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Upregulaton of Bradykinin Receptor Mediated by Nucleoside
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Immune defense responses against Pseudomonas aeruginosa infection play an important role in maintaining
homeostasis in the human body. Previously, we reported that expression of the bradykinin receptor (BR) is induced
in response to P. aeruginosa infection. However, the factors responsible for the induction was uncertain. Here, we
found that the type III secretion system (T3SS) is responsible for the induction of BR expression, and nucleoside
diphosphate kinase (Ndk), as a novel T3SS effector, mediates the upregulation. The Ndk-mediated expression of BR
was not induced by fliC mutant treatment, indicating the involvement of flagellin, one of the well-known
pathogen-associated molecular patterns (PAMPs). Taken together, this study demonstrated that Ndk cooperates with
flagella in the development of defense responses against P aeruginosa infection.
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52 713 AY HEH IFEA, ST 55 &l
Al RARE] BarE|glom, o]o B35t WA A vh-g-of tigt
22 A7t AP Saot2 ohdet Alet1ARe] EHjof
Tojsts EHAIAZE & IR ), o] oA 5949
AE0 2 vis72E FA5lY 5 UHEE Exoenzyme S, T, Y
o e T g AE FYU3H= type I secretion system (T3SS)=>
59 HYgol 58t 2k Ao IR Arh(Engel
and Balachandran, 2009; Galle et al., 2012). T3t &=s42]
lipopolysaccharide (LPS)4 flagellas= 2+ 227 pathogen-associated
molecular pattern (PAMP) 2.2 4] F34H-S- gdhof] Tojsl= A
© 2 A=A Itk Kronborg, 1995, Kumar, et al., 2007).

7-Transmembrane domain< 7}X]+= G protein-coupled receptor
family©]] 43}+= Bradykinin Receptor (BR)+&= 97§9] ofu]i=Ab
(Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Arg) ©. 2 1A% bradykinin
o] Ao zakg-0 2 PEUkS-S A o ZIck(Hall, 1992). Bradykinin
1 Receptor (BIR): LPS, ThoFst Ao E7}el(IL-1B, TNE-q,
IL-6) 5ol o8l FAo] EX == A2 g=A it BIRZ

/
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2 34 5 U B-o] 9lem, BIR-ZZIE ¥3of &3
CXCL5%} 28 Alrrelo] ¥reg 8- =39 neutrophilS 73
HolgZ HSAZ 4 dth(Duchene et al., 2007). Bradykinin 2
Receptor (B2R)&= o 2| 2o Y] Rt glon, g3l
H 8% FHS Tl E5NE v AR UEA SlrhHall,
1997). BIR9] Z|7t=+= B2R &4Jof T 23l BK7} angiotensin
converting enzyme (ACE)°] 2J3]| des-ArggBKi TAFE]H A
Ag=lo] BIRT E3AE FAToRA &4 Z2A =+, &
E FLlolM AF5ESo] B & dolg = JYTF Fhrh A 2
Aol BlAH ot o] HE Al, BRO Wdo] fEHo] &
A o, & ATEL 55w Y S E BRY W0 71
< Bustgovt B AlQAke] diaie g=% vt gtk
(Bengtson et al., 2006; Kaman et al., 2009; Shin and Ha, 2011a,
2011b).

Nucleoside diphosphate kinase (Ndk)&= ATPE ARg3}o]
UDPE UTPZE %1317 DNASL RNAE FAst=t AHSE &=
NS A TS s, tiREe] o4 A BET] gl
o]t ShA|% Ndke] ol ui2e ehef2jo} f2 Nak7h
S0 BETFLTH 479 Ao JTFL FAL} HARSE
zAFoRA weZjole] AEEE Fol|E ke Ao U
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A QItHKolli ez al., 2008). & A4, Hsgtof 23 BR
W =7} Ndk7} Zod s, o]8]dk 3l Q PAMPE &
X flagella7} o474 Y23 sk
M= 3 g
A2 HiX| L S
£ Aol A AME3 =52 PAK wild-type 7572} fliC &
o] 7+5+(Ha and Jin, 2001)0]™, YR EAHO] o5+= pscF,
exoSTY, A7 U A8 EHHo| Fo|th(Neeld et al., 2014). LB
Hl X](yeast extract, 0.5%; tryptone, 1%; and NaCl, 1%; all w/v)
£ AR5 37C of| A vljesl e m, flagellin InvivoGen SA}
23 TYstgtt

SEMIEZHYF
A549 (human alveolar epithelial) A5 10% 9] fetal bovine
serum (FBS, HyClone, USA)¥} 1% penicillin/streptomycin®]

