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Klebsiella pneumoniae is found in the normal flora of the skin, mouth, respiratory tract, urinary tract,
and intestines in human. However, the stain is opportunistic pathogen, which is the causative agent
of community acquired pneumonia. Corn silk has been known to be effective for antimicrobial activity
against pathogenic bacteria, including K. pneumoniae, Staphylococcus aureus, Bacillus subtilis, Shigella
spp., Salmonella spp., Escherichia coli, Pseudomonas aeruginosa, et al. In this study we focused on the anti-
microbial properties of con silk water extract of K. penumoniae. K. pneumoniae isolates K. pneumoniae
ATCC 13883 and broad-spectrum {-lactamase (BSBL), exteded-spectrum [-lactamase (ESBL), carbape-
nemase-producers. Antimicrobial susceptibilities were determined by the disk diffusion method.
Searches for bla genes were performed by PCR amplication and direct sequencing. MacConkey agar
plate medium was prepared using the corn silk extracts (50% or 100%) instead of distilled water for
antimicrobial activity test. The microbial growth inhibitory potential of K. pneumoniae was determined
by using the MacConkey agar plate spreading method, and the plate was incubated 18 hr at 37TC.
Genes encoding B-lactamases including SHV-1 (n=8), SHV-2a (n=8), SHV-5 (n=2), SHV-11 (n=2),
SHV-12 (n=18), TEM-1 (n=10), CTX-M-3 (n=2), CTX-M-14 (n=2), CTX-M-15 (n=1), GES-5 (n=5), KPC-2
(n=6), KPC-3 (n=4), and NDM-1 (n=2) were detected. The corn silk extract showed significantly anti-
microbial activity against K. pneunoniae ATCC 13883, but BSBLs, ESBLs, and carbapenemase producers
were not. Therefore, corn silk extract is thought to be able to assist in the prevention and rapid recov-

ery of infectious disease caused by K. pneumoniae.
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B-lactamase (ESBL)$l SHV-2a (n=2), SHV-12 (n=5), CTX-
M-14 (n=1), CTX-M-15 (n=1), CTX-M-33} SHV-12 5 A 44
FF(n=2), CTX-M-149} SHV-12 TAHA #F(n=1)% 2™
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Table 2. Primers used for the detection and sequencing of this study

PCR target Primer name Primer sequence (5" to 3') Reference
blatem TEM-F ATG AGT ATT CAA CAT TTC CGT

TEM-R TTA CCA ATG CTT AAT CAG TGA

(20]

blaspy SHV-F CCG GGT TAT TCT TAT TTIG TCG CT

SHV-R TAG CGT TGC CAG TGC TCG
blactxm (CTX-M-1 cluster) CTX-M-1F CCG TCA CGC TGT TGT TAG G

CTX-M-1R GAC GAT TTIT AGC CGC CGA C
blacrxm (CTX-M-9 cluster) CTX-M-9F GAT TGA CCG TAT TGG GAG TIT 3]

CTX-M-9R CGG CTG GGT AAA ATA GGT CA
blaces GES-F GTIT AGA CGG GCG TAC AAA GAT AAT

GES-R TGT CCG TGC TCA GGA TGA GT
blaxec KPC-F GTC ACT GTA TCG CCG TCT AGT TC

KPC-R TGG TGG GCC AAT AGA TGA TT
blacyy (CMY-1 cluster) CMY-1F CAA CGA CAA TCC ATC CIG TG

CMY-1R GAG CCG GTC TTG TTG AAG AG

2]

blacmy (CMY-2 cluster) CMY-2F AGT AAG ACG TTIT AAC GGC GIG T

CMY-2R TTA TGC ACC CAT GAG GCT TT
blanpm NDM-F GCC CAA TAT TAT GCA CCC GG

NDM-R CTC ATC ACG ATC ATG CTG GC

pmole)E Tag DNA polymerase 1 unit/10 pl, 2X reaction buf- Bt CMY-1, -2 9 FOX-1& A3t A2 ampicillin,

