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Thrombin-induced platelet microbicidal proteins (tPMP)
are antibacterial proteins released when platelets are
stimulated by thrombin. It has been reported that tPMP has
antibacterial activity against various bacterial species
including causative agents of infective endocarditis. Most of
the oral streptococci have resistance to the killing by tPMP
and this fact may play an important role as a virulence factor
in infective endocarditis. However, the susceptibility and
resistance mechanism of oral streptococci for tPMP have not
been revealed yet. In this study, the killing mechanism of
tPMP for oral streptococci has been investigated. Strepto-
coccus rattus BHT, a susceptible strain, and Streptococcus
gordonii DL1, a resistant strain, have been used in this study.
tPMP was isolated from platelet after stimulation with
thrombin. Cell membrane depolarization was examined with
3,3’-dipropylthiodicarbocyanine iodide (DiSC;), membrane
potential-sensitive cyanine dye, by fluorescence spectrophoto-
metry. The permeabilization of cell membrane by tPMP was
investigated with propidium iodide (PI) by flow cytometry.
tPMP susceptible S. rattus BHT showed the increase of the
DiSC; fluorescence level meaning depolarization of cell
membrane and increase of the uptake of PI which means
permeabilization of cell membrane. However, tPMP resistant
S. gordonii DL1 did not show depolarization and permea-
bilization. These results indicate that the increasing depola-
rization and permeabilization of oral streptococcal cell mem-
brane are associated with the bactericidal activity of tPMP.
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M B
A4 ) (antimicrobial protein)&-& AlFS 24
A7 285 2, QlAl o] ZAellA Fe8t o

<

& Fskn vl (Boman, 1995; Hancock and Scott,
2000; Nicolas and Mor, 1995). @43 (platelet) o]
2]%57] endogenous antimicrobial peptides® 2|t )
o] AT < wherjde] Fojdhe Aow Jdux g
o} (Yeaman, 1997; Yeaman et al., 1998). Thrombin<]
Aol ofsted dAke]  gogranules® F-E] HwEs
(Dankert, 1988; Yeaman e al., 1992) g4 k-
thrombocidins (Zaat et al., 1997) ©-& thrombin-induced
platelet microbicidal proteins (tPMPs) (Yeaman et al.,
1992; Yeaman et al., 1997)2% E8|-$-3L 9low] &
o= thrombin® 2 =% Algke] izl x B
Aol AR t(PMP7E A EIIE (Krijgsveld e al,
2000). Thrombin == Hastow Hel He] AAF
tPMP= ~8.5 kDA A=e] 2 EAFE Aun] gko)L-
olal lysozymedts F&2H, 7l5FHow i Zog o
Bt (Yeaman er al., 1992).

chekgt 5] Aol x=E Haule] 2)sle] Z9lL-
Fole Zlo® deix] 9len] (Czuprynski and Balish,
1981; Kahn and Flinton, 1974; Miragliotta et al., 1988;
Weksler and Nachman, 1971), 53] (PMPE 7}dA) A
Wetede] 8 YelAlvtell 31 Staphylococcus aureus,
Streptococcus sanguis2t Candida albicansol] ©5}e] =]
AREIE AW Qe Zle® MaElr} (Dankert, 1988;
Yeaman ef al., 1992; Yeaman ef al., 1993). tPMP2
At X ARl A-S AU S aureus$F C. albicans
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B S A Foll vigte] o Al H=ef ARt
98 fagloha SEAYS Fled d=iA vt (Dhawan
et al., 1998; Yeaman et al., 1996). °|&} -F-A}5HA|
Dankert 59| 170 &5pd, (PMP7} AlibAl Al
9] vegetationoll 48] 7t Ao} A|AC] Fagk o
g 3o dekar ®¥wsledth (Dankert er al., 1995).

