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Silver (Ag) has been widely used in commercial products and medical fields since ancient times because of its
antibacterial effect. It is harmless and non-toxic to the human body. For this reason, recent research has actively evaluated
antimicrobial activity using silver (Ag). In this study, we investigated the inhibitory effect of a silver-based compound,
silver phosphate (Ag;PO,) on the growth of Staphylococcus aureus and the activation of human immunity. First, the
inhibitory effect of Ag;PO, on the growth of Staphylococcus aureus was confirmed by a growth curve and a colony-
ounting method. As a result, the growth inhibitory effect increased as the concentration of Ag;PO, increased. Specifically,
treatment with 5 pg/mL of Ag;PO, resulted in no bacteria growth, and the colony-counting method showed a remarkable
inhibition. In addition, the expression of cytokine IL-8 by Ag;PO, was examined to investigate the cellular immune system
activation by Ag;PO,. After pretreatment of Staphylococcus aureus for 1 hour with 50 pg/mL Ag;PO,, an increased
IL-8 mRNA expression resulted. In cells treated with Ag;PO,, we found that the expression of IL-8 was enhanced in a
time-dependent fashion compared to non-treated cells. These results indicate that Ag;PO, induces antimicrobial activity
against Staphylococcus aureus and activates human immunity. These results are expected to contribute to the future

study of the mechanism of silver (Ag) and silver-based compounds in relation to antibacterial activity.
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Hool ol AREE Aok AgPO, (Sigma-Aldrich, USA)
ojt}, Ao AREH wAE-L Staphylococcus aureus
ATCC 653824 &AL AIE o A E4Fato} ARG5S T
H Gl A= Tryptic soy broth (TSB)E AF&-3}3ith A&t
A E= B2 EFH S AEFQ] H1299 (Korean Cell Line
Bank, Korea)®]t}. vl =]:= DMEM (Hyclone, UK)®l
10% Fetal Bovine Serum (FBS) (Hyclone)E X715} A&
AT w377, 5% CO, AFFHIeIEl oA Za)sioitt.
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aureuss IOHHT AL 34 10710014 10%744] 8]A45ke] 7}
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H1299 AlEE six-well plates containing ~10° cells/well
HEE Ak 16A13F £ Staphylococcus aureuss 14]3F
Mxg] 5 50 pg/mLo] AgPO,E 24, 484171 E<k A2k
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bacteria® 3] A A THKim et al., 1998; Eckmann et
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A1A single strand=. 2] 8+ 2 spectrophotometer (Biophoto-
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sty

Al HF2(Reverse transcription): Z+z2re] thxot3
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> 19
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AA|1ZH HZF PCR (Real time guantitative polymerase
chain reaction): cDNA$} IL-8 -3 A}2] primers (Forward
5-TGCCAAGGAGTGCTAAAG-3', Reverse 5-CTTCTCCA-
CAACCCTCTG-3)& tJA}213F Light Cycler probes (Sigma-
Aldrich) 12|31 Light Cycler reaction protocol®ll W} RH=
Ao vi= Z47be] whg EFNE wbedl], A
A WA 20 pLA A e, 95T 132(13]), 95T 10%
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ditionol| 4] Light Cycler (Roche, Germany)E ©]-8-3}o] 4]
7+ A% PCR (RT-PCR)S 8 AIZL]. Beta-actin 44
7|5 BAIAE o883t
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2 I
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AgsPON &8t Staphylococcus aureus®] 37 A &3}
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Fig. 1. Inhibition of Staphylococcus aureus growth by Ag;PO,.
Ovemight-grown bacteria were diluted and aliquoted into new tubes
with A600nm=0.06. They were further grown with or without the
indicated amounts of Ag;PO,. Bacterial growth was then analyzed
at the indicated time points by measuring values of A600nm (A) or
by counting bacterial colonies (B). Data represent mean £ SD from
three biological replications.

1998; Elewaut et al., 1999; O'Neill et al., 2013). Ag;PO,°l 2]
S} Staphylococcus aureus®] 73°¢ A &35 1=
tl(Fig. 1), ol21§ Ayl W28 dAstet v =
7Fe/del Ak

ZXJE]L—_ o qu]_ =

o]5 olr a1zl NF-«kBell of&l] o]
g2l ALl EFFR1 2l interleukin-8
(IL-8)°] AAF AgPOell o8l @aFa WA AKSH3
t}. Staphylococcus aureusE 1A17F A8l & 50 pg/mLo]
AgPOS AP’ F IL-89] EdS AFG 913 RT-
PCR Z3+&= &3 ZtH(Table 1). Staphylococcus aureus
2] F 50 pgmLe] AgPO,S Aels] A& ) IL-89]
mRNA glo] F7hE= S <18k thFig. 2). IL-89]
mRNA U382 AgPO,E A3 Ate] soldss S7t
SIS 3, AgPOE A P84 & thEae IL-89)
mRNA 2&lo] F7}shA] ettt

Table 1. RT-PCR data

Ag3PO4 _ _ . .
treatment time (h) IL-8 Beta-actin =~ ACr Ratio
0h (no) 30.72 24.74 598 0.015843
24 h (no) 30.58 24.63 595 0.016176
48 h (no) 30.5 24.57 593  0.016402
Oh 30.44 24.59 5.85 0.017337
24 h 30.26 25.01 525  0.026278
48 h 30.51 2647 4.04 0.060791
0.08 -
*
<« 0.06 4
=
14
£
c
3 0.04
o
a *
@
= 0.02 -
0 .
0 24 48 0 24 48 (h)
-Ag,PO, +Ag,PO,

Fig. 2. Induction of human immune responses by Ag;PO,.
AgsPO, induces the expression of IL-8. H1299 cells were treated
with or without 50 pg/mL Ag;PO, for the indicated time. RNA
extracts were then subject to real time RT-PCR analysis with a
LightCycler® Nano System (Roche). Primers used were; 5~TGCC-
AAGGAGTGCTAAAG-3' and 5-CTTCTCCACAACCCTCTG
for IL-8, and 5'-GTTGCTATCCAGGCTGTG and 5-TGATCT-
TGATCTTCATTGTG for B-actin. Relative transcript amounts of
IL-8 were normalized against B-actin. Bar, mean & SD from three
biological replications. *, P<0.05 in comparison to non-treated cells.
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