fer, 4 mM MgCly, enzyme stabilizer, sediment, loading dye,
pH9.0¢] 05 mM 7} dATP, dCTP, dGTP ¥ dTTP7} 3%
2X Prime Taq premix (Genetbio, Daejeon, Korea)l &3}3}¢]
Gene Amp PCR System 9600 (Perkin-Elmer Cetus Co.,
Norwalk, Ct,, USA)2.2 94T el 4] 3027t denaturation, 60T
ol A 303t annealing, 72°C 9l 4 3043t extensions 303] ¥t
5 A AT. SEAHE 3 ulE 1.5% agarose gel (Seakem
LE agarose, FMC Bioproducts, MA, USA)ell 20%3t 21719
stof SFA=] € Yt PCR SF42< -ir
o] A sequencease version 2.0 DNA sequenicing kit (US
chemicals, OH, USA)E o] &3t A FHFo s H71A
EREELY
zZ

FH L+
s 8 #AT Ade S E ampicillin, cepha-
lothin, cefoxitin, ceftazidime, cefotaxime, ertapenem 2 mer-
openemdl| & A A HAE AP T RELT
2 AHEH E. coli ATCC 259229} K. pneumoniae ATCC 13883
ampicilling Agd ZE JdAd AFHE BIoH
TEM-1, SHV-1, SHV-11 5 BSBL® A4 3l: #3E ampi-
cillin?} cephalothin ?%]"—\ELZHE‘ Ao e A g

A

> o
=

Q.
=

cephalothin ¥ cefoxitin]l WA <& X3 SHV-2a, -5, -12 2
CTX-M¥ ESBL& A4 st= ¢+ ampicillin, cephalothin,
ceftazidime, cefotaxime 5o WA & B th x£3 KPCH
NDM-18 & A A ste= Al ertapenem meropenem 3+
A 5o WAEE EY I GES-58 At M2 ertape-
nem FANE W8S EH 2 meropenem A& 7
TR FH Tt (Table 1).

AATFO LHMESE
SHV-2a, -5, -12, GES-5, CTX-M3d 2 KPC# pB-lactamaseZ
st Met2 class A ESBL A o1 H &2lS 93 DDSA
goll A 25 FAESE RY T GES5, NDM-1 2 KPCH B-
lactamase A% M ¥ carbapenemase A4 o #& &<l3t
carbapenem 0235 o] 43 Hodge HHAIFAA &t
H$ o NDM-1 4415+ EDTA$ carbapenem Tl
3E o] &3 MBL A4 FE Fldtes AFAA FATE
H G TH(Table 1).

el

blacrxmas (27F), blum_M_l5
blaxpcs (45°) 2 blanoma (2



F)ol FAHALH blacwya? blacwy2 FrAAE AEH AT
(Table 1).

S5 ZEA0| ERE HiXQ ErEat

ANgg 9Jstel Add AFEL BFFF, BSBL A FF,
ESBL A5 9 carbapenemase A #F 5 47] 152
THIAOH RETTE AYT ¢FES BF GHAA £
g8 gt B ATE st 4 IFHE fgHE A
o &l McFarland No. 0.5¢] B0l A ztz+ 10°4) ¢k 10*4)
5|4 3tel 33 WHEAY ST

A3 giol B FFFTE E coli ATCC 259229 K.
pneumoniae ATCC 13883019 F 5 7H&H K. pneumoniae
ATCC 13883 & Alzd WA AAN S4HHA G} S5
F29 AzAd A Fegel de AR AU
(Fig. 1).

438 & 98 #39 75 7k BSBL A4 FE SHV-1
£ A48k KSK15102 15 %ol ¢lth. o] A3 ampicillin,

0ok
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cephalothin®ll W4, ceftazidimed| &7t/ ©] 3L cefoxitin,
cefotaxime, ertapenem, meropenem % imipenem %A ]
dede oy s F2d AR de FeAds B
o] A ¥ h(Fig. 2A).

ESBL= A4ehs ¢FE 25 10500t o] 52 SHV-12
R #F 7} 5F(AJK05004, AJK05008, BDK05003, BDK05007,
KSK15105)0] 913 CTX-M-14 (AJK05011), SHV-2a (AJK05019)
gl SHV-2a%} CTX-M-14 & 44 (KSK15103)¢ 7t 2+ 15-©]
Qo™ SHV-128} CTX-M-3 FAAA#F 5 25 (HYK05001,
KSK15106) 1%t ESBL A4 ¢+ ampicillin?} cepha-
lothindl] =5 WA ]9 1 ceftazidime &-& cefotaxime &+
Al 7beEl sl WA Bom A Al (KSK15103,
KSK15105, KSK15106) ertapenem 340 14 & 1o]7]
% s} th(Table 1). ESBL 84 K. preumonises &35 729
AzwAdA ZedE B dF= AT (Fig. 2B).

