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ABSTRACT

Development of species—specific PCR method for

detection of Acinetobacter species

Li, Xue Min.
Advisor: Prof. Sook Jin Jang, M.D., Ph.D
Dept of Bio New Drug Development

Graduate School of Chosun University

Background: The accurate identification of each species of
Acinetobacter by biochemical identification methods is very difficult.
Even by 16S rDNA PCR sequencing, many species of Acinetobacter
could not be differentiated because of high sequence similarity among
them. The aim of this study is to develop species—specific PCR
method for identification of frequently isolated Acinetobacter in
clinical specimens.

Methods: The A. calcoaceticus—, A. baumannii—, A. pittii—, A.
nosocomialis—, A. Iwoffii—, A. ursingii— and A. bereziniae—specific
PCR primers were designed based on the nucleotide sequences of
rpoB gene using PrimerSelect program. The specificity of these
primers were investigated with the genomic DNAs of 19 reference
strains of Acinetobacter species and 15 reference strains belong to
genera other than Acinetobacter. To obtain clinical test strains of
various species of Acinetobacter, 293 Acinetobacter strains identified

by Vitek 2 automated system were further identified to the species



level by molecular method. By performing gyrB Multiplex 1 PCR for
the detection of A. baumannii and A. nosocomialis developed by
Higgins, we detected 210 strains of A. baumannii. The remaining 83
strains were further identified by 16s rDNA sequencing, and rpoB
gene PCR-—sequencing. Previously identified strains of 89
Acinetobacter clinical isolates and 293 Acinetobacter strains
identified in this study were used for evaluation of Acinetobacter
species—specific PCR.

Results: The species composition of 293 Acinetobacter species
identified in this study is as follows: 210 A. baumannii, 62 A.
nosocomialis, 4 A. pittii, 1 A. calcoaceticus, 4 A. junii, 2 A. johnsonii,
3 A. Iwoffii, 3 A. bereziniae, 3 A. guillouiae, and 1 A. radioresistens.
The sensitivity of the A. calcoaceticus—, A. pittii—, A. nosocomialis—,
A. Iwoffii—, A. ursingii— and A. bereziniae—specific PCR were 100%
and the sensitivity of A. baumannii—specific PCR was 98.9%. The
specificity of all the PCR methods including A. calcoaceticus—, A.
baumannii—, A. pittii—, A. nosocomialis—, A. Iwoffii—, A. ursingii—
and A. bereziniae—specific PCR were 100%. A. baumannii— and A.
nosocomialis—specific PCR primers detected 10—fold lower genomic
DNA than gyrB Multiplex 1 PCR primers. In addition, A.
calcoaceticus— and A. pittii—specific PCR primers also detected
10—fold lower genomic DNA than gyrB Multiplex 2 PCR primers.

Conclusion: These results revealed that the A. calcoaceticus—, A.
baumannii—, A. pittii—, A. nosocomialis—, A. Iwoffii—, A. ursingii—
and A. bereziniae—specific PCR would be useful for the detection of

Acinetobacter clinical isolates at the species level.

_Vi_
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a4, QA 9 FHTE dove AL HATAAoI ().
HAA7MA] 718 Acinetobacter 4 (family)ell &&=

TES 27%F (http://www.bacterio.cict.fr/a/acinetobacter.html) ©] 1L ©] 2]o| %=

DNA-DNA hybridization W= 5%+ genomic species(genomospecies) =

11F°] Stk (2). 7oA A, calcoaceticus (genospecies 13), A.

baumannii (genospecies 23), A. pittii (genospecies 33) % A,

Aog WHSHA AvEol

4y

nosocomialis (genospecies 13 TU)+ 474
NAAA  ddHow AAEAA AgstE 2dFE WHEET

(-

3T &
ojHt}, A olE #FES A. calcoaceticus—A. baumannii complex
(ACB complex) 2+ o2 FHolA A&} (3).

A. baumanniiZ} obd W& dEFE0] HAHA A3 AH Tt AR

gout 159 ATe oby EYsH drh oy FEol d o
A Aol AT QA AP FAFowA WEel AR TA]

$38l °l=S A. baumannii 7% S Z5FE FE okt sl (4).

UAAA QL HAFA A &3] 2231 = API 20NEY Vitek 2, Phoenix %
MicroScan Walk—Away &2 7124 9 Aw3td vdE &4 Fv)7) ol=
TFES FEHA E3F9] ACB complexel|l &3l 25%9 Acinetobacter
5 A. baumannii® 23 5733k SIth(5).

olgfgt BAHFA FAHY A wEe uYdd FABESE #F
FdHo] JiEe] gty 1 %5 DNA-DNA hybridization¥ amplified
rRNA restriction analysis(ARDRA) &} #2 #AAEETH 7H&2S
el wol Festa dmol oy dAFOoRE 79 2ojx g

At} AMdes F= FFo0F EH3= d DNA-DNA hybridization®] 3%



an}

0] golden standard® AFE%H+E 16S rDNA A7) A An] w0 H9|

it o7 AMg¥E 3t kA9, Acinetobacter % %2l 16S rDNA
A7z AdEAdel wg 27 wEl 16S rDNA H7|N g
AL Acinetobacter 52 HE TE T4+ A3 oHu. HE

RNA polymerase beta—subunit gene (rpoB), flanking spacer regions,
165—23S rRNA gene spacer regions® AA7|HGEH S o] L3¢
Acinetobacter % & FvOo2 §43tc WHol A=l $i(5). A.
baumanniig 3X3YSt Acinetobacter genomic species’} = Q38F Wl o=w
S7Fta Q7] wEel HE AFES AFEAAUE A e Foks
T Qlth olyst WHE FoA rpoB’} Acinetobacter &S EESH
thket Mt #Fe ERetA ERek sl P /&% =9 F shuE
AAX I A4, 6).

