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Alleviation of Pseudomonas aeruginosa infection by LasA propeptide
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Pseudomonas aeruginosa, an opportunistic human pathogen,
expresses LasA (elastase A) for infection as an important
virulence factor. Since the LasA activity can be inhibited by its
propeptide, we tried to alleviate the severity of P. aeruginosa
infection using the purified LasA propeptide (LasAyy). The purified
LasA,, efficiently inhibited LasA in vitro. The effectiveness of
LasA,,, in alleviating the P. aeruginosa infection was investigated
using mouse skin infection and acute lung infection models.
The LasA, treatment of P. aeruginosa alleviated severity of P.
aeruginosa infection to some extent in both models of the
skin and acute lung infections, and the PIV, itself caused no
harmful effect on host tissues. However, since the degree to
which LasA,, alleviated the infection was very small compared
to that expected from the degree to which LasA,, inhibited the
activity of purified LasA in vitro, we investigated how much
LasA activity was inhibited when live P. aeruginosa cells were
treated with LasA,,. As a result, LasA activity was inhibited
only to a very small extent compared to the in vitro result with
the purified LasA. This demonstrates that when LasA; is
directly applied to live P. aeruginosa cells, LasA, does not
sufficiently inhibit the activity of LasA, and thus the effect of
alleviating severity of infection is limited.
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L-5H(Pseudomonas aeruginosa)> 3HF 5.9 7+ Al z-
Ui e - A 79 A7l 718 ol ehVan
Delden and Iglewski, 1998). 324 Ad-7-5 3kx}of| A EHAYs}H
= Al o] 71t 1ol v, 1B EE] vl W
w0 shee] of ) 2ol a e e o) 2kle] A Ikl o
7] = d}th(Hancock and Speert, 2000; De Bentzmann and
Plésiat, 2011; Moradali ez al., 2017). g2 thokst 7+ 1}
Ao A A|3E 9] 3 Z E|o}A|(extracellular protease), 0] 2 A
obd(pyoeyanin), 22| 2(thamnolipid) %53} 2-& & 54
QA= EH|StcH(Lau et al., 2004; Hoge et al., 2010; Moradali
etal.,2017).

ol2let 54 S F AIE 9 EREOPAL 450) 24
& FASHE B ol 579 WMo AAES Best] v
o ufj&- 701-1113@ A o1ztE Z+83)=1)|, £3] elastase B
(pseudolysin, LasB), protease [V (PIV), elastase A (staphylolysin,
LasA)s 5-29] 70¢] o whlo] vil-$- 0.3k oJake wick
(Hoge et al.,2010; Park et al., 2014). 0| 52 HY
Al, e, Sl el § W S5 He T A S

& 4= ) 31(Engel ef al., 1998; Malloy et al., 2005; Hoge et
al., 2010; Park ef al., 2014), 25 #H AlA)(quorum sensing,
QS)ell ozl Aj2E U= ojEH 07 YAJof| e E]7] uwfjof,
783t =4S k3]st Park ef al., 2014; Oh et al., 2017; Li
and Lee, 2019). w2hA] o] 59 & A= s a3
A2 4 Sl S o 2 7o) Shk. Teiut 52
SEELS EESIEEE PECERPEE AR
Ol S-S Wol Adsl7| wzoll, dREA 1 R H|okA] A A A
S AREE A QA 715l AR 54 o] vEhd o= Sl
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c}. whahA] Algto] AAdsh= 2 e oA ETE Eo] 4 0 2 o
o 4= Q= AA 9 Aol Fa gt Aol