CarbapenemaseE A st ¢+ 7 1770|900 ol &
< GES-54 4+ 57} 55(BDK07044, BDK07057, BDK07242,
BDK07254, BDK07274)0] %131 65+(UKP12005, UKP12006,

Mac + CSE free

Mac + 50% CSE Mac + 100% CSE

Escherichia coli® X10°

Escherichia coli® X10*

Klebsiella preumoniae® X10°

Klebsiella pneumoniae® X10°

Fig. 1. Growth of colonies of E. coli ATCC 25922 and K. pneumoniae ATCC 13883 from spreads plated by the plate spreading method
on the MacConkey agar with/without corn silk extract. Two dilutions (10° and 10%) of the spread inoculant were incubated
at 37°C for 18 hr. Mac + CSE; MacConkey agar with corn silk extract, * Escherichia coli ATCC 25922,  Kiebsiclla pheumoniae

ATCC 13883.



1404 BB UPIX| 2015, Vol. 25. No. 12
A 1200
1000 -
g
= 8004
3
5]
>
=
S 600
=]
[&]
400 - E\}_/—I//E
200 r T T T
0% 25% 50% 100%
Concentration (%)
C
1200 -
< 1000 -
c
3
O 800 4 %
>
c
s}
G 600 ~
O
400 ~
200 ?//5\5\1
0 T T

T T
0% 25% 50% 100%

Concentration (%)

Colony Count (n)

Colony Count (n)

1200 -
1000 -
800
600

400

p —t—+—=

100%

200

0% 25% 50%

Concentration (%)
1200
1000 -
800

600 -

400

{\f"”‘\i

T
100%

200

T T T
0% 25% 50%

Concentration (%)

Fig. 2. Antimicrobial activities of corn silk extract in K. preumoniae isolates. A) BSBL producer, B) ESBL producer, C) class A carbapene-
mase (KPC, GES-5) producer, D) class B metallo-B-lactamase (NDM-1) producer.

UKP12007, UKP12008, UKP12009, UKP12010)%= KPC-2, 45
(UKP12001, UKP12002, UKP12003, UKP12004)E KPC-3, 25
(UKP12110, UKP12111)= NDM-1A8A #FFo|9l o &4

=TT
zzdoz Azd WAGE F5EAS Rolx 4Th(Fig 2C,

2D).
7 %
ST HE o] &8 pet-ether, chloroform ¥ methanol

S 714l FEE% flavonoid glycoside FE &2 W U4
| &1 Bacillus cereus, Bacillus subtilis, Staphylococcus aureus,
Pseudomonas aeruginosa, Enterobacter aerogenes, Salmonella ty-
phi, Salmonella paratyphi, Shigella sonnei, Shigella flexineri,
Proteus vulgaris, Proteus mirabilis 5o Fw&o] 9l 202

A Anie]. 1Y 771 &HE o8 SFFTFd FE
=9 dubA Rl A &2 v oP I A= Zotiy] PE
=

£ dTdAe dubd e g Har] 4 F80] 7Hsd FH
o Sl FEIYE o) &5t AGAE FHHE e Fa
2l K. pneumoniae®] 03 58 HApqRE AP
K. preumoniae®] ZwtAl W3S 7142 Ao thad 7k
23lso] e a2 A4, AEIT Tl (outer membrane

protein)®] ¥}, A o] W g Hg® Wo|, f&
H 2 (efflux pump) 9] FFLH 5 HELH 7]H- 0] 9lon o
7hEl M F8G 1AL he Aol mEtA £ AT
o el © K. pneumoniae= ©] #o] AAsE T8 Th
B-lactamased] £F o Wt 45 YA L= TEZFF,
BSBL A4+, ESBL 44 v+ % carbapenemase A4
2 TE3A T (Table 1).

