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Identification of Leptospira species of Korean Isolates using
Phylogenetic Analysis of Polymerase Chain Reaction-amplified
16S rDNA and LipL.32 Genes
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In this study, we selected only serologically identified 15 Leptosira interrogans isolates in the past and analyzed and
identified them by using molecular method. The partial 16S rDNA and LipL32 genes were amplified from the bacteria
by polymerase chain reaction (PCR) and sequenced. Sizes of the PCR products were 529 bp and 819 bp respectively
and analysis of the nucleotide sequence of 16S rDNA and LipL32 genes showed that 14 out the 15 Leptospira showed
99.4~100% and 99.2~99.9% similarity respectively to those of L. interrogans lai and one isolate named HS-7 showed
100% and 100% similarity to L. interrogans canicola. The phylogenetic tree based on the 16S rDNA and LipL32 genes
obtained the study revealed that 14 of the Leptospira composed a cluster distinct to that of L. interrogans lai and HS-7
composed to L. interrogans canicola.
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MATERIALS AND METHODS
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Table 1. Local Leptospira strains isolated in Korea for molecular
typing using nucleotide sequences of 16S rDNA and LipL32
genes

Area of

Strain Source isolation Year
WH-20 Human Wonju 1984
18R Wild rodent Hongchon 1985
30R Wild rodent Hongchon 1985
HS-7 Human Kongju 1985
HM3 Human Yeonchun 1985
AP33 Rat Yeoju 1987
CH&88-12 Human Choonsung 1988
CH&88-19 Human ‘Whachun 1988
KH-1 Human Choongju 1989
KH-2 Human Choongju 1989
HK-12 Human Kosung 1990
A-15 Apodemus agrarius Choongju 1993
A-19 Apodemus agrarius Choongju 1993
MO06 Apodemus agrarius Choongju 2001
MO7 Apodemus agrarius Choongju 2001

gelA WA B 2 X opgARTY Feld 7
% % 57o] oY 770 PEAMe #F7} X3
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HEALEt 22|39l oS

HEAT o] g
Johnson-Harris (EMJH) HJ#| & AR&-3Fith. LAl i
ko oA EMIH HIA & 32°CollA 7~10Y 7+A 02 Hj
Fatar, #5 Hshr] flsiAE WA EMIH HiA]
(0.2% agar Pl w33t

Ellinghausen-McCullough-

HEALZIR?T DNA FE2 LU 5

B[l

FEXvgesy d5ks FE57] f8ke] QlAaamp
DNA mini kits (QIAamp DNA mini kit; Qiagen Valencia, CA,
USA)E ARESIglom, AlxAlel wel ntet @k
FeIt 2 QEsVE GuoavE 54 f44
= S3Z3517] $3 16S DNAS} LipL32 F4A5 e
2 3= Zgo|HE o]&3ste] PCRS XIS (Table
2) (12, 19~21). PCR Hhg E3HE-2 Template DNA 2 plel
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2.5 mM dNTP 4 pl (Bioline, UK), 10 x PCR buffer 5 ul  City, Calif, USA)Z &3} om, PCR 7oA 16S
(Bioline, UK)$} 0.25 U Tag polymerase (Bioline, UK)E €L DNAE 94CollA] 587 WA ]i 94Coll A 30x7+
ZYZ} 20 pmol/ul ZEFolH 1 WS Y2 & HHSHFS denaturation, 55°CoA] 30%7F annealing, 72°CollA] 1

E 4o F 50 W= HFTHIE 4L PCRS GeneAmp  30%3F extensionss O 2 353 SZA|Z o, & wk-g
PCR system 9600 (Perkin Elmer Applied Biosystems, Foster ~ 72°CollA4] 3%7F WFSA|7# PCR AHE9] A4S F-=31%

Table 2. Nucleotide sequences of primers and conditions for PCR used in this study

Target genes Primer Nucleotide sequence (5' — 3') Products size (bp)
27F* AGAGTTTGATCMTGGCTCAG