PIV, LasA, LasB+= A = o] Ak A F o] -FAFSHA] Q4| RE,
AR = ] 25 2= At T A 3 Hi(prepro-form) 2
U =] =), o] A Tl A S N-thof] 415 ko] E(signal
peptide, SP) &, Z71o) L Z#H E}lo]| =(propeptide, PP)E, C-H
ol 2|5 e o] Z2E|olA|E 71l th(Hoge et al., 2010; Li
and Lee, 2019). Al Ao A= o] 2 Tl e = E2) 5}
Ak d| 2] EetE 0 & o] 5 shHA| SP7E, TLe] AL #| 2] EekEo
A M| Q)2 Fu|E o PP7} =24 O 2 2] Uy 2/ sk
I 2H|olA| 7} Elth(Kessler ef al., 1998; Hoge et al., 2010; Li
and Lee, 2019). 3}A|qF 241 2] PP7} A k] of A A2 wj7}4]
= HE ke A 2 A8kt o= PP7F AT E %] ofar
201 A, 2 AtE Tl ete o 15] A4l o] ZzEopA| o
Agtslar Q17 wlEo]tiKessler and Safrin, 1994; Oh et al.,
2017; Liand Lee, 2019). o] ZA] £b 3] 4] % 7] 712 A4l
O] PPof| oJ5f) Eo|& o & R E|obA| ZHo] A== A
2 LasB, PIV, LasA 5ol A 2HAE| ¢l 11, o]= 7z} L2 g|o}
AlEol ehds] o i 2 Fud wj71x] &43& SAsto] ZH4l o
Al Sgo] UEREA] QPR S sz “eb T o gk PP} 83
Qith= oJujo|tlKessler and Safrin, 1994; Braun et al., 2001;
Ohet al.,2017; Li and Lee, 2019).

0|85 PP7} AH419) ZazElobAlgr ol 0w o]
tfjiZell, o] PPRbS whe U, A sho] S55ta A ke
X 32 TREH O F9 S-S RISt =5t =4
T AN 7Z|8E A=) Qlojgtth LasB, PIV, LasA= LasB
7} pro-PIV e} pro-LasAS PIV &} LasA 2 &4 3Hr] 7] 11, 4
SHE PIV7} pro-LasA & LasA & 23} A 7] = o 2H4] 243}
7141 742]7] W Eoj(Li and Lee, 2019), LasBE o} 4|aH= A
o] it 7l OIS ST 1 & o2 Azl
31X qk, LasB 2] PPRHE HH&, A5t Zi(LasB,,) 2.2 LasBE
A 2]5}9& o, LasB,, 7} LasBo]| &J3f &3l =] o] H 2 LasB
Ao 2T AA| = I ThLi and Lee, 2019). o]} &) PIV
9} LasA+= 159 PPYRS @ sto] AAgE Z2(ZH2) PIV 2}
LasA,,) © = A 2|5131& ) 5-23] &g o] A A= ATHOh et
al.,2017; Liand Lee, 2019). ©]3=PPE-2] 2141 2] L2 H|o}A|
of thgk 5ol A AsfiAl = AHg-E 4= USS HojF= Aot
AAZPIV,, 2 55wt-S A2 PS o, 559 ¥=/d0] 9
u] QA &3HE R THKim ef al., 2021). £ o A= LasA,,
£ &, BAIste] ssatol] ARt o= PIV, A =5+t
7

ae AetAE ¢ UeA] GOt AR}l SRl

&3l A A|s8d Al3%

= A

AL e} HHX], HHY &=

0z

EH
=

2 AolM= AR E Al o, A T8, Bk E F
2 Table 19] A2 =] o] Utk thHEE O] L5iH(P. aeruginosa)
9ol ob¥E w521 PAOT 0] ARG-=| AT, LasA o] =

ol = PAO-T7 w57+ ARGE ATk tHA=HE. coli)-> LasA

=]

=

DA olli=DHSa w75, LasA,, 8@ o= BL21 5+
= ARSIttt <t Luria-Bertani Wi 2|(LB; 5

g/L yeast extract, 10 g/L bacto-tryptone, 5 g/L NaCl)of| 4] 37°C
2 5 7] aeFE] ek A vi A= g (agan)S 1.5% 2 715t
of A Z3Heth, AlTe] RS 600 nmol 49] Fobd W
(optical density, ODg) & ZAE| ek A= Th8 T} 22 35
T2 AMEERIT): ampicillin, 100 pg/ml; carbenicillin 150 pg/ml;
tetracycline, 50 pg/ml. THl 2 WE §-Tof = isopropyl-1-
thio-p-D-galactopyranoside (IPTG)7} 0.1 &-2 0.5 mMZ 3
7he] Ak

