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Abstract: Salmonella enterica serovar Enteritidis (SE) is one of the most important zoonotic pathogens that cause enteritis
and systemic infection in animals and human. Understanding invasive capacities of SE isolates is of vital importance to
elucidate pathogenesis of Salmonella infection. To improve the throughput capacity and repeatability of classical gentamicin
protection assay (GPA), a modified PGA was developed by taking high-throughput advantage of 96-well cell plates and
multichannel pipettes. In addition, drop plate technique rather than spread plate method was applied in the modified GPA
protocol for bacterial enumeration. The modified GPA protocol was evaluated by phenotyping intracellular replication of a
high virulent and a low virulent SE isolates, JL228 and LN248, in a phagocytic cell line RAW264.7. The protocol was then
applied in invasive phenotype determination of 16 SE strains to non-phagocytes (HT-29) and the intracellular replication of 43
SE strains to phagocytes (RAW264.7). Significant lower intra-group and inter-group coefficient of variations of the modified
GPA was observed, implying good repeatability and reproducibility over traditional protocol. Further, replication phenotypes
were also correlated with those from direct observation by confocal microscopy. Collectively, the improved GPA protocol had
advantages of high throughput capacity, good repeatability and reliability, it was also noticed that the protocol also represented
a fast and labor-saving alternative scheme for the invasive phenotype determination of Salmonella Enteritidis, and providing
reliable phenotype profiles for Salmonella-host interplay interpretation.
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Fig. 1

Invasive capacities of JL228 and LN248 to RAW?264.7 cell measured by traditional and modified GPA protocols.

Significances of differences between groups were statistically compared and indicated with P values by unpaired

Student’s t-test. *: P<0.05, **: P<0.01, ***: P<0.001.
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x1 HHEE5BRE GAP A% JL228 5 LN248 B RAW264.7 AR ERENTZ A
Table 1 Coefficient of variations of recovery rate data from the JL228 and LN248 infected RAW264.7 cells using

traditional and modified GPA protocols

Association Invasion Replication
Protocol Isolate
Intra-group Inter-group Intra-group Inter-group Intra-group Inter-group
Traditional  JL228 34.75 39.93 23.16 37.28 20.90 44.57
LN248 24.95 43.21 43.55 38.40 29.41 30.38
Modified  JL228 1.23 22.23 7.35 21.92 10.37 14.58
LN248 8.50 18.00 24.18 19.90 19.07 19.84
[ Traditional EModified LN248 E. coli 25922
_ 507 — — _—
2 40} T
£ T Drop plate
Z 30
=]
£ 201 T =
%;, 104
© Confocal
Intra-group Inter-group

2 RFES5UR GAP FiE#N JL228 5 LN248 &
% RAW264.7 MR ERE T SRR

Fig. 2 Comparison of coefficient of variation from
invasive data by traditional and modified GPA protocols.
Significances of differences between groups were
statistically compared and indicated with P values.
*: P<0.05, **: P<0.01, ***: P<0.001.
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IR AL H AR N R RE Sy o 452 RanIEl 3
FFs, 29541401, JL228(GFPuv) Ji& Yk 21 Jif
RAW264.7 Ji5 241 i 21 52 i 40 il 5029 oy 150, 95%
E{FIX[A] (Confidence interval, CI) & 145-161,
LN248(GFPuv) 24y i) 41 i 41 &2 il 40 i g5k 2,
95% Cl & 0-4, BHEAKT JL228(GFPuv) /&L
(AN E o 1225 R 5 R GPA Jr i kil ity 45
P30, PIRAP R GPA J5 4 v vl 5
23 MR/ GPA AR

N R GPA IR Jr R T 43 Bk SE 43 5
BRRXT RAW 264.7 21 i i) A= FlL PN 52 1 2R 28
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B 3 JL228 5 LN248 E& RAW264.7 A & i R 2
B GPA BRGEREXLBEER AR

Fig. 3 Intracellular replication phenotypes of JL228
and LN248 in RAW264.7 cell observed by modified GPA
on drop plate and confocal laser scanning microscopy
(40x). Scale bar=20 um.
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Fig. 4 Phenotyping of SE invasion and intracellular replication capabilities. K-mean cluster analysis of invasion and
intracellular replication rate of 43 SE isolates in RAW264.7 and invasion rate of 16 isolates in HT-29 cell identified high,

medium and low phenotypes of these SE isolates.
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