ofe] FRFe Aol A AlEde fdol Al
2 FERul, 74 (oral cavity)e] o] A3E o)A
T e Al 7P 3 AR oA glen] (Knox
and Hunter, 1991; Tunkel, 1992), 53] 77 A4+
2z AdiERie] A 7 F 30-40%elA] 23l
Foa 3= 9t} (Roberts, 1992). tPMP7} 77 <
el 93 A4 Akl Adolw T F=
ZAeZ By (Dankert er al., 1995; Dankert et al., 2001)
st 9lar o]2l’t &3rF tPMPY  streptococciol THEk
grlE 2ol o3t Aoz FA=w glrt. A kA2
7HdA At} (PMPe] 3HAlo] gt A 2 S
aureuss SAIOZ o]Foix o] Alfol wgH tPMP2] 8
oldE 7| g8 gkl gloat, kil Al
Aol A F 7P 22 vEE AAEe 7 AT
o] 9= o L o7} wlgslt.

£ odtollxe (PMPR] rlsTatel 'k A4S
71A-S ¢s]7] fsted Al AlZke] depolarization
permeabilization®} tPMPell &3k Alfe] HARRe] ALS
BAS APt

WE Wy

A3 o o

tPMP] ARt Aol o828t Bacillus subtilis ATCC
6633 <= American Type Culture Collection (ATCC,
Manassas, VA, USApIA 313t Adof] ALgsk +
74 Qe (PMPell ZHRAE AU Streprococcus
rattus BHT2F WA ®ol= Streptococcus gordonii
DL1 (Lee et al., 2001ys AR&slich 77 A<
wjok2- Todd-Hewitt broth (THB) (Difco, Detroit, MI,
USAYE AF83ke] 37°Cellx CO7F F7F (5%)e Aol
A vkl e B, subtilise brain heart infusion (BHI)
broth (Difco)2 37°ColA] slekatdet. Aol 4= 660
nmell4] EBHEE- spectrophotometer® =7 3slod Al
LEEe] FFHAE ol8sted Asksint

tPMP2] ¥

EEH]o 7 x5 (PMPE Yeaman % (Yeaman et al.,
1992; Yeaman ef al., 1997)%] whoz Fuldlgic). <k
%3 citrate 53 kAl (0.11 M sodium citrate - 2H,0
2} 0.002M citric acid - H,O, pH 5.57}F & A& A

2]¥ f2]HE (Vacutainer Systems, Becton Dickinson
and Company, Franklin Lakes, NJ, USA)pl %725
ol g xF3 F (Fer oAl Hele wlE, 1:10),
20°ColA LAl Hjske] (150% g, 15%) Fral Aol 2
Z-3to] FR3L Zuhzn) (platelet rich plasma, PRP) &
elg- dglrh. o] PRP ¥3¢ 9% 235 ohE FHel
Agk 5 94 E2lsted (2,000 X g, 10%-) S AslE
Ay, #43-S Tyrode £ (pH 6.8)(Sigma Chemical
Co., St. Louis, MO, USA)>& 23] AJ=3g § A
#4318 37°CE vlg] 7% Eagle's Minimal Essential
Medium (MEM, pH 7.4) (Gibco BRL, Gaithersburg,
MD, USA)e.® #eslgla, Hausser &1 SH7E =&
Abgetel 107 aabmlz =A siet. dast sl
1 ml = 1U2 bovine thrombin (Sigma Chemical Co.)
(12.5ul] 02M CaCl, 23N & 37°CollA 30%7F A
Foto] (PMPr} Gagko 2 e FulsAl s, A
2] (3,000 X g, 15%)3ke] (PMP7} $4at A5ode <
o} ol (PMPE AEE AzlE f2] Frel il
0°C ol s Aol AHESIget.