ZtM 7{X2|( Tenebrio molitor) 52 M8 HEM
(virulence) 2

setgho] WEALE o] QP ke 2 Aslelck Park e
al.,2014; Ohet al.,2017). HA <19] vl oF Al5-H(culture
supernatant) & ©17] 913 7t ZFE LB wjzJoll 4 37°C Al
e &, Ths & TRA] A LB A o 1% FE5ho 37°Cof| A
16417 521 15 HjoF51 A 4°C, 13,250 x g2 €4) Helst
of A& A ABEAL 45 NS F ol ThA] Allet-8 ZE|(0.22 um,
Satorious) & 72 &, 0]Z 10 kDa cut-off centricon (Vivaspin®,
Satorious)ol| 4 108 5533ttt 553 vjof A5 5 &
FA71E ol gato] ZAAHA T A% 24 A
(Tenebrio molitor, mealworm beetle) 2] -8-3(mealworm) ]| 5=
Q1T F, 30°Co) A 4207 BABEA F& §50] 42 5l
shetk, ARl Hhgo] glom $30] S& A om Fittal

e

LasA2| FH|

LasA = o]l Q1L0]| 41 %] & C-2teko] histidine e 17} -2
FE 2 = PAO-T70)|A] Z=F L3+ & nickel-agarose
resin (Ni-NTA)Z ©|-§3F A =rkE T2 0] )b 0 = A5k
th(Li and Lee, 2019). H#] C-Eto] histidine-tago] &2
LasAE 3} 93l 3l = St~ n| =2l pQF21c-LasA (Table 1)
£ PAO-T7 w70 B4 AekS Fall =Ykt o] Al=2E
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LB 2]l 4] OD = 0.57}4] XI5 g3t 5, 16°C 2 225 W3
ALIPTGE 0.1 mME 7}sto] Tl el & §- =315, 16°C
of| A 16417 Bf vl FSFATh A2 13,250 x g = 4 #2585t
of A ABIAL 45N F8l THAl Alat-& ZE|(0.22 pm) = AE
3 o| & nickel-agarose resin (Ni-NTA)©]| & 1 resinof] 2§}t
LasA TH AnkS imidazole &%= & ©]-&-8f) =513
LasA-& E3Iol= B35S Hof A A-8-(storage buffer; 20
mM Tris-HCI; pH 8.0 and 5% glycerol)of| 4] Z53] 413t
5 12 opo @ o] ALEAI7IA] -80°Co] MR,

LasA propeptide (LasA,,) 2 HE E2tAD|=0| M=
A LasAn2| FH|

LasA,, S 7} @& 5= Zeb2u]=(pET21b-Apro, Table
D)= XA lasd 5744} 5 SPLPPE S5kl Qi FE(A
A ofu] AL E] 236 A oFu]| i AR7ER]) TS Ndel 7} BamHI
Atk Bo)12 7k mato]m] 2 PCR ZZ3}0] pET21b plasmid
©] Ndel-BamHI }7] o] 4Fels}o] A %5191t} pET21b= C-
ek B.0lo] histidine-tag-2- E-0]F= Za}An|=o| 2 &(Table

Table 1. Bacteria used in this work

1), pET21b-Apro+ histidine-tagged LasA,, & IH5F B $H
th. pET21b-AproS BL21 520 &3 AZLo 7 =I5},
LB v z]o| 4] OD = 0.57F4] Z& vt 5, 16°C 2 25 S
Z1IPTGE 0.5 mMZ A 7}slo] chal & vkel-S- 6 = &fa U
A 16417K2 B HjoFaheleh. 4] Bel(13.250 x g)2 Al £
HL 3% 0]5 20 mM Tris-HCI (pH 8.0)¢]] dEl5}o] 2-Sut=
ahafahelch. o) U4l Belsto] 284 HaS ERehE
AFEOLS, 25l Ni-NTA 22012 12 0) 483191 imidazole
51 PUIE O] &3 Ni-NTA 21210l 2T Lash, 2 42
gt ¥, T80 £t =2 £S5 ol A-8H(20 mM
Tris-HCI; pH 8.0, 5% glycerol)ol| A 55| =431t} o] &
2o 72 o] -80°Cof Hanshit

LasA 2 &3

LasA 42 LasA 9] 3E =A<k Staphylococcus aureus)
|5 8H4(staphylolytic activity)S 3} 274331 THLI and
Lee, 2019; Kim et al., 2021). ZZ =AM+ RN4220 A|ZE LB
v 2] of| A] 16 A7 Bl F3E - 13,000 rpm (13,250 x )| A] 4]

Name Description

P. aeruginosa

References

PAOL1 Wild type P. aeruginosa Pearson et al. (1997)
MWI lasT', rhil double mutant of PAOI Whiteley et al. (1999)
DHO0001 piv mutant of PAOI, Tc® Park et al. (2014)
AlasB lasB” mutant of PAO1, Tc? Li and Lee (2019)
AlasA lasA” mutant of PAO1, Tc® Li and Lee (2019)
PAO-T7 T7 RNAP*-expressing PAO1 Hoang et al. (2000)
Staphylococcus aureus