16S rDNA 529
518R™ GTATTACCGCGGCTGCTGG
LipL32F* ATGAAAAAACTTTCGATTTTG

lipL32 819
LipL32R“’b TTACTTAGTCGCGTCAGAAGC

 Primers used for amplification and sequencing, ® reverse primers

Table 3. The similarity between partial /6S rDNA sequences of various reference Leptospira strains and isolates

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
*** 100 100 100 100 100 99.7 97.8 97.8 99.7 985 972 978 978 994 99.7 99.7 100 99.7

—

2 *k 100 100 100 100 99.7 97.8 97.8 99.7 985 972 97.8 97.8 994 99.7 99.7 100 99.7
3 k100 100 100 99.7 97.8 97.8 99.7 985 972 978 978 994 99.7 99.7 100 99.7
4 *EE100 100 997 97.8 978 99.7 985 972 978 97.8 994 99.7 99.7 100 99.7
5 RRE100 997 978 97.8 997 985 972 978 97.8 994 99.7 99.7 100 99.7
6 k997 978 978 997 985 972 978 978 994 99.7 99.7 100 99.7
7 ¥RE 975 975 994 981 969 975 975 991 994 994 99.7 100
8 k0969 981 975 972 988 99.1 972 975 975 978 975
9 ek 081 988 969 969 975 972 975 975 978 975
10 ek 088 975 981 981 99.1 994 994 99.7 994
11 k978 975 981 97.8 981 981 985 98.1
12 E 0966 975 966 969 969 972 969
13 k991 972 975 975 978 975
14 k972 975 915 978 9715
15 k091 991 994 99.1
16 k094 997 994
17 k097 994
18 Rk 097
19 ok

1, partial 16S rDNA of L. interrogans Lai 56601 (NR074481); 2, L. interrogans Coppenhageni (JQ988857); 3, L. interrogans Autumnalis
Akiyami A (FJ154557); 4, L. Interrogans Icterohaemorrhagiae RGA (FJ154549); 5, L. interrogans Kremastos (FJ154564); 6, L. interrogans
Medanesis (DQ991471); 7, L. interrogans Canicola DB34 (JQ988855); 8, L. alexanderi Manhao (AY631880); 9, L. meyeri (LM16sRDNX);
10, L. kirschneri Grippotyphosa (JQ988856); 11, L. noguchii Panama CZ214K (AY631886); 12, L. santarosai Georgia LT117 (AY996805);
13, L. weilii Celledoni (AY631877); 14, L. borgpetersenii Hardjobovis (AM050569); 15, 30R; 16, AP33; 17, A-15; 18, M06; 19, HS-7.
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31, lipL32%= 94°Coll A 587 MAAIZ] 3 94Coll A 30% 319 GenBank databasedl|A] A& =z #52] A71Md
7} denaturation, 48 Coll 4] 307} annealing, 72°ColA 13 7} Bl #2519 31, phylogenetic treeE A2} T Tree
7F extension s=O.F 353] TEA|ZIoM, HF Wk 12T o ¢kAAS FAFE] 918 bootstrap analysis (1,0003])2
oAl 37 ¥EAIA PCR Ab=9] A4S fF=aiiith 248 Ttk fAd ol tigh WS- MegAlign software
H-ukth 54 dlZ20" S 2 template DNA tAl /55 & o|&3ste] AA43I3ith

ALEEFF o nFQ AS- oHalr] $181] aerosol resistant
tip= AH83SIt) S AHE2 Accuprep PCR purification
kit (Bioneer, Daejeon, Korea)E ©]-8-3te] AA| s F 7]

MaE Btk

HI|ME | accession number

o= h=ge]

FIAEE HwE 93 AR AVIMEEL Gen-
Bank database (National Center for Biotechnology Information,

NCBDolA] dglom Fxz ALgst AE~we 16S

HEADS REA H7|IMEe AE3t 24
= m - =T =° - DNAS} LipL 32 32} @714 E 2] accession number+=
A7IE EHE (F) Alg(Daejeon, Korea)oll 2123}  Fig. 1,29} Table 3,40 EAISISTH