Acinetobacter #%=% rpoB 3{AA7IMEE 16S rDNAAHT F3He]
AE/do] =S conserved region¥ As/do] ®o]x|i= variable region©]
w2 EASH7] wlZel, variable region® HAFAVIALES vl WA 5o
Acinetobacter & sA4dt= d o842 & Stk AR, dAAFow
AAPA oA olgfst WS o]&etr]odl= AIZHE 2 AAA Aste] Qlrh
AAAA AR Al HEYH FolA dAdelA vlwd A A Aol A
A& o] 8d = gl WS ANk PCR7IYolth I8 BE, 2 Aol
AelA FE= @ol AFHHUAE FhHo] 52 ACB complexel| &3k
471 Acinetobacter 1% (A.  baumannii, A. calcoaceticus, A.
nocosomialis, A. pitti) 3 A. Iwoffii, A. ursingii, A. bereziniaeE

s5t3 JHS) ET + Y& F-50] PCR Zefolv 2 st



Pt #F

1. W
2 AFeAM e 34579 FHudTet 38259 YATEATE Udo=R

AT % 34579 FHudFES uUS¥ 2. Acinetobacter

baumannii KCTC 2508T, Acinetobacter calcoaceticus KCTC 2357T,

o>

Acinetobacter haemolyticus KCTC 12404", Acinetobacter johnsonii
KCTC 12405, Acinetobacter junii KCTC 12406", Acinetobacter
parvus KCTC 12408", Acinetobacter schindleri KCTC 12409,
Acinetobacter ursingii KCTC 12410", Acinetobacter baylyi KCTC
12413", Acinetobacter grimontii KCTC 12416", Acinetobacter tandoii
KCTC 12417%, Acinetobacter bereziniae KCTC 12683, Acinetobacter
guillouiae  KCTC 12684, Acinetobacter soli KCTC 221847,
Acinetobacter Iwoffii KCCM 40172, Acinetobacter gyllenbergii CCUG
51248", Acinetobacter beijerinckii CCUG 51249", Acinetobacter
nosocomialis CCUG 61663", Acinetobacter pitti CCUG 616647,
Aeromonas hybrophila KCTC 2358", Vibrio fluvialis KCCM 40827,
Vibrio vulnificus KCCM 41665, Vibrio mimicus KCCM 42257,
Staplylococcus —epidermidis KCTC 1917', Salmonella pneumoniae
KCTC 1925", Shigella sonnei KCTC 2518", Staplylococcus pyogenes
KCTC 3208", Staplylococcus aureus KCTC 29213", Escherichia coli
ATCC 25922" Enterococcus faecalis ATCC 29212, Enterococcus
casseliflavus ATCC 700327, Klebsiella oxytoca ATCC 700324",
Klebsiella pneumoniae ATCC 700603", Pseudomonas aeruginosa
ATCC 278530t} QAR #FE= 2004 © 4€9HE 20124 49744
ZAdsta Hde] @ HAelA 2H"E o5 F Vitek 2 GNI
card (bioMeriex Vitek Inc., Hazelwood, Mo., U.S.A)HA A

Acinetobacter species@® 4% YAFZ T 38275 Aoz st



Acinetobacter %52 XRaodT FiudT 2 IAEHALTES LB
]_

brothell HFato] 37CelA 243t wijkate] AFg-shltt.

2. A<t A3 DNA9| F=

At wleke) 1.5 mlE 10,000 x g AHHE o]&ste] st
G-spin'" A% DNA Extraction Kit(iNtRON Co., Seoul, Korea)Z
o] &sto] AZ3|ALS] A Ao wet Al A DNAE FE38It =
T8 AMftell 50 w19 Pre—incubation solution®} 3 x19 lysozyme
solutions Yl Z &3t tf3 37ColA 1A §<F vjekstsitt. o 7]
250 18 G-buffer solutions Wil & ZFs § 65TolA 1583
HH-S-A171a1, 250 w19 Binding solutions ¥1 #F =33 o
vortexingatdth. o123 cell lysatesE G—spin' " columndl] ¥ i 10,000
X gOﬂH 1527 AAEY 3+t Columnel 500 x12] washing buffer AZ

I oA 1 AR ekelk of7]ell 500 p1°] washing buffer BE
I3 oAl 187 AR s, G-spin' Y columne A EE eppendorf
tubeo] 21 100 x1¢ elution buffers Y1 133 Ao HAst &
10,000 x gollAl 1%k A4le sto] Al A3 DNAE FEsi8la, ol&
4Ce] Bysto] ths Aol A&kt

3. TAESA WRlE ol &3 d¥dTES A

Vitek GNI card® Acinetobacter species@ T4% JAEIAF
2937+ wAAEETA wHo R At =, 4 AR dTEETH
gyrB AdREES FE3+= gyrB Multiplex 1 PCR(EEFAHE 294bp,

0[

490bp)& Al&ATH(T). olwl] AL o= sp2F(5° —GTT CCT
GAT CCG AAA TTC TCG-3 ), sp4F(5° —CAC GCC GTA AGA
GTG CAT TTA-3 )¢ spd4R(5° —AAC GGAGCT TGT CAG GGT
TA-3" )eoller, ol PCR A2 thad 2tk x7] WAL 94ToA



w1 A, WA 94T, 1), AR(60T, 1), " AI((T72T,
1) 8 Al H8S 253 RbEsta, F7HA<1 F3(72T, 7)== AlBstelh
9 gyrB Multiplex 1 PCR A¥ oM A. baumannii® B89 4552 4
ol HAE R&ekA] dth. A. baumanniiZt obd THE Acinetobacter
FTox WE 4T otHet 22 AAME o XyEsith 16S rDNA(oF
1.4kbp) % rpoB AFF(350bp)S FFHsk= PCRS Al&eITHE, 9).
olwf 16S rDNA® T&= 93 AR Zefolm= 27F(5 —AGA GTT
TGA TCM TGG CTC AG-3" )¢ 1492R(5 ‘-TAC GGY TAC CTT
GTT ACG ACT T-=3" )olglen, ojuf PCR =312 Yad &k =7]
WAL 94CellAl 53F A3y, WA 94T, 1), A3 (55T, 30%),
9 A (72T, 45%)9 Al AAFE 308 wbEsta, FUHHQ FR(72T,
108 & Adedtt. rpoB dFEe FEFES Sl AFES Zgpolm=
696F (5 ‘—=TAY CGY AAA GAY TTG AAA GAA G-3 )%
1093R(5 ‘=CMA CAC CYT TGT TMC CRT GA-3 )olqlt}. olu
PCR & o533 2tk %271 WAL 94ToA 583 A8
WA (94T, 30%), AF(B6T, 30x), H AF(72T, 1Y A A
353 HkEeta, F7FAQ (72T, 10+ & Aldstith

PCR
PRISM 3730 DNA analyzer(PE Applide Biosystems, Foster, CA,
USA)E co]&3te  EAIE 3|4k (Solgent Co, Daejeon, Korea) el
ANV D RS ekl o5 #4138 A7 DE v HEA LA
AlFsk= Blast A4 ZEIHS ol&ete] At F& BASIT. o,
71&°] Acinetobacter spp. YwdT 8 g0l 98%cl FolHA AsAdol
7MY S AEHoE TSI

1?41 o] Ao ¢ EAAESHH W (gvrB Multiplex 1 PCR,
16S rDNA PCR, rpoB PCR)SZ TAY IAEHAT 89FE ¢

AbgsLETE 1 8959 HF E¥E A, baumannii 54, A. calcoaceticus

ol\
_IH~1

ZAE-2 Dye Terminator Cycle Sequencing Kit 2F ABI

65, A. pittii 55, A. nosocomialis 27, A. bereziniae 14, A.