Ho 32 6

tPMPS] AFFA9 A4 9 2T 3

EEZdlog §=3 (PMPY AHF#4-2 Donaldson¥
Tew (Donaldson and Tew, 1977)%] uwhjem ZAs o
o}, tPMP2] AEA e ZA-L (PMPY] ATl =l
743}k indicator A2l B. subtilis ATCC 663322 A|3)
3}, (PMP7}F £ microtiter 4] (low protein binding
plate, 96 well) (Coming Costar, Cambridge, MA. USA)
ol B. subtiliss AFaste] AFe] F=E 10'CFUM,
tPMPS] A= 1:1 (34 )plA 1:1,024 &F &
25 =200 w7 3Igict. g dole MEMe] &= B,
subtilisih 2o} ok AR 7R ARkel. Microtiter
HAE 37°Colxl 1417 wiokel -, 7 ollx] 20 ul A4
A5k 0.01%2] sodium polyanetholsulfonate (SPS,
tPMPol] 2J3F Al 2H-g-o] AsAlyE 3t PBS (PBS-
SPS)E 3)Asled BHI A wizlell A, Wik (37°Cell
A 1827k | CFUS AR Eksich. tPMPR] AJ=24
o B subtiliso] A5kl 95% olde] RS FAE=
A =0 tPMP 349 9 (Uml)EA] AeJski, tPMP
Eolghyge 0|3t PMPY F bl e SAT

U/mg &2 A3}

Jor o Lo

TF7 A4 Tl A7 PMPY AFA

woks] AlS 4£Aste] PBSE T ¥ A& & 660 nm
oMo T3 2Asta vz FvjE FF A AT

G FAEYe olg3l] AlEgE A ssirk HF A
7+ %7} 10°CFU/Mml SA tPMP FHF F= 200U/

EolgA 500 Umgy’t & MEM o]t tPMP7} SF=
MEM (15epl i 147 sl § 20 g A3
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slod PBS-SPSE 8|45l 7ol wlehils Ae|Aled4
E FUHeR o 347 5 BHI ot wixlof] A, W)
¥ttt COF S7F (5% A= 37°CollA] 327t
wWoF & CFUE Alo] 7]E7ol wigh AdTo %z
PMP| 77} Aol tlgk A4S 2halslodn} (Lee
et al., 2001).

tPMPo]| ] & A Z 1} depolarization

Membrane potential-sensitive cyanine dyedl 3,3-
dipropylthiodicarbocyanine iodide (DiSC,, Molecular
Probes, Eugene, OR, USA)®} fluorescence spectrophoto-
meters ©]-§-3ld AlZ79] depolarizationS FAFEGch
(Friedrich et al., 2000; Zhang et al., 2000). Log phase
o] A= 5 mM HEPES-20 mM glucose buffer (pH 7.2)
2 AAska dEFsled 0D, ~0.05% =He9ich, o) Al
detallo] KCl EFHF5x= 100mM)? DISC, (&5 %
04 uMye A7tela " wlzkAl 7ol 3 ©F 5-10
) 1Tmle] Al dEtelS cuvetteoll Y UAzke] (PMP
+ Hd F (tPMP 21555 40 U/ml) fluorescence spectro-
photometer (excitation wavelength 622 nm, emission
wavelength 670 nm) (F4500, HITACHI, Tokyo Japan)
2 fluorescences 431t

DiSCy= AsFE w+ lipophilic dye®a] A Alxut
of 7lejgw], utek Aol AlZwmto] depolarizations]s
Al Alxrto 2 yptakesle] 9l DISCy7 AlZut vko
2 release=]w, Alitoll 2J3} quenching 2Hgo] g¢loix|A|
o] DiSC:2l fluorescence levelo] Z7}51A] =t} A%
2] deporalization® U.2.7)= valinomycinoll =%24]7]
At AHETeR o|gslgion, (PMPol kZH%|
B Ate ST R o] gt Aldel ARg-at
F3=42] stock solution dimethyl sulfoxide (DMSO,
Sigma Chemical Co.)® 1 mM=|A] =of4] AR5}t
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tPMPol] &3t Al 9 permeabilization