RN4220 A laboratory strain of S. aureus Kim et al. (2021)
Bacillus subtilis

ATCC6051 A wild type strain of B. subtilis Lab. collection

E. coli

DH5a supE4441lacU169(80lacZAM15)hsdR 1 7recAl gyrA96thi-1 relAl Lab. collection
BL21(DE3) F ompT hsdSg (rg” mg) dem gal A (DE3) Lab. collection
Insect

Tenebrio molitor Yellow mealworm

Kim et al. (2021)

Mouse

Jcl:ICR mice A strain of albino mice Samtako Bio
Plasmids

pQF21c-LasA lasA in pQF21c, Cb® Liand Lee (2019)
pET21b A plasmid for the overexpression of C-terminal histidine-tagged protein, Ap® Novagen
pET21b-Apro Propeptide-coding region of LasA in pET21b, Ap® This study

Tec, tetracycline; Ap, ampicillin; Cb, carbenicillin.
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Be|ato] :2}5}91Th. 0|2 20 mM Tris-HCI (pH 8)0]] Hekal
I 100°CoYl A 1023 APESFATE. A 2ot APE S 2 At
AI3EE ODgoo = 10] =7 42 5-37°Col| 24|13 5k o] 2=
0] gito] Aol S Shlek Aokl s-gto] Hof
= A=A LasA B/d& S lofl= UA Set Al
2} A A LasApyS 20 mM Tris-HCI (pH 8.0)f| 4131 25°Co]|
A 1057 R 5, of 7)o EEAR T A ES ol
At =9:91) ODgoo = 10] H A SE5=3137°Cof A 24 7H
Fto] YoILHES Bheiek 2417 F 0Dy @) T A7} 2
EAgte] Bt e QISR R, 241t $-9] ODen 440
248 LasA 9] FA0] 182 ou]gtch. o] 2 Bk A
o= ofsfely] £wS thast ol At B o2 Bl
A A SFATE. The relative LasA activity (%) = [(1-ODggo of
sample with LasA,;,)/(1-ODgg of sample without LasA;,)] x
100. 0|23t 2] ]3] LasAyy S A 21517 Q%S w2 LasA
&/do] 100%= A FT]

i

Fo) alot 52 413 22

A AFL 98l 65328 4=A F(Jcl:ICR mice, Samtako Bio,
Table 1)E £-oF go} L} A H-S ZHol polycarbonate 7] A]
of| A Ao A 4~5 ula], & 24°C, HE 55%, 2 F7] 124]
1h& FrAIsHAA e, ARSI Fle FAR L 5= A
A]4d(Laboratory Animal facility at Pusan National University)
oA TejE|Glon, HE T AFES vl AHEAY
(National Institutes of Health, USA) 2] A3 x| Z]of wha} 4~3) =
AT EJF 2 Aol AR e A I ES Al et
SE AY 22$3](Pusan National University-Institutional
Animal Care and Use Committee; PNU-IACUC) 2] AFH 521
< 19t Approval number: PNU-2018-2019).

(o]

Al

=
3
o

o 7hed A1 o] AT S wfek A1Rskch (Kim er
al.,2021). 7~9 & FE 1.2% avertin (2, 2, 2-tribromoethanol)
o005 32913}49(0.2 ml/10 g body weight) 20 52 u}-3 5k
B =z u|Ho| g3 W 7|2 A A5 70% ethanol £ A%
3FT) o 7)o A A A AR H X](biopsy punch, Kai Medical)
2 /b8 3ol 415 oF6 mme] 217 AH S W 7,20 ] A=
S dA ol Bojma] HESHTh Al&=20 plo] PBSof| 2
x 10° CFU 55t 0.4 pg LasA,y, $-2-2 x 10° CFU =% +
0.4 g LasAgy (0.2 pg/CFU)E W11 AF2.0] A 1587F B0 2
HISHACh % 5 109 5 AL R 9] wahE Al pas

