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D-Alaninepeptidase0f| 2|8t M| aFet & ol chst Fd St
&70% - ol
SRS Nofsicls WaTsle, BECIS bl0[2oTe

AHPQE 84 of A p-alaninepeptidase?} A9 4 &) ©] A= % & p-alaninepeptidased]) =22 7) A F2] 4 &
42 Abe|E4}, F-& p-alaninepeptidase 8} AHF-qtol]l FA o]l x2S o, o] A E& o] AT vl ¥A
3] Z2E e, 2§ 94 TR 29 54 HEe] AEFFAE ] ©] % 31T} p-Alaninepeptidase 8} -2 4t
T4 734 =2 A T B4 AFUo T 2B A7) o 270 0] 3l T 9 98] B &AFE 20| YA
F2] 27} wel 20 4& FAAAUTH 22 SR, p-Alaminepeptidasesh A Ao) FA) o] x2412)
AZEERAA A 25 )] ¥4 A (gentamycin, vancomycin, kanamycin)of] | & H4A & AqH{AIH o2
Ay .4} p-alaninepeptidases)] &A| 7] AF-E2] GAA 7454 o] Frl8= M A Proteus vulgaris TF
E9] vancomycindl] 8 A F7He FEE 8k% o} wkel A p-alaninepeptidases]] 2] 8ol A9 o] J ofs)
A ArFstolut aAgAl 22 A fA¢ ol wHA: Aoz Angld
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Ad-e o2 AAllMe & 5 fle 55
olFl Ael=Fejzre s @ AEg AYal ok Al Al

2 9% 8§79 WalERe 7L Ruske e Fad RS

AFE o) o]o] Ay Ao F &GS Wt Al Al
F L N-acetylglucosamine B-1,4 acetylmuramic acid-tetra-

peptide®] Z3HAQ! YEE=Z2)ZHE0] A= transpetidation® . 4
A€ Ang F22 Fo] FH AR wigle] Ad & I=E
SIEH(1S, 26, 30). MEE FEQ] tetrapeptided TASHE ofle
2he Ao Fofl wet Zolrt AN BRE M BTz
disaccharide-peptide subunit '‘Zoll= L& AEA M= B 4
1= D-alanine©] EAFTh AEH P HFEAL N-
acetylglucosamine  f-1,4  acetylmuramic  acid-pentapeptide =
peptide®] Ztoll= p-ala-p-ala7} UM, transpeptidation®. Z |
HEgted $0] AR ddsEo] Axy 728 ve v, A
W] palanineS BoiA Uitk mE}A  disaccharide-
pentapeptide®] DT F-9ol] SIE Dp-ala-p-ala dipeptides HWEE
ZE7ke] transpeptidationo]] 2 HQ 3k Zojth1s). WY p-
alanine dipeptide o] F-ASPAY IEE p-alanine peptide 23
o] #JA p-ala-D-ala dipeptided] XFEo] A7|H, HEl=FeFt
=9 ¥/gdo] A8X Faf BH MEEo] whEold Zoly
mEkA] AlEE o] AR o] FoR|A] gfof ATt £A g
73 wslel FHoks A 4= Qlct.

nAEA A% A5 oA gk WETY S Wi A7
g BA FAR Ugdel g ciF@o] HAHsIe, 4, 11, 12,
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27, 29, 33, 40). WS Ao o 2 Jdgol erdgt a9t

Holg A= oAl Ee 72E MBI fRAY sidoid,
FAE HFAIE F ' B A sl #8EHT qitky,

19, 20, 23, 24, 28, 35, 39, 44). T ofA WAL o) 7pA] 7]
Zog FHEHM Y3, 9, 21, 31, 34, 37, 38), A HAT
9] Aol TFAOE A Qo] HEo| fFE¥E triEA]
Fae 1T ¢ § Aotk weky oAl fFEFEE ok
e WHOE AT AEES R4 s EEE AZE
F slon, Axo] FH3hE ke o] Bod 2l oY
2 wto] 91, WA #73 wstoll 23] tf-8-5hA] Kool A
o] #eFs] % S Z(increase in susceptibility) SFAIE AT} Ao
HZHE B vt 228 WEshd s Aead
(synergistic effectyE & 7 1& AoIThs).