\=] [e)
&E] T':@I'é‘

o XaPs}iTt. 16S tDNA 32 9 7]A SEl
27F9} 518R Eeto|HE ARR-EF3 AL, Lipl32 Ak 97]
Mg A4S 9jaA] LipL32F¢} LipL32R Zlo]mE A}

L3} dojR 714 E-S MegAlign software package
(DNASTAR, Lasergene 7.1, WI, USA)S] Clustal W& ©]-&

RESULTS

HE2T] 2] 16S tDNA9} LipL32 F3AE Bl =
3= ZelolnE o] &3le] PCRE a3t Ay} 157] &

Table 4. The similarity between partial /ipL32 sequences of various reference Leptospira strains and isolates

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 ok 100 999 999 100 100 99.7 997 994 983 952 961 959 999 992 99.7
2 ¥k 099 999 100 100 997 997 994 983 952 961 959 999 992 99.7
3 #¥k 100 999 999 996 996 993 985 95 9% 957 100 993 99.6
4 ¥k 099 999 996 996 993 985 95 9% 957 100 993 99.6
5 X100 99.7 997 994 983 952 961 959 999 992 997
6 R 097 997 994 983 952 961 959 999 992 997
7 ¥k 997 994 983 952 961 959 996 989 99.7
8 ¥k 994 983 952 964 961 996 989 100
9 #x 086 952 964 961 993 986 994
10 R 945 956 955 985 978 983
11 *EE 963 96 95 944 952
12 ¥k 997 96 953 964
13 k0957 95 96.1
14 *EE 0993 99.6
15 k989
16 ook

1, partial lipL32 of L. interrogans Lai (AY568679); 2, L. interrogans Autumnalis (JN210551); 3, L. interrogans 56601 (AY461908); 4,
L. interrogans Hardjoprajitno (AY461905); 5, L. interrogans Akiyami (AY461902); 6, L. interrogans RGA (AY461909); 7, L. interrogans

Pomona RZ11 (AY461910); 8, L. interrogans Canicola RTCC 2824 (KC800990); 9, L. kirschneri 5621 (AY461917); 10, L. noguchii
1011 (AY461918); 11, L. santarosai HS-616 (AY461926); 12, L. weilii LT89-68 (AY461930); 13, L. borgpetersenii 1409 (AY461893); 14,
30R; 15, KH-1; 16, HS-7.
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Figure 1. Dendrogram representing phylogenetic relationships between partial /6S rDNA sequences (the size of about 323 bp) of
reference Leptospira strains and 16S rDNA PCR products of isolates. The phylogram was generated by neighbor-joining analysis with

1,000 bootstrapped replicates.

ol .
shglth AsHom A4 H71Le] A71% 16S IDNA
f 7412 323 bp, LipL32 -4 727 bpith o5 %

714 €7} GenBank databaseol| Al H-2 thofst slE~v)E}
F7I L3 HlaLskGA 168 1DNA #3044 7 IMES &
Ag Ax s B2 o5 1570 T 1170 5, WH-20, 18R,
HM3, CH88-12, CH88-19, KH-1, KH-2, HK-12, A-19, M06,
MO07 L. interrogans 1ai®l 100%2] FAL=E YERA
o™, 30R, A-15, AP33-> L. interrogans 1ai®ll 99.4~99.7%
9] FAIEE YeERNRITE 28]l HS-72 L. interrogans
canicola®ll 100%°] frAM=E WERZITE Table 391 15

A w5 5 AR s/ w55 Addste] x5

16S tDNA 32t 71X d3e] fAE S HERATH
Genotype®| 1X|& &<187] flste] #F59] 16S tDNA
ASHAHA Q] BAS 83t A3} HS-7% L. interrogans
canicola®} S#22E(Group 1)E AN 1L, UYHA| 45
52 L. interrogans 1ai®} 22 2~F(Group 2)E A3t
(Fig. 1). LipL32 -2t 7149 248 23, 1570
T = 147, < WH-20, 18R, 30R, HM3, AP33, CH88-12,
CHS8-19, KH-1, KH-2, HK-12, A-15, A-19, M06, M07-> L.
interrogans 1ai®ll 99.2~99.9%2] FAIE=E YERJS oW,
U x] § 7= L. interrogans canicola®l 100%2] A=
£ YERATE Table 403= 1571 w5 5 i AQ] 370
w5 Aste] x50 Lipl32 F34 9714 4E
o] FAEE YERNATE Genotype] #1215 E1317]
fJate] #FE9 LipL32 fraxke] AlFEAyehaQl £4]
S Gt A3 147 d57) L. interrogans 1ai®t S8~
E)(Group 1)E BAJ3}313L, HS-7< L. interrogans canicola