ERRREEE

&3l A A|s8d Al3%

S whet 218 akel cHKim er
al., 2021). 7-9% % |2 9le} 2 P4 0.2 upFt 7, Wi
o] =& Z}A||(supine position) & LA} B HLE 70% o]
SZ 8 25513tk 55 A== AUlste] 35 P(trachea)©]
S UA 83, AL R 50 plS 1 ml AL S ALE-3l 3839t
© &2 HFs}Ich Al 2= 50 ul PBS £-940] 5 x 10° CFU %
1, 1 pg LasAy, -2 5 x 10° CFU 5353+ 1 pg LasA,, (0.2
Pg/CFU)S Wil ARl 4] 1551k o] vl 3det. % 5 2
A 5E57H-S 1]5 A Z2|(Skin Stapler, Visistat™) 2 -
3k 37} uk ol A Aot wj7h4] 37°C 2 5 E(heating
pad)o]] EOLEoIT]. HF 24417 3, A7) HE COL2 9
AL A7) 3L S 9l wlE A&kl

ZZXIo| HRE HAHhaematoxylin and eosin stain) & 2H&t

229] Qaje o4 ATHPES ue} AYsHArKim er
al., 2021). F oA Z =3t 5= 4% formalino]] o] 1143} 31
4°Cof| A a4 B ykstelet. H H(lobes)S 2 3 5ko] sucrose
7} E0130= PBS &0 a1 4°Cof FQl=H], sucrose =
£ A3 =ol7 S28] siolE A SFATH10% 4] 1AL,
20%°N A FA7E, 30%00| 4] 3. H$9-& O.C.T. compound
(Tissue-Tek®) 2 &7 A2 & cryostat microtome (CM1860,
Leica) & A1§310] 7 ym SAle] Ao gehjgick 22 e
2 =2 N|A5H 5, H&E FA-2 $]3l H#] Mayer’s hematoxylin
890 [50 g aluminum potassium sulfate (KAI(SO4),* 12H,0), 1
g hematoxylin, 0.2 g sodium iodate (NalOs), 1 g citric acid
(monohydrate) in 1 L] ©.2 857} Al 0] A & M5} c) ul=
3t E3195% of| g2 2 ZE-8] A| 25t F, eosin Y -£-H(eosin Y
stock [1% eosin Y in 76% EtOH]:80% EtOH:glacial acetic acid
=50:150:1) 0.2 tju] JAsLict ofehe= =3t 7, AH
°f xylene (DAEJUNG)< 7}sto] @A o] B AT aljA| =5 5}
ek thA] TjEpRlf(castor oil) 5 Hol =]l AW Ttig
-8 3% 5u]7(CX40, Olympus) O =2 T35}t

Qo 24

SAH fol32 JBIA PolEl nlo] LR ATE Afe] MS
office Excel-& A}&-3}¢] student’s t-test (two-sample assuming
equal variances) W' 0 2 B4 | QJt}. p-value7}0.05 2o} W
om fejg Aoz Bee .
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Zot o o

LasA7} ==79| H=EAM(virulence)d]| O|X|l= Fat

LasB, PIV, LasA 2] &g3} TA|of| 4] LasA+= 714 8199l
Q1o v Z(Liand Lee, 2019), LasA7} S5+ A 43515 93t
F& e7l0] B 2 Q] WA Yot Wask sl o2 9]
3l LasA S400] ok 79 o] AL ¥ A (virulence)o]
A3 =X]5 PIV, LasB&} v u3]] EQFth LasA, PIV, LasB
£ A5kl Q= las4, piv, lasB A7 242 A =AW
o| FE(dlasA, Apiv, AlasB)T}, QS 7] % 0] A| A =] LasB,
PIV, LasA& 3L 3Het o 72 o] A3 e] T2 E|opA] o] =2
5t} 9l AWl MWI (lasT rhil) ] 542 24)
AA Y 52 0|85t 2ASIAS W, AlH=MWIS Y
5/d0] AL YehR] ekekew, AlasB, Apiv, AlasA <155 E
g 1 op o] vla) W5 Ae] fojulahAl wold Qisict
(Fig. 1). A2 o2 Hwshd MWIE Alto] gle ti2at
(control) T} 1|23 5220 2 A 9] WEA o] LehbA] ekgko
), AlasB, Apiv, Alasd Z| A= AlasB7} 7V W& 5=20]
545 HelthFig. 1). 58 vk 22 dlasA7} ApivE T} v
oAU} o e o) MRS B eleHs HolthFig. 1),
PIVE PIV,E 0|88l s5wtollA 1 84S JATE 35
352 7hJ0] 25}E]9k80) SelE EARIEI(Oh er al, 2017;
Kim et al., 2021), AlasA7} Apiv R Tt B] G2 HEA]S H it}
LS LasA 7 57 7H 981 gt 2L o] B 4