AAYHA T3 7Y PAEL AW e 2% o
WS HARHES AakskET, olEd tARKE Thed B4,
FAEZ, dA 5 A 84 BE-o] Bol AegEdy =2
n2A BAEY) 71x)7F 9] QA= UTh32). oA U o
off disk ARide] Yo Z nAE A% X7 A9 §3
gxlehs P84 &5 (enhancer of antibiotic activity)S
Ak daEAd dRERS] $HE Al Alxy Z4E9 3
¢l p-alaninepeptide® wH|3le] Mt MEtow oFEe] f4p
=9} & 4 & p-alaninepeptidaseE £ 4 Urh. B dA74
ol A= Bkl A Eelsh g a4 Ry4kido] B3t Bacillus
amyloliquefaciens CMBO1-& R 13} TH13). B. amyloliquefaciens
CMBO1& HEels 53& APHeH(E3] A0450687%), ©]
Fo| A p-alaninepeptideS 71#-3EH= p-alaninepeptidases 7
Aste] Eao) 548 THI 9F ATH4L, 42). B =RAME

N
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2R AF-E B. amyloliquefaciens CMBO1°l14} g A8t p-alanine-

peptidase®} gentamycin & 459 FAAZ A AL o

9] Al gk ZAdell At leEAlE A e
e o

T3 vt U A}

WA= Difco Al F(Detriot, USAYE, Ao 5 7]El AlE= O
BXE Sigma Chem Co. (St. Louis, USA) ¥+ BBL (BBL
products, Baltimore, USA)A THtAT}. AEY =& A3
AVRE T8 Staphylococcus aureus ATCC 25923, Proteus
vulgaris CM, Kilebsiella oxytoca ATCC 8724, P
CCARM (gentamycin W-d 5=, MIC<0.5pug gentamycin/ml)©]
o] LBH|A|(tryptone 1%, yeast extract 0.5%, NaCl 1%, pH 6.8)
A TL wigstArt. FAA e ARole i gt
o2}, Pseudomonas aeruginosa ATCC 278539} #AYAUAY 7
F 23 (A& AR S AR, http//www.knmrre.orkr)oll Al EGE
2 JAEY FAA A T S aureus CCARM (vanco-
mycin WA w3, MIC 0.5ug vancomyci/ml), ‘P aeruginosa
CCARM (gentamycin WA T, 128 ug gentamycin/mh%= &7l
AE-319 0}, D-Alaninepeptidase™ B. amyloliquefaciens CMB01%]
28} ME F-H(sonic cell free extract)S F3YnFoZ o
We EE3 F MonoQ anion exchange chromatography,
Sephadex G-200 gel filtrationS ## &= AAG A& A48}
HArH42).

vulgaris

Osmotic stressOff ‘=& & T2 MEJMo| M

LB AAWA10 mhell F& HEFspaL 37°ColA 2477 A7
(150 pm) HiFSte] A whEEATE 47 1%, 5%, 10%9
NaCle] 718 LB H=uiA1(100 my250 ml Sef==)o)] S H
o AE 1 mi¥ B FFea A9 2L e widei 1
ARbete} 38 WE(0Dy,)E S48k del =4S 735
o Zd #o AFE S18she AT NaCl9) $52 59 4%
el g o] A=g Ittt