WA EEFF K pneumoniae ATCC 13883 #F+& &5
TT9 F290] 50% FFH FHuA A Feo] WHE A
%okTh ol & ot FAld kEHA 41 WAEe 58
A g AGAE H-@ e Ul K preumoniaed] A%, &5

TE FEd B A A€ 77 F AT (Fig 1)

BSBL A #F° SA-& 3Altl cephalosporin, mono-
bactam, carbapenemZ F#AE A& penicillinAl, 14 o
cephalosporin @Al ol WA S Z2t& Al o2 TEM-1, 2%
SHV-1, -11 59 f4F AAste Add W< Bl &
ATFE A3l #3% ¢F 7hedl BSBL B8 ¢ FE blasava
A7AE B A3 KSK15102 #5911, o] Ald& penicillin
A A ampicillin® 1A th cephalosporin &+ A &1
cephalothin®] W73 ] 13 3Ath cephalosporin &+ 4| ¢l cef-
tazidimedl FHU4, cefotaximedls ZFAS HYoH

cephamycinZ 3+ A Q] cefoxitin® carbapenem |l 334 ¢l



ertapenem, meropenem ¥ imipenem Al A&
%A TH(Table 1). BSBLS A/ 8t= KSK15102 ¢ &

d F=9 0% 25%, 50%, 100% T WMAd #FE Mc-
Farland No. 059] Bt5 o)A 10° 343 25, 27k 53 967
7N, 67470, 64878 2 83971 = I H A1 10 347 A
2472k 55t 3137W, 2727, 29270 3 34470 2 Q1= of BSBL
AaFe S55d 7294 g4 s BolA &
WSt ThFig. 2A).

ESBL A4 ¢+ 542 cephamycin®} carbapenem| &
FAE AT BE BlactamA Aol WEE Bole L
2 BSBLE A191& TEM¥, SHVE, CTX-M¥ 59 &47} ©|
of £3o}[8]. & ATE A +HE SHV-12 AT+ 5F
(AJK05004, AJK05008, BDK05003, BDK05007, KSK15105),
SHV-2a A A 77 (AJK05019) % SHV# 3% CTX-M¥ ESBL<
SAA4 77 (HYK05001, KSK15103)= 2% ESBLY 437
A EAE 7ML e CTX-M-14 A4+ F(AJK05011) =
<l cefotaximase?] 574 < H G TH(Table 1). 345t ©]
= 2 7h9H AJK05004, BDK05007 2 KSK15105 7%=
cephamycin 1A %l cefoxitin®l & WA o] $1 21 AmpC B-
lactamase A FE &2 + Y& PCRAA SAE S
Hof ofd gt F7pAQ] A7V 282 Aoz A4En. &
& BDKO050073 KSK15105 &5+ carbapenem &+ #Ql er-
tapenem®] W& H 9 3 KSK15105 ¥ 5 meropenem Ui
3, imipenem®] FHA S Eth o] #Fo tal carba-
penemase A4 FFe S 3 modified-Hodge A%
EDTA synergy A& ollA 54%H&& BT carbaepenmase
A FA4 &S ¢ PCRAME 4SS B o]
757} chromosomal AmpC-B-lactamase?] ZHZFHYAH 52
ESBL A8 3 A Az e] ofuto] EAJ3tE porin £4 0
A AR FFHUTH17]. & A9 thAtol € ESBL 4
AHFE in vitrool A ceftazidimeo] &4¢] 9= SHVE
cefotaxime®] &4 ¢] Y= CTX-M¥ o] AAHHAU. o] & 4F
T SFFFE F2Y 0%, 25%, 50%, 100% T Ao &5
£ McFarland No. 059 B-=o|A 10°0) 343 A9 zhzh
B3t 9627, 71870, 6577) 2 85970 = el = a 10') 84

5

o

(M >

ey

S, 47t Wt 39170, 47470, 46870 2 461702 231 H of
ESBL A #FE ST757H FE29d e & BolA ¥+
A2 YEstt(Fig. 2B).