8- Julsh Aol
gH7HA] AGe A2, Fig. 18] Ai}+=LasB7} B £ B2
A& AlAFeHH, o] 5 Al ZEH|oFA|E0] LasB, PIV, LasA
A2 a2l B AM(proteolytic cascade) S Z3f EAI 31
= Hof| A Z&3] o]8l| == Z o] th(Li and Lee, 2019). 3}
A9t o] A-tof|A] LasBy, 7t LasBof| 2J3f| -3} =|o] LasB=
100 *
ES —
75 +
=
S 50t
£
&
25
0 — T T T T —

Control WT MW1 AlasB Apiv AlasA

Fig. 1. Virulence of las4 mutant. The virulence of the /as4 mutant (4/asA)
was measured using 7. molitor larvae and compared with other protease
mutants (4lasB and 4piv) or a quorum sensing mutant (MW1). LB medium
was injected as a control. *p <0.05.

143 4= gl Alo] #8120 B 2 (Liand Lee, 2019), 3
FoAE LasAo] 278 Wao] o] F 978 Zlastgick

HHIE LasA propeptide (LasAn)2| LasA E4 x|
o] ol A PIVE PIV,, 2 A5t 55+t 1S ¢
A HE A A Y (Kim er al., 2021), LasAS LasA, &2 A5}
o =tk 712 2Bks) 17] 913) WA LasA, S £e] 47
8L TH(Fig. 2A). A& %# == prepro-LasA 2] AA| A7)

() kDa

20 <—LasAmJ
15
(B) 100 [
s
- 75
S
g 50
—
25 r
BB

\\NO% 00\‘\ &@’% \»N\\\
> 2 O 3

Q@“ SR
100 |

S 75 L

2

=

g 50

<

S 25+ ’—]—‘
0 T

& ¢
RN 4

X
\)&V’
Fig. 2. Purification of LasA propeptide (LasA,,) and inhibition of LasA
activity by the purified LasA,. (A) The histidine-tagged propeptides of
LasA (LasAyp) were overexpressed in E. coli BL21 (DE3) and purified
using nickel-NTA affinity column chromatography. SDS-PAGE result
shows the final purity of LasAy, (> 95% by densitometric analysis). (B)
Cells of several different bacterial species (ODgo = 1) were mixed with the
purified LasA, incubated for 2 h at 37°C, and then measured for ODgqo.
The decrease of ODg reflects the cell lysis and the extent of lysis was
relatively presented as percentage. (C) 1 pg of purified LasA was mixed
with 3 pg of purified LasA,, incubated for 15 min, and measured for LasA
activity. ***p <0.005.
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45.5 kDao|1l, Z|ETA| 9] A3t LasA+20 kDao| ™, LasA,,
ko] H7])+&= 9F 19 kDao|tLiand Lee, 2019). las4 -3- AR} =
SPo} P& TLo}51 QI SRS e W g Zefav]s
(PET21b)of| AFeigt &, th<toll A Zheg & A|A o] 19 kDa
O] LasAp, S 95% o|AFe] - & 1.2] A3 thFig. 2A). ©|
LasA,,7} LasA & A A|5H=x] els}tr| 9] o d At
Z 3 LasAx= £2] FA|5}9tHLi and Lee, 2019). LasA7} 7}
Al At 8t B/J(Staphylolytic activity)-2- THE Al
ol WERLEA] QAL sz ifaiatollit 5ol F o= yEhts
E(Hoge et al., 2010), A LasA o] 22 =helsf & At
S L e S ol o 2 8<FA|FtHFig. 2B). o] &
o]l LasA 2] B/d-& 5old o= S4 T o= Sl=t, BAIRt
LasAy, 5 LasAo] A 2|5kl wf o] dof Hars A3} FAgh
£Z0 7 LasA2] EAJo] oA ] i thFig. 2C) (Li and Lee,
2019). o]+= A A LasA2} LasA,, 7| I F 2419 S48 %=

23] 7HA AL lae Bl = 2otk

Control
(PBS)