Osmotic stress2} D-alaninepeptidaseli] 'r Sl 72| MEg

v @ AFS FEslE 359 NaCl (S aureus ATCC
25923: 10%, P vulgaris CM strain: 1%, K. oxytoca ATCC
8724: 5%, P vulgaris CCARM: 5%)7} D-alaninepeptidase f.4
= 100 univml, 200 uniml F7FSF LB AAuix)(5 mhel 2]
24X W TAe 1 m¥ T AFT F 37°CalA 18A%E
sttt Mok HAS BTE 0.85% NaCll e 2 53] 54
3 & 8 gobe)] dAHS LB AR Z1F EEsial
37°Col| A 244171 B3t wjekstel B3E 3 =<rR(colony forming
witys Algste] To) AEEE TR 24 34 Feiol dist
of e AL sant
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D-Alaninepeptidase®t S| WAl BUX0) th3t 2ol
2z wat

S. aureus ATCC 25923, P vulgaris CM, K. oxytoca ATCC
8724, P aeruginosa ATCC 27853, P fluorescens ATCC 1397,
P syringae KCTC 1823, K. aerogenes (SHV-1) 1976E9} SHAYA)
A 7523 (http:/fwww.knmrrc.orkn) | A RS S gureus
CCARM (vancomycin H743), P aeruginosa CCARM (gentamycin
WA, P vulgaris CCARM (gentamycin W73)2] Ao o)sh
PrRE A FeE Fgskanh A 99(EE 6 mm)
O F gentamycin (10 pug), kanamycin (30 pg), vancomycin (30
ug)BBL products, Baltimore, USAYS AH&3}9 T} LBY tryptic
soy brothollA] 24A17F ¥t T 100 wE LB IAEiA| &
2 THET 11 Yo 4 5 it FrFe P44 9 B
T 2R S 37°CoIA 244840 vl & 84 9
Felo) o] A AAge] 2715 SASIY dx 2FeR
o A7) 99, 549 F3H7) A QRS AR B
E #2270 3 ot whEEATH22).

2EHA0 =EE M

oot

p-Alaninepeptidase?} A=}
Ef &t

p-Alaninepeptidase$} 5% 2E#H 2o m2d Mol &
AR Aoz Bttt s 52t LB siAolA Ak s
aureus$} P. vulgaris CCARME 242} 9] A3 383l 3
W 59 NaCl (B2 10%, 5%)°¢) H7bg LB dAulA]el 2-3
mi& HES F olo] EAN(100 univm)S H7HSIAL 37°C A
24717t B ket T) w RS AAEE] (12,000x g, 20 min,
408 F Qo2 TAIE LB LAHA| o FFo] Ho|2 & =T3}
P} o] THE WIAE 7 mmXx 7 mm A7|2 E2U] 25%
glutaraldehydedoll A 3417 b 12 AT 3 100 mM Q12k¢h
ZdpH 7.2)2.2 28] MAH3ATE 1% osmium tetroxide ol 4]
A B2t 22k 2A7E & A7) dFd e g 23] ATt 1
A% ANEE ethanol ¥=F T=A7MHA E4A1Z0H(13). E8E
AlBZ sputter coater (IB-3, Giko Co., Japan)& gold coating3*
% FAPAAFE H)73(S-2500C Hitachi, F5E 0 3828 A5
o= o] FelE HABT
1 2 nE
/e By gol Ad FxU gix}
A VA (intrinsic resistance)®] 24
71% SHAIRE thRE-S FAUA AR olF FoR FHEH A
(acquired resistance)°|TH43). Wt WS HES S F91F
o2 Aoly] ste] A2 A9 o), 71E ofAle] F
25 A\ FEAE dslE e A7 Fus] Mg 5l
o} 3 7)E oAl FEE 1EAE 4 e BE EFopv
oA Qo2 FEEe FEY FAFES ol #RiE A