27} = RPMI-1640 B X|(HyClone)ol| 4] 37°C, 5% CO, 27202
HiRE &, A5 -S Al A Skl PBSE washingd}$irt. ©] 3 RPMI-

16402 M= 715t 3AE S vl &, S5d= 44T
et A st AT

EflAD|=L} FETE

2 Aol ARG EtAu| = ZEA| 2 A o) WS 23]
pcDNA 3.1(+) HEE o]-835}o A ZE pDNNDKE AMS-3HSR
O m™(Neeld et al., 2014), FARATL 3t ZTAU|E FH]|9
Endofree Plasmid Maxi Kit (Qiagen, USA)E A3t 4]

% Z2}An| == pipette-type microporator (NeonTM transfection
system, Invitrogen, USA)E o] &35l A7|HEZHE 53 5
o] Agstgnt ZekAn|=r ARIE 2524 RPMI- 1640011 10%
=2 FBS% Z7¥ek vl R)of] 37°C ol Al 48 A17F Bt v st

g—PCR Analysis
A RNAE TRIzol® Reagent® AMg3te] Hajstglon,

ReverTra Ace gPCR RT kit (Toyobo, Japan) A2 2 cDNA
£ §H3513t) SYBR Green PCR Master Mix (KAPA Biosystems,
USA)YZ AR§310] q-PCRE Al ahglon, 24 A] ARGgt =
oHE th33} At} (hBIR) 5'-CAACTGAACGTGGCAGAA
ATCTAC-3'%} 5'-CAAGCCCAAGACAAACACCAG-3', hB2R
5-GGGCACACTGCGGACCT-3'?} 5-GCGTTTGCTCACTG
TCTGCTC-3'. ¢-PCR2 CFX96 Real-Time PCR System (Bio-Rad,
USA)S ARg-8tod AJRYSIRAaL, 14| S0CollA] 24, o]$95C o
A 108, 28 A= 95 CoflA 15% o]F 60T oA 1&22 A5t
, 29A1E 403] HHESIATH mRNA 9| =2 hGAPDH
(5'-CCCTCCAAAATCAAGTGG-3'¢} 5-CCATCCACAGTC
TTCTGG-3)E ©|-§-3te] CTZHS ], #Z35to] A48Tt

Statistics

RE AP 4 309 HhEof o5 ¥ ZAitE A, mean +
standard deviation (SD)2.2 FEA|FEct EAAHZS s)
Student 7 testE AREFIGOH, P < 0.05% EA47 S48 1}t
ERE Aoz Ht

Am gy g

H5Re vk FRE o188l 47 Yy BYRL
S8 AFYSHE TISSE o] g3te] 472) WA FFL v

Zth(Engel and Balachandran, 2009; Galle et al., 2012). &5-5+
9] T3SSo|A] HEE T2 E TA5ke 8 —TL?tE*‘ﬁvi‘z‘ F shel
PscF7} 295 pscF mt= 55 4G A], 32 AZEAS Hol
= AoZ 4B A Qch(Pastor et al., 2005). ©]2 3t pscF mtE
A549°ﬂ APgt A3, tj=of| ¥l BRO] T o] st A

< & & SIStHFig. 1A). ol S5+ 449 Al +55+= BRY
g o] T3SS7} WodhE &jujgitt. ofof wha} T3SSof ofs) A
gE= gAa4AZ2 BH1E ExoSTY 2y #F¢ STY mtE
A5499] Hzjgt A1}, oH3] =2 BRY WES RISttt
(Fig. 1B). ©|& Ko} 7]&of &2 A 9l ExoSTY7} ofd o
Al 1A} G v A Ao = Bt

w
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Fig. 1. The expressions of BRs are not mediated by T3SS system. (A) A549 cells were treated for 4 h with either PAK wild-type (WT) or
isogenic pscF-deficient mutant (pscF mt) strains at an MOI of 5 or 10. (B) A549 cells were treated for 4 h with either PAK wt or isogenic
exoSTY-deficient mutant (STY mt) strains at an MOI of 10. Data in (A, B) are expressed as mean + SD (n = 3). *, P < 0.05 vs. group treated

with mt (A) or control (B). moi, multiplicity of infection.
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Fig. 2. The expressions of BRs are mediated by Ndk. (A) A549 cells were treated for 4 h with either PAK-derived A7 or isogenic ndk-deficient
mutant (A 8) strains at an MOI of 5 or 10. (B) A549 cells were transfected with pPDNNDK at either 1 or 1.5 pg. Data in (A, B) are expressed as
mean = SD (n = 3). *, P <0.05 vs. group treated with A 8. moi, multiplicity of infection.