Day 2

Day 6

Day 8

LasApp

LasAy0ll 2fet === 2 st =t

LasA 9] & ATt 24 S5+t 9]
A=A gelsk] f1al FE o83t w5 e 9
AEE Skl WA 17 4 Aol ssdS HA
A1 F19] T 5 K9l= 2 WA FE Shgo] dofuhr] AlAsto]
8UA o= Bhso] w9 A 2, LasAp, & A 23t S5+t
= AAANZE = 2] ATt tha ofgtE = s 1
ATh(Fig. 3). LasA,,ThE 170 S S djofl= AA 7} 25
iy

Lo

= Ao g Hol LasA,, A= 5AS 7HAA] o= Ao g
T QI ek(Fig. 3). 12U PV, & AR o] 3 H(Kim et
al., 2021)°| A<= PIV,, 7k 9] 5of 251 wfj 9] 3)5 L7} of
AR &R 2t} 7] 2] ok Hhsf, 2 Aol
A LasAp e S3& 19 v A 2l S ol
vl tha = A eh(Fig. 3).

w3 T A ol AFAY eSS 5 H(trachea)

QLo & F915t0] ZHIAIZ F, 24 A|7F o] o] T Z A 5T

PAOI1 +

PAOI Lash,,

Fig. 3. Skin infection by P. aeruginosa with LasA ,,-treatment. Diameter-6-mm circular wounds were made by biopsy punch and then 2 x 10° CFU of P.
aeruginosa (PAO1) was dropped on to wound sites. For the LasA,, treatment, 2 x 10° CFU of P. aeruginosa cells were treated with 0.4 pg LasA,, (0.2
pg/CFU) for 15 min before dropping. As controls, same volume of PBS (control) or 0.4 pug LasA, alone were dropped. Scale bar = 5 mm.
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¥ A& H&E @At Jal= W) og 3= qlct
(Kim ef al., 2021). 52 S50 2 22013} 2 2o A=
2= 0F-S-a} v E L 2] Q(leukocyte infiltration)©] A181A L
o]yt th(Fig. 4). LasA,TH& 557] 2 =95k 4-%-oll= A5
HE S 2)go] A o) PoupA] QSkth 5st-S LasAp, = A
g]sto] T53 Qtoll THAAIA] --oll= A 2lshA] o2 Aol
val] @5 WA 7-go] tha oFstA dojutzl shgl oL,
Apo] 7} A= & SktH(Fig. 4).

olgg AN T B, LasAy, 7t e+ 7 &3t
A= 7R 7)5= Stk in vitroo| A A LasAE &t 0
B2 AAgH Aol vls A= L &7} a9 gk A o2 Hoju,
A & F5A4- AVHEAS # A o 79 oF= eFstrhan(d]
52 o] B9 deE

Control
(PBS)

LasApp

PAO1

PAO1 +
LasApp

HOIUE =ST0IM LasA0fl 2f5t LasA 2 K| 1t

Invitroo| A1 LasAw 7} LasA B4-S & Ol Ao = 2
o, A14) 249 AHOIAIE LasA,©] 7hd et w3} o
- ASE7] wjizell, AR Aolle s atoll LasA,, & A&
79 eluj} Las gHgo] o A|E A ZAE) BT S x 10°
CFUS) 253531 A 20] LasAy, A& 271417 7o) H2let 2,
LasA Z4S S48l ks ), 16 ng7tA] A 2|5t eh=(32
pg/CFU), LasA S4J-2 9F30% A =9t 743 ti(Fig. 5). o]
= LasAp AAIE LasAd] 4 2]5H98 ufo] 75% o]4F 24
o] A Ao Blsf(Fig. 2C) wl-9- 22 AA| Ao, o=
LasA,, & Alofolis ol 21 H2|2 44 LasA 24
Al A7} - AT & HolF= Aotk £, LasAy, =
AIE Al Aglat AR Atobglis Al Aol A LasA 24 oA &

Fig. 4. Acute lung infection by P. aeruginosa with LasA-treatment. Mouse acute lung infection experiments were carried out as described in the section
“Materials and Methods”. 5 x 10° CFU of P. aeruginosa (PAO1) was inoculated into trachea. For the LasA,,, treatment, 5 x 10° CFU of P. aeruginosa cells
were treated with 1 pg LasA,, (0.2 pg/CFU) for 15 min before intratracheal inoculation. As controls, same volume of PBS (control) or 1 pg LasA,, alone were
inoculated. Tissues in lungs of the mice were prepared 24-h after inoculation and stained by H&E staining. Scale bar =250 pum (x10), 100 um (x40).
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7} o eh2 A ek ofujolck