Aol o] & & =d), ol Ae A ¢t p-Alanin-
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peptidase= AlTe] HE|=Z2|e] 722 Bash & 4 gl
| e AMEHo] Basd 9)F W2 84 Wslel] A3 o)
5 TS, 26). T - ABA ) E3] A= peptidase=
L-stereospecific peptidase®]™ L-stereo-specific peptidaseo] 3t
A= = ATH36). p-Stereospecific peptidase EAE= AlF =
L7 AGAAARE F3HE]0] =), D-stereospecific peptidased]
3 AFEIE 18 22 L} Asano 6y -Ochrobactrum
anthropiol |, Back S(10y& Z G4 Bacillus % HTNA p-
stereospeific aminopeptidaseE 28] U3} 58] Asano T
(M& 0. anthropidl A #-2]3  p-aminopeptidase®] T-Z7}
Streptomyces R612] carboxypetidase DD (penicillin 2% Thil)o}
E. coli K-129] class C B-lactamase®} 27} SAFES B ashs
Al Aol Al B p-aminopeptidaseZ penicilling 43R &4
T kil ALk, 8). ¥ Fanuel S(18)E 0.
anthropi’}  pD-alanyl-p-nitroanilide®] &4 4L Rol: p.
alaninepeptidaseS 2% 7FAL 08-S HAdH oL} AlFolA B
2]3F p-alaninepeptidase”} AT Al#le] T2 §x]0l| o]® 5ke
ojAEAe e A7 Bue gtk mEA B daase
amyloliquefaciens CMBO1°1A4] A A&} D-alaninepeptidase’} A
o] A 2B 2} YA theh Hopgol e Fx
olr ATt
4 Z47] e FE] NaClo] H7be 944 LB ujx|el|A]

& HlFehaA dEe 43S sl8ske AW NaClS) BTg
olBul(Fig. 1), S. aureuss L&A vle} Zo] 2o A%} 3

UIE T
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D-Alaninepeptidaseol|] 213+ Al A|FEH Q] FHoky =71 301

MNE F el om), S dAe] G P wdgaris CM
T2 AR vl RIzkEke BEsian. e A F
20 P vulgaris CCARM 59} K. oxytogas 5% NaClo] &
FH A= & zskon, B3] AYY T P vulgaris
CCARM:Z 10% NaClo] 3 wiAlo M ggshs oz 1
o :& RS AR £ Y AoE AEEA) w3k p
vulgaris®] SFAUY #59) vlNA FFIF HAZ M= g
osmotic stress WS Yol Em 2t AR A UWA S
aureus®] 735- 1% WA d59} S A5 UG T5e) AEy
T2 & Aol7} ke R} 9lol38), kAN T P
vulgaris CCARM®] 32 @ AE2E#H 20 g YA R ok
WAL R Qe o) AEY Txe] Walel Hie] Qe Ao
2 AR EAT

ZF #e 4L H83e X NaCl (5. aureus ATCC
25923: 10%, P vulgaris CM strain: 1%, K. oxytoca ATCC
8724: 5%, P. vulgaris CCARM: 5%)3} p-alaninepeptidase® 3
7FE LB A Aol & wikshas & ARAEY A win
= Toll et p-alaninpeptidase®] FFS Fo] WEgT Yo
&1}, Fig. 20141 & 4= 9150] p-alaninepeptidase®] =29 2]
AEEL =&HA o4& txFo vlsty Zasligen, p-
alaninepeptidase®] &4J0] =& HE89 7Hav) EX =),
D-alaninepeptidase°l] =& & AMEH o] Wala Qs A
Foboll Heksld AE ) XFe wetky AgEQY p
vulgaris, K. oxytoca & 13 $4 9] AEE0) 19 4

-

OD at 600 nm
)
@

10%4
14 7 1013 16 19 22 25 28
Time (hr)

NaCl 1% emee®%" =

OD at 600 nm
o
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Time (hr)

Fig. 1. The growth curve of bacteria at different NaCl concentration. A, S. aureus ATCC 25923; B, K. oxytoca ATCC 8724; C, P. vulgaris CM
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100 ]
90
80
¥ 707 | o-alaninepeptidase
s 60f cone.
= N
g 50r = | E?O(gnat/ml)
“ 40 %é %g 8200
30 1 |
10/ 1§ | B
S.awreus K.oxytoca  P.vulgaris P.vulgaris
CcM CCARM

Fig. 2. Survival of bacteria exposed to osmotic stress in presence of D-
alaninepeptidase. These figures are representative results among three
separate experiments.