gyllenbergii 45, A. junii 35, A. ursingii 1572 745t}



4 FFERANNS Terolvle] M B A A

GenBank®] d©|olE #|o]|A~o|A A, calcoaceticus, A. baumannii, A.
pittii, A. nosocomialis, A. urisingii, A. Iwoffii @ A. bereziniae2] rpoB
ANA7IMNGSE Ak ol HAAVINES MegAlign  HFH
2273 (Lasergene, DNASTAR Inc., Madison, USA)S& ©]&3}¢]
eSS BAER( I, A, calcoaceticus, A. baumannii, A. pittii, A.
nosocomialis, A. urisingii, A. Iwoffii X A. bereziniae®l rpoB
AT ES wEO® &L, PrimerSelect 2~ =713  (DNASTAR
Inc)S ©l&3ted A, calcoaceticus, A. baumannii, A. pittii, A.
nosocomialis, A. urisingii, A. Iwoffii W A. bereziniaeS %% + S+
PCR =glolw &S Z+zt AASte]  Acal-F¢ Acal-R, Abau—-F$}
Abau—R, Apit—F¢ Apit—R, Acon—F2 Acon—R, Aurs—F% Aurs—R,
Alwo-F¢ Alwo—R % Aber—F¢} Aber—-RZ W33 tH(Table 1). ou
AAE primer *2 Bioneer$AF(Daejeon, Korea)©l| 2 3le] o]
B A skt

5. Acinetobacter F—509°|%4 TIdaALAYug 3Zz}o]

v F-BolE % WPE 33

kel Al AA "9l A#E A, calcoaceticus, A. baumannii, A. pittii, A.
nosocomialis, A. urisingii, A. Iwoffii W A. bereziniae 3% % 4 &
$st Acinetobacter &—5°]% PCR Z#o]H¢ F-5o|x 4 WAEE
=st7] Sel ARER dFES v 2t = Acinetobacter 4ol %3t
19F° XEFdT% Acinetobacter’} obd ©E Fel &3 Ao

HudF 15, & AFoA BEANEESE sAHORE FHH 29359 o]A
AGeA] EAYESH WHor FAE JNEIAALT 89F T 416

AHg3tslet.

A. baumannii—specific PCR, A. calcoaceticus—specific PCR, A.



pittii—specific PCR, A. nosocomialis—specific PCRAIA = $19] 4165%
tt HAAFelY] F-Eolx W wAEE ZAsYY. A, Iwoffii—specific
PCR¥} A. ursingii—specific PCR, A. bereziniae—specific PCR<
T-50l: 9 WHEE SAY v YAEET FE 4 dF S Uiste
TTEs B 4158 Ze5d5749 JFadsdT 4FE 3 T 76FE
AAFstel 7 el

Acinetobacter & —5°]% PCR xglo]H & o]&3st 7 PCRO HAXLE
grolj 7] 9l&l gradient PCRE& Al3skqitt. 52T-72TC9 =% W=
Algg & HAe] AYdREE
Agsksith. PCR HHE &3t AccuPower PCR PreMix (Bioneer,

Daejeon, Korea) 9| template DNA 2ng, forward primer (10pM/ ¢1) 1 ],

o

SEulske] 127k4 A= PCR

a2 ~= 16]_ B3

reverse primer(10pM/pl) 1pl¥i SHTE sty = 204x1 PCR
HE-S- M-S TH59lth AccuPower PCR PreMixoli= 47}4] deoxynucleotide
triphosphate’} 5 nmole® 9313, 0.8 mole¥ KCIl, 0.2 mole?
Tris—HCI( pH 9.0), 0.03 mole®] MgCls, 1 unit®] Taq polymerase”}
so8ltt. PCR HbES =3t Gene Amp PCR System 9600
(Perkin—Elmer Centus Co, CT, USA)S =% Table 29 #& Xo=
R A

odAFelA e o2l Acinetobacer &—5°]% PCRE HAAZE
SHAS =7435l7] 98l Acinetobacer E+vF A% DNAZS 2 ngollA 2
fe7bA] A< 10w} At & 2z IAels FPoR PCRe Aldsaith
PCRY <3t wvle} #Zo] AccuPower PCR PreMix® Gene Amp PCR
System 96005 ©]g3te] A&ttt PCR T3%F4bs 20 ul 5 2 plsE
1.5% agarose gel¥} Tris—acetate buffer (0.04 M Tris—actate, 0.001
M EDTA, [pH 8.0D)E ol&ai4 100VelA 3087 ©719%5S A3t
FEAE S ethidium  bromide® @ME T UV  transillumination@®

SANA AADERAS FASAT
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1. Acinetobacter %9 EAAYESH &4 A¥

2 AT E B BAeA E8E #F S Vitek GNI cardE &3l
ACB complext} Acinetobacter %ol X&H& 4502 THH 293F7F
Ao Z2 gyrB Multiplex 1 PCRE H8Ist A3 21057} A. baumannii
okdoz yelbM A baumannii® EA33FT Um A 83FE gyrB
Multiplex 1 PCR A. baumannii <73& YERNA 16S rDNA PCR, rpoB
PCRE o A & FTHAES Solgent 3|Ate] FHAA7IAAEA S
et & I FAFAVIMEE NCBIY EZTAXON databasee] Z3]3H4
B8t A3} A, nosocomialis 625, A. pittii 45+, A. calcoaceticus 1,
A. Iwoffii 39, A. bereziniae 35, A. guillouiae 37, A. junii 4%, A.

johnsonii 25, A. radioresistens 1% E3 %0t} (Table 3).

2. Acinetobacter =—E0o| PCR >Xz}o|n A7

2 AFoA PrimerSelect 2 13 (DNASTAR Inc.) & ©]&3Fo] AA S
Acinetobacter 7% (A. calcoaceticus, A. baumannii, A. pittii, A.
nocosomialis, A. ursingii, A. Iwoffii, A. bereziniae)®l w3t F—50]%
PCR xZzto|wZ9] 7| D3 o4 =+= PCR 5FA=2 7]+ Table
Lol sttt

3. Acinetobacter &—5°] PCR X=glo|w o] ZHZ9
Agder 54

oo oA A ARt 7E2] Acinetobacter —E0°]% PCR *xglo]n
o2 gradient PCRS Al&3st A3} Acal-F/Acal-R 3xgfolr] 29

HA AFLEE 68C, Abau—F/Abau—R Zgtolw o] HZ o
A= 66°C, Apit—F/Apit—R Zeto]n] 9] HAo A= 68T,

_8_



Anos—F/Anos—R Zz}o]r] 9] A2 A&+ 66C, Aurs—F/Aurs—R
Zgtolm o] HZHo AgeEE 68T, Alwo—F/Alwo—R Xzlo|r %9
Aol A& E= 66T, Aber—F/Aber—R Zetoln] o] HA o] AL
64 Co)t}.