O =PIV} o9 k2 Afolch. PIVy2] 49015  10°
CFUS] Aolgli B5-28 1 pge) PIV,, 2 A 2lalo] =02
pg/CFU), 70% AE7H4] PIV 84S oIR8k tHKim ef al.,
2021). GAE PIVO] PIV,, 2 A 2510 t= 75% Y=ol
PIV &4 AA &GS ©97] g&ol|(Oh ef al, 2017), o)1=
PIV,, = A1 E A28l A A Aokl Al sof| A AR <
A 7748 1 Qlek Foltk. o]2jgh - PPe] Aoz ofut 4t
OFSs S5 AT} Bulak thake A4S o7 AT
] Ao 2 P7Er) legfo] Buldh= 012} 3 LasA,,
k= 22 E|oFA|7F AW 52 LasA,, & 25 A A
=30] A& A LasAp,, 9] 28] AlgH A 4= Qi ok
|23 QRSO &J 8l LasA,©] 2180 W5 A wH,
o g &3t 5ikE A Y Skl ¢l Aolok

LasB, PIV, LasA+= W5 =541 0] 7383t B4 QIxjo| =&
DA R =5t 7 JAE It T3 Elo] H 4= QA
gk, ofof] Hsto] ZH7F St &2 Bl = 9] 71491 A
o] 9Jt}. LasB:= thal 2] B35 o 4fj(proteolytic cascade)S &
] A S I o ke Xl _4/&1-_'4 olxfo| B2 o| = Ao R & A
© LasB #ut ol o2 = 2 golA| 2] B = | oA
9 = Gle1 o] Sl PIVE sj@a 4 A3t 4414
32 o}8}A] 7] 2 2 (Bradshaw ef al., 2018), PIVE 2JA|& 7
© o]a—]s} t‘sjl- 71—0:101] _—gJ,};H oz Eﬂxﬁ?ﬂ- lr,]-.‘; %deo]
9t} LasA= LasB 0] -4 S 27} A] 7] 2= B4 o] 91 7] w5
o]|(Peters and Galloway, 1990; Li and Lee, 2019), LasA 2] 2]
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Fig. 5. Inhibition of LasA activity in the LasA-treated P. aeruginosa.
Pseudomonas aeruginosa wild type cells (PAO1, 5 x 10° CFU) were
treated with increasing amount of the purified LasA,, and the LasA
activity was measured. The activity was normalized to the sample without
LasA,, treatment (which corresponds to 100%). The LasA activity of lasA4
mutant (4las4) was measured for comparison. ***p < 0.005.

&3l A A|s8d Al3%

ﬁﬂ@#%«bﬂqmmﬂii4ﬂﬁﬂ = ger e
Ebloleh e Lshu 2, LasAy S AHasto] S5 4l
A2 Aske A A% Bt ek Azbeik

X~
1

0]

713] 7943 Q17 WYl =K Pseudomonas aeruginosa)
2 7 IpAof| A £ 23t B = 2l AKvirulence factor) 2 LasA
(elastase A)E W& slc) LasA /o] R4 2 HElO| =
(propeptide, PP)o]| oJ3ff A2 = I 22, 2 Aol A=
AE LasA 2] PP (LasAy,) S ©]-85t0] s 7192 9ks}
AlZ] a4} shdek 2 Aol A 2] A AIRE LasApy= in vitro

oA EA O 2 LasA &S AT LasA,p 7t S5+t
HAE Poloks Bk 7 918 e W 34 0 g wEe
ARg-SFo] AR QAT 55t LasAy, 2 A 2] oH3lS o] -5
# A90) HZHEE Tneh 34 W 29 Bl A ki 95
Rem, LasA,, A= <557 24 of] =& FaFe v AA
ororct. 3FA|NE in vitrool| A LasA,,7F A A|E LasA 0] &40-S
A8z oAl 7| d == Ao vl A= A o] St =
HrErh g Z9p7) o], el A7) Aol st Al
EE LasA,, 2 A 2]3}0] LasA &4do] Aty A H=4] =
A} wgkek AR A AL o] gk in vinro Ao
u]af o} 2R A& 20k LasA o] oA =it o] Ato}
= =matol 214 LasA,, S A28 74 LasA,, 7| LasA 2]
DS S0 AAISHA] st o] = Qs Ty et anrt
9l 4 9188 Mol Aolch

HafE

LAt 2t

o] Tz HAk Bt 7| R AT A A2 el lste]
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