T S, aurens®] AEE BTh AASHA Eed), ofd ol
= 2% 24 s O 4 o] HEEEEREY] &
EE AR AR g2r] gio)gl Bul16). M3t RAE P

K oxytoga ATCC 8724
A kanamycin alone
B: kan + p-alaninepeptidase

P. vulgaris CCARM
A: kanamycin alone
B: kan + p-alaninepeptidase
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vulgaris®) FAMA Tt wivd o) RS SRS
ek kg o] EE E7sty e H8she vk
NaCleo] 852 =)ol A p-alaninepeptidase”l] =& @ B¢ F i
FE A ¥iset AEEE BTh

o] A Aol thEh p-alaninepeptidase?] FEFS A
2P (disc diffusion method) 2 Lo}R1} p-alaninepeptidases}
FAAE A AP o) dyrdor 7o Rt (growth
inhibitory zone)”} Z7F&tSith(Fig. 3). 53] vancomycin (30 pg)
o 218+ P vulgaris CM, kanamycin (30 mg)°ll i3t K. oxytoga
ATCC 8724, gentamycin (10ug), K. aerogenes (SHV-1) 1976E
B9 4% dAle 2EIWSHAHTable 1). S22 F4A W
A @F 7128 S aureus CCARM, P ageruginosa CCARMS]
¢ p-alaninepeptidase Aol gt A 2] WS
AT 4 g0, gentamyeinoll WS AW P vuigaris
CCARM 52] 7% D-alaninepeptidase®t YA -89-S
o, gentamycin® B2 Ao AL OFE FAA ] stz
79 Aol XA AdAES BEsHT. wWebAl p-alanine-
peptidaseS 2|3k o] A 54 Wz o3 A F

N od o

P. vulgaris CéARM
A: gentamicin lone
B: gen + p-alaninepeptidase

P. vulgaris CCARM
A: vancomycin alone
B: van + p-alaninepeptidase

Fig. 3. Growth inhibition around antibiotic discs with/without D-alaninepeptidase. Five unit of enzyme was loaded on each antibiotic disc. There
was no growth inhibition occurred around disc loaded with only enzyme (data not shown). These figures are representative results among several

separate experiments.
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S. aureus

P. vulgaris CCARM

D-Alaninepeptidasel] 213+ Ald AEBe) FHeHg F7t 303

S. aureus
+ p—alaninepeptidase

P. vulgaris CCARM
+ D-alaninepeptidase

Fig. 4. SEM of bacteria exposed to osmotic stress in presence of D-alaninepeptidase. Left: S. aureus and P. vulgaris CCARM grown in medium
containing 10% and 5% NaCl, respectively (control). Right: Bacteria grown in medium composing respective concentration of NaCl and D-

alaninepeptidase (100 unit/ml). Arrows point out the malformed cells.

Fol el e ¢ 4 AN S=ZFMNTS P ovulgariss
ti=o] AR g) thate) A2 WA (intrinsic resistance)yS A4
T3S Bt ohel UlAS 53 gFe] 2% Wt A

o) ojg]go] w14, 25). WA P vulgaris’y Aglte] X7

&
Eo)7] % HWeto e A9} p-alaninepeptidaseE -8

Table 1. Growth inhibition of bacteria by antibiotics in presence of D-alaninepeptidase

Strain Antibiotics Growth inhibition (dia. in mm) . Remark
(AB) AB alone AB + D-alapeptidase®

S. aureus Gen (10 ug) 16.0 170
ATCC 25923 Kan (30 mg) 150 16.5
P. aeruginosa Gen (10 ng) 16.0 17.0
ATCC 27853 Kan (30 mg) NI NI