4. Acinetobacter &=—E0o] PCR xglo|n #9o] F—-Eo
A A

Acal=F/Acal-R Z#}olH 2Fof tst F-5oldS HF8H7] Sste] A.
calcoaceticus® X%F=dT9 Acientobacter Y& T#F9 RFEFF 2L

IR HF, 416572 PCR ¥H7F oy #5759 #%#4d DNAZ PCRE

Al8st A3, A, calcoaceticus® HFEH +F 8F = 8F(100%)7}
ko g Yelow A, calcoaceticus’t obd  ©E  Acientobacter

T2 HE I 4085 EF(100%) =442 Yelt(Fig 8).

Abau—F/Abau—R Zgto]m o] thdt F-5ol4S HAFstr]l 28tk
41652 PCR 7} ) #5759 #4d4 DNAZ PCRES A&t Ay, A
baumannii= HZE T 2655 T 2625(98.86%)7F YO E YERHAL
37(1.14%) 7} &4 o2 Yebsk o™ A. baumannii’} obd Y& Acinetobacter
HEOE FAE 1515 EF(100%) +9°2 ettt (Fig 9).

Apit—F/Apit—R  Zzto]m o] st F-5olde HFsr] stk
41652 PCR 7} W1} ¥F5¢ #34 DNAZ PCR= Al&d A3, A
pittiiz  HFHD 5 1057 T 105(100%)7F FEo= dekston A
pitti’} ok ©E  Acientobacter dECSZE AW FIF 4067 HF
(100%) =42 YErst(Fig 10).

Anos—F/Anos—R Zzto]m Ao dfst F-Solds AT 98k
41652 PCR 7} ) #5759 #44 DNAZ PCRE A&t Ay, A
nosocomialis® HZE 5 645 T 6457(100%)7F Fdo =z YER O
A. nosocomialis?} °Fd ©& Acientobacter #F°C. 2 HFH HF 3525
T (100%) +/do= YErST(Fig 11).



Aurs—F/Aurs—R Zgto]m o] thst F-5oldS I stk
7559 PCR B7b o4 #5759 444 DNAZ PCRS A#F A3, A,
ursingii. WAT #F 2F F 257(100%) 7 FHOR UEgod A
ursingii’tb - obd  ©E  Acientobacter #FECE  WHRH  FF  73F
T (100%) /402 YErET(Fig 12).

Alwo—F/Alwo—R =Zgtolm] Ao thgt F-5o4ES AFst7] st
75F% PCR H7F oI #5529 #3A4 DNAZ PCRS Al&gst A3}, A
Iwoffiiz. ¥QH 5 457 F 47(100%)7F FHo= Yeiten A
Iwoffi7y  obd  ©&  Acientobacter T&O°=E RAFH A5 715
T (100%) /402 YErST(Fig 13).

Aber—F/Aber—R 3ztoln] Fof st F-Sol4S HFst7] flsko]
7558 PCR #7} Wi #5598 #44 DNAZ PCRe A& Az, A
bereziniaeZ VY #F 17F T 177100%) 7} 4o =2 YEOH A,
bereziniae7t °obd W& Acientobacter WEFCE WAHW HF 58F
T (100%) /402 YErST(Fig 14).

5. Acinetobacter £—59°] PCR Xgoly 29 X
DNA HAH=ZA =74

N
X

Acal—-F/Acal-R >~g}o|M=Z  Acinetobacter calcoaceticus Y3t
(KCTC 2357) A DNAE S3%% F Sl #HA %2 200 pgeldd
gyvrB Multiplex 2 PCR X#}o|MZ Acinetobacter calcoaceticus ¥
(KCTC 2357) A% DNAE T3 F Qv AL 2 2 ngoldrt(Fig
15).

Abau—F/Abau—R X glo]H 2 Acinetobacter baumannii YTIT
(KCTC 2508) A% DNAE T3 + Sl HA 2 20 pgollal gyrB
Multiplex 1 PCR =~g}o|M =2 Acinetobacter baumannii Y335 (KCTC
2508) A% DNAE ST 4 9l HA &2 200 pgol At (Fig 16).

Apit—F/Apit—R  2g}o]W 2 Acinetobacter pittii %75 (CCUG

=



61664) #5 DNAS FHE F Sl HAE %2 20 pegol3lal gwrB
Multiplex 2 PCR gto|M 2 Acinetobacter pittii %5 (CCUG
61664) A5 DNAE % & Qe H4 42 200 pgel vk (Fig 17).
Anos—F/Anos—R 2&o]H 2  Acinetobacter nosocomialis YT
(CCUG 61663) A% DNAE FF%HT F Sl HA &2 20 pgoldy
gyvrB  Multiplex 1 PCR X=#o|HE  Acinetobacter nosocomialis
X1 (CCUG 61663) A& DNAE SHFT & QA+ FHa &2 200
pgol At (Fig 18).
Aurs—F/Aurs—R &2 Acinetobacter ursingii w1 (KCTC
12410) A5 DNAE S5 T = H4 42 20 pgolth(Fig 19).
Alwo—F/Alwo—R X &o|H 2  Acinetobacter Iwoffii ¥ (KCCM
40172) A5 DNAE 38 F e #H4 &2 200 pgel vk (Fig 20).
Aber—F/Aber—R >2}o]M =2 Acinetobacter bereziniae YTIT
(KCTC 12683) A% DNAS S5 & & HA& &2 200 pgol vt (Fig
21).

[



IV.

Z

=

AcinetobacteritS AUWHES do7]= FL Hd #Fo= Fnit}
B 7t Z7ste FA1S Hola vl A, calcoaceticus— A. baumannii
complex (ACB complex)ol &3] Q= A. calcoaceticus (genospecies
A

138), A. baumannii (genospecies 2%), A. pittii (genospecies 3%), 2

A. nosocomialis (genospecies 133%)+ A3}shAQl EAJo] H[-AFsFo] A
FHded BF7F ofd RHF = Asty EAvtozw Ak HES

o} H¥th(10, 11, 12, 13, 14, 15). ¥ AFeME rpoB A7 INES
I 02 ACB complex®ll &3ki= 470 Acinetobacter % (A. calcoaceticus,
A. baumannii, A. pittii A. nocosomialis) ¥ A. ursingii, A. Iwoffii, A.
bereziniae=°l td 2}7}e] F—-5o]A PCR Zeto]mE 7dstait.

