45 °CHE 5597 12 ho pHAA 77129 5.0.6.5 1 8.5, LA

H,0, N B 5 B 3% 1% 80 2 5 H,0, (0.1, 1.5,
2.2.5 15 mmol-L") ] LB £ 7% 3 i, = I8 i B Ab B
3h, AT IE S 10 5 R RE, AR FEEL 2 pL A
T LBE IR 73 |, 37 °CH B B 97 12 ho

ARG R G0 ¥ 1< 104 R B K F I B (2 pL)
TN A R EFR 12 h G #HAT B giit, 55 IR
HE.

WEREMREE AL VP AN A e B R b
100 380 B, ARSI AR D R TR B D K VNP20009
m DA BE PP A S mL BT EE A YRS TR IR (RIS
S5 1) LB 85 75 i in 5xM63 K 72 5, 4 il F 37,
42845 °C. 110 rmin' ¥ 32 36 h; @ F W, H 25
ToKE RS BB AN, =i T 1% 45 R 3E R
P 5,30 min J5, 75 T IR IR A . H
EETFKGRBRERBBCITLA, GBEET, ® H
Image J A X0 b BRI 48 60 A P R AT e
30T

ZitEo A BudE 45 29 H GraphPad Prism
8.0 4t vt B A K 7R BV ¥ ME + bR #E 1% [mean + SEM
(standard error of mean)], ¥ 2H [F] 22 5 4 70 A H ¢ £ 5%,
P<0.05%&n~HEAREMZER. £ GraphPad Prism
8.0 X H e AT VE o

¢
1 SEEXTVNP20009 % KA S0

W B 1A B, 46 42 °CHF, VNP20009 )4 K 5
37 °CHFAH L&A 2 35 VE 22 s 75 45 °CI, HAEK R
T .

NE— B P AN AR EE R VNP20009 (1 A2 K, 4t
T ORFRE R VNP20009 B V& T2 s (B 1B) -
AT TR A TR A7 (M2 (B 1C. D). fE 42 °CHY,
Y T8 1735 RN 85.6%, MR FE T 45 °CI, 735 % N 0,

JE VP 4 TR 4 B B B A RN B SR A AR
VIR R, A TE 358 o P odh AT 4 1 55 TR, 2 E SR
LTl — B A, G g SR el L R,
W E FTs, Bl TR R T v, 40 B A R T R
B>, 537 CCHM A BEZE R (F 1F).

2 pHEXT VNP20009 4 K HI £
7E 37 °C41E T, % %< pH (E X VNP20009 2E K 1



1608 - 2% %R Acta Pharmaceutica Sinica 2021, 56(6): 1606 -1611

S, A5 RIR (B2A), 78 pH 6.5~8.5 P4, VNP20009 FEAS A pH 26 1 5, VNP20009 (1) 77 3 % 52 3] §%
HAERK B AT I B2 5. {H7E pH 5.0 251F F, VNP20009 Wl 4 pHAE A S I, 4 B 4735 %8 70.7%; pH AE N 6.5
A KB T XA (pH 7.0), & B VNP20009 1) 4E K 57 2| I, 41 B 17775 % 85.6%. 111 pH {EL ¥ K 21 8.5 I, 41 B 17

E{IEHI RSN IR W 25 R, E R VR T AR S (B
A 13T L g B
= a2°C
e 45°C
1.0 s
=
0.5 L
0.0 T T T T 1
0 5 10 15 20 25
Time / h 2 -
C 40+ D 40- E
s 100
30 T 304 T g0
5 201 S 20 B
o o 'g 40
k5|
7 10 & 20 54
sokokok
0 0 ! | L 0
37°C 42°C 37°C  45°C e 4re 45°C 37°C  42°C  45°C

Figure 1 Growth and biofilm formation of VNP20009 at different temperatures. A: Growth curves of VNP20009 at optical density of 600
nm; B: Colony tolerance at different temperatures; C: Survival rate of VNP20009 at 42 °C; D: Survival rate of VNP20009 at 45 °C. n =5,
mean + standard error of mean (SEM). Colony-forming unit (CFU) is a unit used in microbiology to estimate the number of viable bacteria
or fungal cells in a sample; E: Determination of the biofilm formation of VNP20009 at different temperatures by crystal violet (CV) staining
in glass tubes; F: Biofilm was quantified by ImagelJ software. n = 3, mean + SEM. "P < 0.05, P < 0.01, ""P < 0.000 1 vs 37 °C
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Figure 2 Growth and biofilm formation of VNP20009 at pH values. A: Growth curves of VNP20009 at optical density of 600 nm; B: Colony
tolerance at different pH values; C—E: Survival rate of VNP20009 at different pH values. n = 5, mean £ SEM; F: Determination of the
biofilm formation of VNP20009 at different pH values by CV staining in glass tubes; G: Biofilm was quantified by ImageJ software. n = 3,

mean + SEM. "P < 0.05, P < 0.01, ™ P < 0.000 1 vs pH 7.0. ns: Not significant
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Figure 3 Growth and biofilm formation of VNP20009 at different H,O, concentrations. A: Growth curve of VNP20009 at optical density

of 600 nm; B: Colony tolerance at different H,O, concentrations; C: Survival rate of VNP20009 at different H,O, concentrations. n = 5,

mean + SEM; D: Determination of the biofilm formation of VNP20009 at different H,O, concentrations by CV staining in glass tubes; E:

Biofilm was quantified by ImageJ software. n = 3, mean + SEM. "P < 0.05, “P < 0.01

,7"P<0.001, ™ P<0.000 1 vs 0 mmol-L" group
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