Gen (10 ug) 18.0 19.0
P vulgaris CM Kan (30 mg) 19.0 205

Van (30 pg) 14.0 18.0
K. oxytoga Gen (10 ug) 18.0 18.0
ATCC 8724 Kan (30 mg) 150 18.0
K. aerogens Gen (10 ug) 17.0 20.0
(SHV-1) 1976E Kan (30 mg) 15.0 16.0
S. aureus Gen (10 ug) NI NI van® clinical isolate
CCARM Kan (30 mg) NI NI (MIC: 0.5 ug/ml)
P, aeruginosa Gen (10 ug) 18.0 180 gen® clinical isolate
CCARM Kan (30 mg) NI NI (MIC: 128 png/mi),
P, vulgaris 1?::11 ((; 8 rLrll gg)) 22(1% 22‘;% gen® clinjcal isolate
CCARM Van (30 ug) 135 17.0 (MIC<0.5 pg/ml)

2 5 unit of D-alaninepeptidase loaded on antibiotic disc (6 mm in diameter). There was no growth inhibition occurred around disc loaded with only

enzyme {data not shown). ”: No growth inhibition.
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obAloll RIZEE S. aureus TF(ATCC )k oA VI o5
el P vulgaris CCARME 5% 2E# 29} p-alaninepeptidase
oA =27 ¥ #E FHE FARAAN R HEFnt
(Fig. 4) T2 Feloll & A7t S5 & 5 UAT S. awreus
2] 749~ p-alaninepeptidase”} §1= 10% NaClollA] A& T2 o
CAE 2 BYgE AW Ao HIEA NaClF  b-

alaninepeptidase®l] =& '7?% &5 AY AdsiE o) o
HAYAQY. P vulgaris®) 73-% p-alaninepeptidase®| =28 T&
& A7 AaHEAY FEo) o Aol A FTRIASE
£ 4 AUt WA p-alaninepeptidasel =¥ AltES p-
alaninepeptidase®l] 23t METWo] deksA AT AE# 0|
st U7 Folso] AREsoe] ARl Ade AL AlEH
Aot wWEbA p-alaninepeptidase 2 1§ Aldo) ALY B4
& A5y 2Ef2d UdsA sy, IHEEH o
alaninepeptidaseS W-8-31A AMFte] F ozl Ao chs}ed
ZE8 FYEAE 7OE F Qo] FAAE FA ARSI
Az &35 7190 = U Aol E3] P vulgaris CCARM
e AU a9 24 ATl gt o] Aol & <
ezt 2o ey B4 QA ol &2 AFHY 4 Sl
p-alaninepeptidase® W/FH 0T 83l GAo B3 ALY

A Al (enzyme-antibiotic linked specific delivery system) % °F&
E8) 7 (pharmacodynamics)”+ &= ojef & Ho|},

HA| =
o] AT 2002l FESE ATAFFRTOZ o) Tl

o0&
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ABSTRACT : p-Alaninepeptidase Increases the Vulnerability of Bacterial Cells to Osmotic Stress and

Antibiotics

Jin Sue Song and Young Nam Lee"* (Division of Life Sciences, College of Natural Sciences
and 1Biotcchnology Research Institute, Chungbuk National University, Cheongju, 361-763,

Korea)

p-Alaninepeptidase purified from Bacillus amyloliquefaciens CMBO] caused a reduction of survival of Proteus
vulgaris, Klebsiella oxytoca, and Staphylococcus aureus placed under the osmotic pressure. p-Alaninepeptidase
caused an increase of susceptibility of bacteria to antibiotics. An increased number of malformed cells in bac-
terial groups exposed to p-alaninepeptidase was observed by scanning electron microscopy. These data sug-
gested that bacterial cells exposed to p-alaninepeptidase resulted in an increase of vulnerability of bacterial cells
toward environmental stress, such as osmotic pressure and antibiotic substances.