2 Ao AA W A2 ACB complex©ll 438= 452 Acinetobacter
F—-50]4d PCR ZA%E ®W, A baumannii F—-5°]d PCR ATdE+
98.9% N1 A. calcoaceticus—, A. pittii—, A. nosocomialis— &—5°]%
PCR 4g=+ EF 100%AtH(Table 5). ¥ Ao A 2 Azg A
baumannii ¥%& &= Abau—F/bau—R$} A. nosocomialis %
HE3%= Anos—F/Anos—R Xglo]¥= Higgins S (7)ol AAS gyrB
Multiplex 1 PCR Zzlolw Rt} 108 o A2 #Fe] A5 DNAS HES +
W3, A. calcoaceticus &S FESh= Acal-F/Acal-R$} A, pittii
#ES AEs= Apit—F/Apit—R Z#to] 9= Higgins & (5)¢] A% gyrB
Multiplex 2 PCR ZglolHH T} 108] ¢ &2 &9 2% DNAE HES &
ANTH(Fig 15-18). Multiplex PCR Z#lo]mi= HolHql 3 o]
of7]el] nlEo]ARl FEALEC] FFHY ThsAdo] wrh E AqtelA] st
Acinetobacter &—5°1/d PCR 7|"}-& 2bast Adxzt0=% A calcoaceticus—A.
baumannii complex (ACB complex) | 43ki= Acinetobacter dF 5%
A&EeA AgstA HEE 4 Aok, A Acinetobacter wtEE & A
calcoaceticus(genospecies 1) ¢} A. pittii(genospecies 3%)7} B8kl

A. baumannii(genospecies 2%) 9} A. nosocomialis(genospecies 133) 7}



Hlsto] Astetrlow ghdsted dAZE vh(16). dA A 3AteA
wel¥ & Acinetobacter @&2 % Vitek GNI cardt} MicroScan i
A8 kitell 9s] wFo] AAH=, REFA 54 9 s 549
ot FAAMOREE U SAS 41 Qv oY AAFY sFele AL
STt Vitek GNI card®+= A. calcoaceticus—A. baumannii complex (ACB
complex) ol &3k= Acinetobacter dTe<= F&stA st F3HA
ok 497 BWoh olgd A5 Aol oehd, B ATtelA s
Abau—F/bau—R, Acal—-F/Acal—-R, Anos—F/Anos—R& Apit—F/Apit—R
zepolH 52 247t A, baumannii, A. calcoaceticus, A. nocosomialis
A. pittii TTES F FFO0=2 AL AEeA HET 5 Qo] ddolA
olF Al T2 AEel &5 AHEE F s Few AZET

2 Aol e Aurs—F/Aurs—R, Alwo—F/Alwo—-R, H
Aber—F/Aber—R Xzlo|H 52 7z A, ursingi, A. Iwoffii 2 A
bereziniae 5= F-5°]8°=2 HET F A (Fig. 12—-14). E3t o]&
Lafol w5 W#ﬂ EFHT A% DNAE 20 pg T 200 pgZHA

1

9-20). A. ursingii, A. Iwoffii Y A. bereziniae

=% ACB Complexoﬂ | F3=  Acinetobacter dEEXR U= YA O =R
EE e R 9AW 48F, fds A ddox FHEHAY
HAZFAA Al Folvh(17, 18, 19, 20, 21). AAMZA A. ursingii, A.

Iwoffii 9 A. bereziniae =°l tst F—5o] PCR =xglo|w7} 7l o
RA 7] wiEel, ¥ AFelA AEE 37FA] dFel sk PCR Zetolw =
AA HExZ JidE Zolgt & 4 Qvh. 2el2®, o] 37HA F-5°] PCR
zalolmE52 delA ol 37HA wES AlE AgstA AEcste
e Aoz AztHr
AbEnAEFE 719 dA witel] W AAbEo] thekdt FAEETA
71 E
Dolzani
£kl

o]
_ﬁ[_z

st Acinetobacter genospecies® oA SFITH(22).
(23)& restriction fragment length polymorphism (RFLP) ¥ &
Hl PCR THFAHES o] 7HA Adasz gt 443 w3
T2 H]ﬂaﬂok sk olgsh WHE AIRE, w=FE wW AAA

=
[}
L=
[}
A=
L

£

==
Al



S PCRYel vl vlaxal o] ¢l Vaneechoutte 5 (24)
amplified  ribosomal DNA-—restriction  analysis (ARDRA) HS
ol g3l PCR THitas o8 74 Adtax=z Agstal 2417 ik
gt F x5 w9 vlwsjol sk BT YFuh kst patterns
et = Sl A7) wiiEel oldd WS AR, ey W AFAA
SdeolA PCR 7I¥el wls wlaazQl @io] Qlvkal 2tk Koeleman
5 (25) < *ﬂﬂ%-ﬂ sl xAle]  o]g€E 1 9+ randomly amplified
%s}‘?i%ﬂ] Acinetobacter %
Ao E FEHE 40 “Hﬁo‘ Wa zste] GAE EHol ofE e,
T3 subtypeo]l WAHEUN, AAEEFTES HE‘L} theFst patterns
et A9 Al EEdT = E3ge] 7] Wil ol
WO R Acinetobacter w&e AHA FAs=UE @A Aok
2 €]

al
%E}(% 26). zﬂiEi B ?i?ow rpOB AANATIME S wigo R
A
(e}

*““Oﬂ 1 A2 F9] Alato] ézﬂé}ﬁa}E ﬂ’: ﬂﬂo}ﬂ] AZst= o o)g"

T AES Aor A, wek e Ato|A thE Acinetobacter -l
gt F—5o]%4 PCR Zgtujol & Jidets dlel: rpoB7t f&35HA o]&4
T As Folm, WA rpoB HAAVIMGL] AsAdol AN F-5olF
A7 Fold7] ofHthd, DNA repairtt DNA  replication®]]
#olets F82 59 ©J8 W& housekeeping FAAES ol &dtol
7Vsd Zow AztEn

ol AF}E FFshd, B AFor sEE 7E°  Acinetobacter

F—-Eo0]4d PCR =Zgloln] HEL Acinetobacter a5 F—Eo|xo=w

o=«
s 42T 5 Qo] WA QAL Belska 83



OJAZFA] Vel AREEO & AsEA WO ®=  Acinetobacter
T T Fvo2 s A& == sdst7] oAgu. 1922, &
ATl E rpoB HAANALES wFOR
FTor AE A HAE v sHE F AE 7FY Acinetobacter

wFo 3t F-5904 PCR WHE /NEstaxt skl primerselect

Acinetobacter %<& +

Z2WE o]gst]  rpoB HARATVIMER A, calcoaceticus, A.
baumannii, A. pittii, A. nosocomialis, A. Iwoffil, A. ursingii ¥ A.
bereziniae &—5°]% PCR primers AA A&tk Acinetobacter
% FadF 195 Acinetobacter 5] otd oE % FiadT
1655 ©]&3ste] PCR Sol4 Aserdeh.  AdAelA  Vitek 2
AEAAE O Z Acinetobacter 72 FHE 293F YT TE UHC=E
gyrB  Multiplex 1 PCR¥ 16S rDNA sequencing, rpoB PCR
sequencing®] A=A 7IHO R Acinetobacter &S FF3HATh
ol A olA T3St Acinetobacter i 29359 ol AFelA FAHsH
Acinetobacter 5 89F% F7}stYd  Acinetobacter &—5°]% PCR9
UAEE FUsEATh. Acinetobacter €—5°]%4 PCR HAMEA#E HW A,

baumannii 5—%509°]%4 PCRS A&EE= 98.9%%1 A. calcoaceticus, A.