Carbapenemase 443 ¥ 5~ penicillinA], cephalosporin],
monobactamZ| ¥ o} 2} carbapenemA A& 7t E 3]
d F Je G4 class A B-lactamase®] GESE ¥ F-9} KPC
& 9 class B B-lactamased] IMP¥, VIME, NDM3 59| 3
22 £ A+E 98] 43 carbapenemase 175 7}H|
GES-5 A4 #3-(BDK07044, BDKO07057, BDK07242, BDK
07254, BDK07274)= E.F ampicillin, cephalothin, cefoxitin,

ceftazidime, cefotaxime, ertapenem, meropenem % imipe-
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nem Ao F3F Z& WA O UL blaess THAHE ot
blasavaz FAAE B3t AW blacya FAAE FA
o Bf¢ #F(BDK07274)% AU Th KPCH carbapenemase
& AAsE 39 4L ampidillin, cephalothin, cefoxitin,
ceftazidime, cefotaxime, ertapenem, meropenem % imipe-
nem F A 7 5L WAoo o5 BF KPC B-
lactamase 9ol TF2 B-lactamaseS FA o AA AT =35
KPC3E At #F5S EF meropenem? imipenem
G ZHAS B chTable 1) NDM-1 AH#F 78
H UKP12110 #5FE CTX-M-15 ESBLE &A1 ol A ste] =
NEFFEA N WS 2AT UKPI21TFF+ ceftazidime
I} cefotaximes A3 BE AFIHFAd Y& BT
2 A7 el E class A carbapenemase A4 ¥
GES-5%, KPC2¥ % KPC38 Soldith o5 #7+&
FA FEA 0%, 25%, 50%, 100% T WA o FF
Farland No. 05¢] Bl A 10°8) 343 2%, 22t J& 755
7N, 69270, 68770 2 66270 = A G 10" 347 H S,
47 4t 22070, 29070, 23670 2 206702 &A=t Class
B MBL A8 75+ NDM-130|d =t o5 #F& &

d FEE 0% 25%, 50%, 100% S iAo

M

Zkzk B4t 30670, 2837H, 3227 2 24470 & 31 ¥ o] carbape-
nemase AR FFE SFFFH FEH FEAE BolA ¢
= Aog YeythFig 2C, 2D).

B AT A% duitH oz $8o] 7Med §545H FF
A YelA oA =28 FA W95
nige® Of$t 2+ HolA FA T A G A
2 F AE K pneumoniaedl| &3 HF Fole &3]
#7} Qe Ao FAHAT.
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Klebsiella pneumoniae= A7+9] 3%, 77, &7, 8=, F# ToAA It oz et FAAFolth. 844
T AGAE RS HY e F8 ddo] HE VA ETE s SEFFdS K pneumonzae, Staphylococcus
aureus, Bacillus subtilis, Shigella spp., Salmonella spp., Escherichia coli, Pseudomonas aeruginosa & H974 Aol o
dl Fa2Aol e AR ¢HA Yo B dFdAE SFFTFE #5949 K preumoniaed] hE Fd5S &
st stAth. ol 918 K. pneumonize ATCC 13883, broad-spectrum B-lactamase (BSBL) A4 ¥, ex-
teded-spectrum B-lactamase (ESBL) A4+ % carbapenemase 43¢ 5E FH3 At &4 244
O3 S E Agstal WAFHAE PR 553 @714 E B4 S B8 Sdatint. =3 &84 A
Adte] Srard w592 0835t MacConkey agar 3 #Hj 2 (50%, 100%)E A &3tR L #F57 B4 A
geletr] st Azd WA o K pneumonines B HET 3 37T 27| A 18A3F5 <t Wl sttt 3
K. pneumoniaer= SHV-1 (n=8), SHV-2a (n=8), SHV-5 (n=2), SHV-11 (n=2), SHV-12 (n=18), TEM-1 (
CTX-M-3 (n=2), CTX-M-14 (n=2), CTX-M-15 (n=1), GES5 (n=5), KPC-2 (n=6), KPC-3 (n=4) % NDM-1 (n=2)<
B{sta Ak Aol AH8E K. pneumoniae 5 7F- K. pneumoniae ATCC 13883 o il &4 <]
AR o BSBL, ESBL ¥ carbapenemase 4450 it &4 FAdT &= it gA 5544
2942 K pneumoniae] 3 AGAI LS FHF dis SR 22 & F US HoE A4HT
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