S5 Ndki= TISSE 53 9F=2 Eu|=n, Fujd
Ndk= NlZ254e fdste Ao=2 d3A ch(Kamath et al.,
2000). 3FAIFF J+ IR E =l o5k Ndk7} T3SSe] &Jsf
&3 YRR ALEHE o2 BuEQIti(Neeld et al., 2014).
olo] we} =5+t4] Ndk7} BRE| &@of |3 = v]A|&= &35
2AF3H7] $18), NdkE AJAFSHS 537 A72) Ndiot A5hE =
5 A8 A5499] X sto] BRO| WAE ZAMG AT A7E
A8l %= 790l BRY| & o] F71ek2 & 4= AT, di=t
9 A8% HERAL Aol BRO) LAZTIE 2 5 et
(Fig. 2A). =%79] NdkutO. 2% BREH0| Z7}51=%] ZA}H
3}7] 93] pDNNDKE A5499] transfection A]7] 3, BR2] gt
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c=Z2 c2 d
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Sz oz
zm 1 Zm
s 8
o 4
0 0
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2 * 3 ks
“ w“
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> >
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Fig. 3. The expressions of BRs require flagellin. (A) A549 cells
transfected with pDNNDK were treated for 4h with either
PAK-derived Heat-killed A8 (HkA8) or Heat-killed f7iC-deficient
mutant (Hk fliC mt) strains at an MOI 20 or 50. (B) A549 cells
transfected with pDNNDK were treated for 4 h with flagellin at
either 50 or 100 ng. Data in (A, B) are expressed as mean + SD (n =
3). *, P<0.05 vs. group treated with Hk A8 (A) or group transfected
with vector only (B). moi, multiplicity of infection.

@2 TS BgEAT Ndkgho 22 BRe| Wlo] Z78t4] ¢
22 B3} Th(Fig. 2B). 0| Ho} =] Ndko| ©Jg BR
o] WS =L Ndk7h #eds7]= 84|k, Ndkyhe 2= 85}
A ko, o2 Hol ol M feE THE AUt Ba

H5w9] utolls 559 HRhEf o) #ojsk= PAMP
So] EA5tH, o] Foll= flagellaz} = o] Ith(Kumar ez al,
2007; Raoust et al., 2009). FlagellaZ} BR && o u|X|&= a3-=
ZAFsL7| Y5k B (65T, 1082 AFHAZ] =5+ A8+
2} flagella §H4do] AE 5+ fliC mutant (mt) #55
pDNNDK©] transfection® A5499] 2|5ttt 1 A3}, A8
APEaE A3t 79, BRO W#o] F7kshe RS et
URA G, fliC mt APE-E X 2)3t ¢, BRY| I o] 571517
e A= & 7 UMTHFig. 3A). o|2T 2HE &lsty] st
o FAH flagelling pDNNDK7} transfection® A549¢] #|&]
sto] 2K A3, flagellin®] X 2]H A|3zo A BRE| Wdo] 5
7VeE B 4 Y SithFig. 3B). o= BRY TAR Lo =59
Ndk$} flagella7} 25 HofghE ofu|gict.

S5t A4E Al, BRY 2] fEHrhe AP AT Hil(Shin
and Ha, 2011a, 2011b)9]| o]o, & A toAj= BR L& of o
St =5 A AR Ndk Y& 7E38HR o1, 53] Ndkof| &
3 BR 2§ o flagellaz} 37 2 §-5olok & A5t

HQe

WYX F52 S5 (Pseudomonas aeruginosa) 7rgol of
Safo] et ML Qo] Y S0 Fasid.
A3 AtolM sete] AAol di-s-3te] bradykinin receptor
(BR)| Mol Z7FEE B USIA, HAfE] Tolshs
=2 Gl el g s} gk oful Ao
A 3o 93k BRY WS Type III secretion system
(T3SS)o] FA3IA| R, 7]&0] R T3SS2UR7} oFd nucleoside
diphosphate kinase (Ndk)of 2|3t Aoz ZA =t dFA]qt
PDNNDK £ 0|83} transfection A3 A3}, Ndk 9H2. 2= BR2]
dhg o] F=g]x] ghgton, Ndke} g flagellazt B 2 g 7
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sttt o]#et 2= 7]£0) E1% 59 pathogen-associated
molecular patterns (PAMPs)¢] flagella®} tjEo] ZAd-gof &
of5h Nk Wt oju)7} gl 5ol ofe 7] 4e
R

ZAe &

o] =E2 20139 E AE(ALH)] AYoz IZATAG
o] YL ¥Re 7|2 ATLAFY(NRF-2013R1A1A2059846) 2
BK21 plus Z2 1 (-gH) 9] x| Qo2 43 E|gi}.
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