fljo

pittii, A. nosocomialis, A. Iwoffii, A. ursingii 2 A. bereziniae
F-5ol4 PCRO AIdEs EF 100%Avr. A, baumannii$t  A.
nosocomialis &—%5°]4 PCR X&o|#= gyrB Multiplex 1 PCR
zofolmrok 10 © A #FE A DNAZHA HEE & A, A
calcoaceticus®t A. pittii —5°]% PCR Z#}o|H & gyrB Multiplex 2
PCR Zetolmrtt 10M] © A2 9 A5 DNAZMA A& 5 qSith
olfl A¥=E RW. A. calcoaceticus—, A. baumannii—, A. pittii—, A.



nosocomialis—, A. Iwoffii— A. ursingii— 2 A. bereziniae—%—5°]%
PCR 71H& 4ol A  Acinetobacter w52 A& AEsHA FHEHs=

oFF fr8% otk
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Table 1.

PCR primers used in this study

Target gene or

Primer’

Product

. Nucleotide sequence (5'->3") . References
species name size (bp)
27F AGAGTTTGATCMTGGCTCAG
16S rDNA 1400 (8)
1492R  TACGGYTACCTTGTTACGACTT
696F TAYCGYAAAGAYTTGAAAGAAG
rpoB 350 9)
1093R  CMACACCYTTGTTMCCRTGA
_ . sp2-FY  GTTCCTGATCCGAAATTCTCG
A. nocosomialis D 294 7
sp4-R AACGGAGCTTGTCAGGGTTA
-F? CACGCCGTAAGAGTGCATTA
A. baumannii sp4 " 490 (7)
sp4-R AACGGAGCTTGTCAGGGTTA
A cal i D14? GACAACAGTTATAAGGTTTCAGGTG 18 5)
- (AIC0ACEICS D199 CCGCTATCTGTATCCGCAGTA
. D16” GATAACAGCTATAAAGTTTCAGGTGGT
A pittii 2 194 (5)
D8 CAAAAACGTACAGTTGTACCACTGC
A cal i Acal-F TCGTATCTCAATTACACCGTTCACCT 549 this stud
- (AIC0ACEHCS pcallR - CGCCTTCTGCCAGTTTCACCATA 15 Sy
. Abau-F  CATAAACTGAGATAACTGGCTTGAACC .
A. baumannii 529 this study
Abau-R  CGTCGACTTCACCTTTACCGTTAC
o Apit-F TGGGCAGTTACCAGATTGACCTA .
A. pittii ) 147 this study
Apit-R  AACCAGCAGCTTCCATTTGACG
.. Anos-F  GCCGCTCGTGAACGTGTAATC .
A. nocosomialis 394 this study
Anos-R  CATCGTGTGGCATATCTTCAAC
. Alwo-F  CCGTGTCGGTCTGGTTCGTGTA .
A Iwoffii 302 this study
Alwo-R  CCGGCGTTTCAATTGGACATAC
A Lo Aurs-F AGCGTGTCATCGTATCTCAG 319 this stud
) is stu
ursingh AursR  CCGCGTAAACGTTCAGGCACAAGA y
A berezini Aber-F  ACGGTTCTCCGGGCGTCT 539 this stud
) is stu
CTEZNEE  AberR AACACCACCTTCAGCGATTTTA Y

1)Multiplex PCR primers designed based on gyrB for simultaneous

detection of A. nocosomialis and A. baumannii which was named gryB
mutiplex I PCR in this study.
2)Multiplex PCR primers designed based on gyrB for simultaneous

detection of A.

mutiplex II PCR in this study.

calcoaceticus and A. pittii which was named gryB



Table 2. PCR conditions of each PCR assay in this study

PCR name PCR conditions
16s Denaturation for 5 min at 94°C; 35cycles of 94°C for 1min,

2C for 1Imin, 72°C for 1min; and final extension of 72°C for 7min.
rpoB Denaturation for 5 min at 94C; 35cycles of 94°C for 30s,

gyrB Multiplex1

gyrB Multiplex2

A. baumannii-
specific

A. calcoaceticus-
specific

A. pittii-
specific

A. nocosomialis-
specific

A. ursingii-
specific

A. Iwoffii-
specific

A. bereziniae-

specific

56°C for 30s, 72°C for 60s; and final extension of 72°C for 7min.
Denaturation for 5 min at 94°C; 30cycles of 94°C for 1min,

60C for 1min, 72°C for 1min; and final extensionof 72°C for 7min.
Denaturation for 5 min at 94°C; 30cycles of 94°C for 1min,

60C for 60s, 72C for 60s; and final extension of 72°C for 7min.
Denaturation for 5 min at 95C; 30cycles of 95°C for 20s,

66C for 30s, 72C for 30s; and final extension of 72°C for 7min.
Denaturation for 5 min at 95C; 30cycles of 95°C for 20s,

68°C for 30s, 72°C for 30s; and final extension of 72°C for 7min.
Denaturation for 5 min at 95C; 30cycles of 95°C for 20s,

68°C for 30s, 72°C for 30s; and final extension of 72°C for 7min.
Denaturation for 5 min at 95C; 30cycles of 95°C for 20s,

66C for 30s, 72C for 30s; and final extension of 72°C for 7min.
Denaturation for 5 min at 95C; 30cycles of 95°C for 20s,

68°C for 30s, 72°C for 30s; and final extension of 72°C for 7min.
Denaturation for 5 min at 95C; 30cycles of 95°C for 20s,

66C for 30s, 72C for 30s; and final extension of 72°C for 7min.
Denaturation for 5 min at 95C; 30cycles of 95°C for 20s,

64°C for 30s, 72°C for 30s; and final extension of 72°C for 7min.