tPMP2] F7teds - AlZate]l i3t permeabilization
o] Zale] FACScan (Becton Dickinson, San Jose,
CA, USA)s A3k flow cytometry ¥H-2- o]-8-3}9l
(Yeaman et al., 1998). Log phase®] A& PBS&E A
Akl KCI-MEMS2 #ested OD,,=0.2% 2H39ict.
(PMPE #716l#] & i, (PMPE 2 55 A7kl
(tPMP #3=5= 80 U/ml), PMPE w& 5% Avlg +
(tPMP #3540 U/ml), ethanold #718k + FH3E%
= 50%)0F o] 37°Cellx AL wilek & KCI-MEM
2 AAska ohA) KCI-MEMS 2 #Ebsict. Propidium
iodide (PI, Molecular Probesys- #7}ste] (% PI &
T 20uM) 37°CeollA 3087F vioksky A& 24 upE
Aol Algte] <4l 2 SHF AAsE] fsted 3%7E
sonicationd}Att. Al 52 &2 488 nmollA] exciteA] 7]
3L fluorescence emission® 620 nm ©]4} pass filters
ol gstol Alsklo. 2 Al8e] A% Slstked 100,000
Mol Aol e Akt

PIz Al Alte] Aletells Fol7kx] ot 2
nm °|4 271 g Ave AlZeele o4

o] double-stranded nucleic acid?} Z3Fsled 620 nm
sollAl 7¥et 35 Wivtk. PI fluorescence 377k
7 Al AlZEol| permeability?} AA-S-5 A48
chil A=} (Yeaman ef al., 1998). Bthanole] =3
A TTE HET R, (PMPol| =EEA] ¢
= AlE SAMERToE o] dslsint.

o]
DA

o]

=
[S]

=z
Lo

=}
=

[N

ol

I

tPMPol] 748 HolE S rattus BHTE (PMPE A
x}] 3

gl 2t depolarizationell  £Jdte]  DiSC,2l
fluorescence levele] S7}gho] A=t (Fig. 1A). L

B. 8. gordonii DL1

150.0
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Fig. 1. Detection of bacterial cell membrane depolarization with fluorescence spectrophotometer. Log phase bacterial cells were incubated
with 100 mM KCl and 0.4 uM DiSC; until stabilized. tPMP was added to cuvette containing DiSC, labeled bacteria and fluorescence was
measured with fluorescence spectrophotometer. The data are a representative of three separate experiments for each strain.
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Fig. 2. Fluorescence profiles of S. ratrus BHT and S. gordonii DL cytoplasmic membtane permeabilization due to tPMP. Profile distribution
represents a total of 100,000 individual PI fluorescence events. The data are a representative of two separate experiments for each strain.

Hut (PMPo| WA-S- ol S gordonii DL1 #5E
tPMP=E A 2|slod = AJ3EZuke] deporalizatione] =]
efotel (Fig. 1B). Fig. 2+ FACScan® & 918 A<
PI fluorescence profiles Mo =t} tPMPoll 2]k Al
Aol ZAE Hole S rattus BHT #5+5 tPMP A
2] (PMP AHzlel#] 9 Alifol v]8ked PI fluorescence
7} F7k=lo] WAEdeh (Fig. 2A). PI fluorescence &
E tPMP2] o] &fsfod oJ3kE WX 9kt tPMP
off WA #5al S. gordonii DLI-S tPMP 2|2 PI
fluorescence =7} (PMP A 2|3FA] o5 Aol u]sked]
A Hsbb gioleh (Fig. 2B). ZH2he) A Ao 3
3t PI fluorescence® v|msle] B (Table 1), tPMPE
Aelgk 739 S rartus BHTS] PI fluorescence =7)-&
(71%)°] S. gordonii DLI1] 73% (26%)wct =LA 23
Eoleh, Aol AR (PMP2] T2 80 UmbliAl:= S,
rattus BHTel| t3l Al zAbgo] 2k 80-90%%.2+, 40
U/mklAE 60-70%9] A|A-8-5 29} (Data not shown).