Table 3. Results of molecular identification of 83 clinical strains of Acinetobacter species in this study

Group N N 165 rDNA poB gyrB Multiplex 1 . F.|nal .
sequence sequence identification

A 62 56 A. nosocomialis /A. calcoaceticus A. nosocomialis A. nosocomialis A. nosocomialis
4 A. nosocomialis /A. calcoaceticus A. nosocomialis/ A. baumannii A. nosocomialis A. nosocomialis
2 A. nosocomialis /A. calcoaceticus A. nosocomialis A. nosocomialis A. nosocomialis

B 3 2 A. Iwoffii A. Iwoffii Neg A. Iwoffii
1 A. Iwoffii A. lwoffii / genomic species 9 Neg A. Iwoffii

C 4 4 A. junii A. junii Neg A. junii

D 4 4 A. pittii /A. calcoaceticus A. pittii Neg A. pittii

E 1 1 A. calcoaceticus A. calcoaceticus Neg A. calcoaceticus

F 2 2 A. johnsonii A. johnsonii Neg A. johnsonii

G 3 3 A. bereziniae/A. guillouiae A. berezinae Neg A. bereziniae

H 3 2 A. guillouiae A. guillouiae Neg A. guillouiae

I 1 1 A. radioresistens A. radioresistens Neg A. radioresistens

Neg: PCR negative



Table 4. Distribution of 382 strains of Acinetobacter used for evaluation

of Acinetobacter species—specific PCR

Species Previous study Present study N
A. baumannii 54 210 264
A. nosocomialis 2 62 64
A. pittii 5 4 9
A. calcoaceticus 6 1 7
A. junii 3 4 7
A. johnsonii 0 2 2
A. Iwoffii 0 3 3
A. bereziniae 14 3 17
A. gyllenbergi 4 0 4
A. guillouiae 0 3 3
A. ursingii 1 0 1
A. radioresistens 0 1 1
Total 89 293 382




Table 5. Result of evaluation study for Acinetobacter species—specific PCR

Total PCR positive PCR negative
Specific-PCR (N) Expected (N) Actual (N) Sensitivity (%) Expected (N) Actual (N) Specificity (%)
A. baumannii 416 265 262 98.9 154 154 100
A. calcoaceticus 416 8 8 100 408 408 100
A. nocosomialis 416 64 64 100 352 352 100
A. pittii 416 10 10 100 406 406 100
A. Iwoffii 75 4 4 100 71 71 100
A. ursingii 75 2 2 100 73 73 100
A. bereziniae 75 17 17 100 58 58 100




M 12 34 5 6 F 8 910 1112 M

Fig. 1. Result of the gradient PCR for A. calcoaceticus—specific
PCR. Lane M, molecular weight 100 bp marker; The annealing
temperatures of each PCR are as follows: Lane 1, 527C; Lane 2,
54C; Lane 3, 56C; Lane 4, 58C; Lane 5, 60C; Lane 6, 62TC;
Lane 7, 64C; Lane 8, 667C; Lane 9, 687C; Lane 10, 70TC; Lane
11, 71C; Lane 12, 72T.



M i 2 3 4 83 7 838 10731 12

Fig. 2. Result of the gradient PCR for A. baumannii—specific
PCR. Lane M, molecular weight 100 bp marker; The annealing
temperatures of each PCR are as follows: Lane 1, 52C; Lane
2, 547TC; Lane 3, 56C; Lane 4, 58TC; Lane 5, 60TC; Lane 6,
62C; Lane 7, 64C; Lane 8, 66C; Lane 9, 68TC; Lane 10,
70TC; Lane 11, 71C; Lane 12, 727TC.
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Fig. 3. Result of the gradient PCR for A. pittii—specific PCR. Lane
M, molecular weight 100 bp marker; The annealing temperatures of
each PCR are as follows: Lane 1, 52C; Lane 2, 54C; Lane 3, 567C;
Lane 4, 58TC; Lane 5, 60TC; Lane 6, 62C; Lane 7, 64C; Lane 8,
66C; Lane 9, 68C; Lane 10, 70C; Lane 11, 71C; Lane 12, 72T.
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Fig. 4. Result of the gradient PCR for A. nosocomialis—specific
PCR. Lane M, molecular weight 100 bp marker; The annealing
temperatures of each PCR are as follows: Lane 1, 527C; Lane
2, 54C; Lane 3, 56T; Lane 4, 58C; Lane 5, 60C; Lane 6,
62C; Lane 7, 647C; Lane 8, 66C; Lane 9, 68C; Lane 10, 70T;
Lane 11, 71C; Lane 12, 72T.
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Fig. 5. Result of the gradient PCR for A. ursingii—specific PCR.
Lane M, molecular weight 100 bp marker; The annealing
temperatures of each PCR are as follows: Lane 1, 52C; Lane 2,
54C; Lane 3, 56C; Lane 4, 58C; Lane 5, 60TC; Lane 6, 627T;
Lane 7, 64C; Lane 8, 66C; Lane 9, 68C; Lane 10, 70C; Lane
11, 71C; Lane 12, 727T.
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Fig. 6. Result of the gradient PCR for A. Iwoffii—specific PCR.
Lane M, molecular weight 100 bp marker; The annealing
temperatures of each PCR are as follows: Lane 1, 52TC; Lane 2,
54C; Lane 3, 56TC; Lane 4, 58%C; Lane 5, 60C; Lane 6, 62T;

Lane 7, 64C;Lane 8, 66C; Lane 9, 68TC; Lane 10, 70T, Lane
11, 717C; Lane 12, 72C.
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Fig. 7. Result of the gradient PCR for A. bereziniae—specific
PCR. Lane M, molecular weight 100 bp marker; The annealing
temperatures of each PCR are as follows: Lane 1, 527C; Lane
2, 54C; Lane 3, 567C; Lane 4, 58C; Lane 5, 60TC; Lane 6,
62C; Lane 7, 64TC; Lane 8, 66C; Lane 9, 68TC; Lane 10,
70C; Lane 11, 717TC; Lane 12, 727T.
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Fig. 8. Result of A. calcoaceticus—specific PCR. Lane M, molecular
weight 100 bp marker; Lane N, negative control with no DNA
template; Lane P, positive control with A. calcoaceticus KCTC
2357%; Lane 1-3, A. calcoaceticus clinical strains; Lane 4, A.
baumannii KCTC 2508"; Lane 5, A. pittii CCUG 61664"; Lane 6, A.
nosocomialis CCUG 61663"; Lane 7, A. ursingii KCTC 12410"; Lane
8, A. Iwoffii KCCM 40172; Lane 9, A. bereziniae KCTC 12683".
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Fig. 9. Result of A. baumannii—specific PCR. Lane M, molecular
weight 100 bp marker; Lane N, negative control with no DNA
template; Lane P, positive control with A. baumannii KCTC 2508";
Lane 1—3, A. baumannii clinical strains; Lane 4, A. calcoaceticus
KCTC 2357"; Lane 5, A. pitti CCUG 61664"; Lane 6, A.
nosocomialis CCUG 61663"; Lane 7, A. ursingii KCTC 12410%;
Lane 8, A. Iwoffii KCCM 40172; Lane 9, A. bereziniae KCTC
12683".
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Fig. 10. Result of A. pittii—specific PCR. Lane M, molecular weight
100 bp marker; Lane N, negative control with no DNA template;
Lane P, positive control with A. pittii CCUG 61664'; Lane 1—3, A.
pittii clinical strains; Lane 4, A. calcoaceticus KCTC 2357"; Lane
5, A. baumannii KCTC 2508"; Lane 6, A. nosocomialis CCUG
61663"; Lane 7, A. ursingii KCTC 12410%; Lane 8, A. lwoffil
KCCM 40172; Lane 9, A. bereziniae KCTC 12683".
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Fig. 11. Result of A. nosocomialis—specific PCR. Lane M,
molecular weight 100 bp marker; Lane N, negative control with
no DNA template; Lane P, positive control with A. nosocomialis
CCUG 61663"; Lane 1-3, A. nosocomialis clinical strains; Lane
4, A. calcoaceticus KCTC 2357"; Lane 5, A. baumannii KCTC
2508"; Lane 6, A. pittii CCUG 61664"; Lane 7, A. ursingii KCTC
12410%; Lane 8, A. Iwoffii KCCM 40172; Lane 9, A. bereziniae
KCTC 12683".
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Fig. 12. Result of A. uwursingii—specific PCR. Lane M,
molecular weight 100 bp marker; Lane N, negative control
with no DNA template; Lane P, positive control with A.
ursingii KCTC 12410%; Lane 1, A. ursingii clinical strains;
Lane 2, A. calcoaceticus KCTC 2357"; Lane 3, A. baumannii
KCTC 2508"; Lane 4, A. pittii CCUG 61664"; Lane 5, A.
nosocomialis CCUG 61663"; Lane 6, A. Iwoffii KCCM 40172;
Lane 7, A. bereziniae KCTC 12683"; Lane 8, A. junii KCTC
12406%; Lane 9, A. guillouiae KCTC 12684,
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Fig. 13. Result of A. Iwoffii—specific PCR. Lane M,
molecular weight 100 bp marker; Lane N, negative control
with no DNA template; Lane P, positive control with A.
Iwoffiir KCCM 40172; Lane 1—3, A. Iwoffii clinical strains;
Lane 4, A. calcoaceticus KCTC 2357"; Lane 5, A. baumannil
KCTC 2508"; Lane 6, A. pittii CCUG 61664"; Lane 7, A.
nosocomialis CCUG 61663"; Lane 8, A. ursingii KCTC
12410"; Lane 9, A. bereziniae KCTC 12683".
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Fig. 14. Result of A. bereziniae—specific PCR. Lane M,
molecular weight 100 bp marker; Lane N, negative control with
no DNA template; Lane P, positive control with A. bereziniae
KCTC 12683"; Lane 1-3, A. bereziniae clinical strains; Lane 4,
A. calcoaceticus KCTC 2357"; Lane 5, A. baumannii KCTC
2508"%; Lane 6, A. pittii CCUG 61664"; Lane 7, A. nosocomialis
CCUG 61663"; Lane 8, A. ursingii KCTC 12410"; Lane 9, A.
Iwoffit KCCM 40172.
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Fig. 15. Result of the detection limit of A. calcoaceticus—specific PCR
(Lane 1 through 7) and gyrB Multiplex 2 PCR (Lane 8 through 14).
Lane M, molecular weight marker (100 bp ladder); Serial 10—fold
dilutions of genomic DNA of A. calcoaceticus, ranging from 2 ng to 2
fg (lanes 1 through 7, and lanes 8 through 14 respectively), were
amplified by each PCR. The lower detection limits of A.
calcoaceticus—specific PCR and gyrB Multiplex 2 PCR were 200 pg

and 2ng, respectively.
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Fig. 16. Result of the detection limit of A. baumannii—specific PCR
(Lane 1 through 7) and gyrB 1 PCR (Lane 8 through 14). Lane M,
molecular weight marker (100 bp Serial 10—fold dilutions of genomic
DNA of A. baumannii, ranging from 2 ng to 2 fg (lanes 1 through 7,
and lanes 8 through 14 respectively), were amplified by each PCR.
The lower detection limits of A. baumannii—PCR and gyrB Multiplex

1 PCR were 20 pg and 200 pg, respectively.
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Fig. 17. Result of the detection limit of A. pittii—specific PCR (Lane 1
through 7) and gyrB Multiplex 2 PCR (Lane 8 through 14). Lane M,
molecular weight marker (100 bp ladder); Serial 10—fold dilutions of
genomic DNA of A. pittii, ranging from 2 ng to 2 fg (lanes 1 through 7,
and lanes 8 through 14 respectively), were amplified by each PCR. The
lower detection limits of A. pittii—specific PCR and gyrB Multiplex 2

PCR were 20 pg and 200 pg, respectively.
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Fig. 18. Result of the detection limit of A. nosicimialis—specific PCR
(Lane 1 through 7) and gyrB Multiplex 1 PCR (Lane 8 through 14). Lane
M, molecular weight marker (100 bp ladder); Serial 10—fold dilutions of
genomic DNA of A. pittii, ranging from 2 ng to 2 fg (lanes 1 through 7,
and lanes 8 through 14 respectively), were amplified by each PCR. The
lower detection limits of A. pittii—specific PCR and gyrB Multiplex 1 PCR

were 20 pg and 200 pg, respectively.



Fig. 19. Result of the detection limit of A.
ursingii—specific PCR. Lane M, molecular weight marker
(100 bp ladder); Serial 10—fold dilutions of genomic DNA
of A. ursingii, ranging from 2 ng to 2 fg (lanes 1 through
7, respectively), were amplified by each PCR. The lower
detection limits of A. wrsingii—specific PCR were 20 pg,

respectively.



Fig. 20. Result of the detection limit of A. Iwoffii—specific

PCR. Lane M, molecular weight marker (100 bp ladder);

10—fold dilutions of genomic DNA of A. Iwoffi,

to 2 fg (lanes 1 through 7,

Serial
ranging from 2 ng

respectively), were amplified by each PCR. The lower

detection limits of A. Iwoffii—specific PCR were 200 pg,

respectively.



Fig. 21. Result of the detection Ilimit of A.
bereziniae —specific PCR. Lane M, molecular weight marker
(100 bp ladder); Serial 10—fold dilutions of genomic DNA
of A. bereziniae, ranging from 2 ng to 2 fg (lanes 1
through 7, respectively), were amplified by each PCR. The

lower detection limits of A. bereziniae—specific PCR were

200 pg, respectively.
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