Antimicrobial peptideo] =g+ 28 S-AAlFe] A} 7|
& gro] olslo] kot (Barker et al., 2000; Groisman

Table 1. PI uptake (permeabilization) of S. rattus BHT and S. gor-
donii DL1 due to tPMP

S. rattus BHT S. gordonii DL1

% (PT) % (PD)

no tPMP 100 (424005) 100 (103 +1.0)
PMP (40 U/ml) 171 (72+0.7) 126  (13.0£0.9)
tPMP (80 U/ml) 171  (72£0.7) 125  (12.9%04)
Ethanol 545 (229+153) 310 (32.0£0.8)

*Mean * SD of two separate experiments.

et al., 1992; Gunn et al., 2000; Gunn and Miller, 1996;
Lysenko et al., 2000; McCoy ef al., 2001; Stumpe et
al., 1998) 71§ FGAES] o5 peptidec] e A4} 7]
A2 ob# A oA Al ek (PMPol| 2|8t S aureus
o] Aol A Al AlZEfe] 8. targetd] Ao® F4
=3 JARF (Koo et al., 1997; Koo et al., 1999) °}
2 Aekgr 2R A2 oA Al o

Yeaman 5¢] <A-tol &5k S awreus®] 739~ (PMP
of el o= Folekw Foll wel (PMPoll 2] A
Zu+2] deporalization®} permeabilization Fite] ThEA
vebdeka 2 sk vt (Yeaman et al., 1998). < o]
W F2 (PMPoll 9jdfe] Al¥EHe]  deporalizations
permeabilizationo] -FAlol] Lojufx|ul = thE FollA=
deporalization =] 2] 251 permeabilizationsh %
Hebsn oA gl &2 Aol ofshd FeldE
peptideo]l 23} Al£2ke] permeabilization THeksk 4|2
W HsHEE FrEer zHsle Aeg Hasa gle
w olefgk FrpEel Alxd wslERe Al el
£A 0 AlE=Re] deporalization, DNA, RNA, =b3 gt
Aol oA 55 FPgar dHA Yk (Koo et al,
2001). et o} kA Al A|lZ=Fe] permeabilization
ko @ Aol Aat 7keeiAl S vhE Fglelxle o
& AHgo] ko] Eofof sz Al EEAsH}. =3 S
gordonii DL1oIA] tPMPel] 2]3} 22| permeabilization
ol depolarization @4ke] S. rattus BHT] 75l s}
of A vehdz oz A dEA Al aAIuk Aol
A AlZe] chdRe] Ael7) o]F tihel ofgk At
Alzato] oigh ¥ F2go Apo]7} AV vehde 4t
o] opdr} FA ¥},

ofe] o FAAEo] PMP A&o F83 ¥A shi
< uAEe AxEele ARXEle o]elw Al Az
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ohE 2He] TAT AleAE PSS Hoel Fu glon}
obx Akl 2&r1HEe m2s Adjolot tPMPol| o5t
ARt AAZ Aol QlolM mlgEe] Alzet oloje] AlF
Az ohE -0l EAE AR e AXEE
L 9lek (PMP7) S aureusel]
A FrEsks AlEetel] tigl &l 1 Qlo] dojdo)
SAolAlul Alxe] AAls o] ut EUM A A 1-24]
7k Holl dojude}l (Yeaman er al., 1998). ¢]z]at AR
2 oful AlZule] A o] (PMPEA AMbE w|E XA}
Aol HA"e AAjgrta & 4 gl
2 drbe] A Ade] 98k (Lee er al., 2001) ©
LR o] 7k ow}%ﬁ% tPMPO] xﬂ% ;‘Moﬂ thstod
i glom,

A
xé xhﬂq}og .Oﬂo],q]

A= U
iAol g e

f. = Toﬂ
Al 2 sk e fdole] " 4 9 Aolo) Al
o] AU (PMPe] A|AAEo] tigh iAol zhed Al et
Qe gl Aeel glofa] Fesk Al % (virulence

factor)°2 22 4 9 JleAS AXE Foha &
T AUrt B OL%OJWL %ﬂOUPHM tPMPo] 28} A
1
p

']/‘}9} AE oddo] 9le-S wolrh
7(}0&;4]:[5_ 1 Aofa] Al AlE2ke] permeabilization}
Al = "/1rE Zhgo] tPMPol| eJgh Ao A Alo] o]
WA thq]; 7|48l #19F AlERR] permeabilization
oAl Az YA} oful elule] glE
A Eofop & Flog AgPrher

 ATE BARAE B R)EAT A e 2K
ofsfe] o] Fo] z 29 (02-PJ1-PG3-20501-0008).
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