o} Z2]2El(Group 2)Z 343+ thFig. 2).
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Figure 2. Dendrogram representing phylogenetic relationships between partial LipL 32 sequences (the size of about 727 bp) of
reference Leptospira strains and LipL 32 PCR products of isolates. The phylogram was generated by neighbor-joining analysis with 1,000

bootstrapped replicates.
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e 91T} (19), AEAIE 2SR SHe] 91
CRF EAbA 21 W o] ke o] ko PCRE 7]8ke.
2 @ WL ofe) WAy wel Weel f8a7 ol8d
Bl olje} AlRe Zo| WEATEHE LR sl
L AREE AL Y} (22). PCRE ©]&3F PE2T2} 54
arbitrarily primed PCR (AP-PCR), low-stringency single specific
primer PCR (LSSP-PCR), PCR restriction endonuclease analysis
(PCR-REA), specific probes 12| 1L real-time quantitative PCR

H
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&t A EZRE JEATE F& 7] s
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Axpe] A7IME B HR9] Al Fl 2 FAe £
Lo o] &5al, Ao EFHHoR &l o8y
o} (12, 15). =3+ E2~T]219] 16S 1DNA F G714 <E

& wol AeA o] Fo| BA FEF HARE AL

off %
o

)

o

gk 4= 9T} (12). LipL32 T2 npg & v o] =&
H o g A MEAA TPE FhE dhulo]m wjek
Folu e T AA oA HdEa, B e
TTE9] LipL32 Fxde] 2o lof o] 34}
£ o83 EATgte] FF 2 o] Wol AREEIGL
Atk (14, 16, 22).
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B o) A= pCR 7|W 3} A7) d BAS o] &3}
1570¢] = EFE B4 st o] #FES
I A o R BRd T «E—EH WH-20,

KH-1, KH-2, A-15, A-19, M06, MO7-2 L. interrogans &7
] a2 YYD, HS-7 I L. interrogans B4 H
canicola® TAFUAT. T2 77 5, = 18RI} 30R,
AP33, HM3, CH88-12, CH88-19, HK12 sNE3|g} Fg]5=
S A om ER7t o eHA A akERte] B
=] glol=l, o] F 18RI HM3E 7159 ¥4 P
TH=lo] 38 hongchon¥} yeonchon® 2 HHE 1} 9l
Oh EERh AP-332 =il 225 WH-209F 22 IAE lai
2 FAEAL, o] #FES MEL FHFHUS A
AbetE Bzt A0t (8, 10, 18,27).

® ArE S8 S 25 1l SAEeR
AEFBIN oM, o] F HS-72 EAMESA L. interrogans
canicola® W FE AL, UE 14 #FES EF L
interrogans 1ai= 5+% A ). Genospecies L. interrogans®l|
= ok 94 E,
canicola, pomona, saxkoebing, wolffi, pyrogenes, autumnalis,
bataviae 5o FHFo] EFHTE (10). wepx] =l
Al EEE dTES ﬂ}ﬂ e8| 02 lai, hongchon,
FEARARE, EAFAYE8HA]
o87E BF L imerrogansoﬂ e Zﬂ_‘li LHERSETE
o dH Y

< icterohaemorrhagiae, lai, copenhageni,

yeonchon, canicola -2

t}2 genospeciesQ! L. kirschnerioll =

cynopteri,
kambale,

(bogvere, bulgarica, butembo, dakota, dania,

grippotyphosa,
ndahambukuje, ramisi, sokoine Z18] 31 tsaratsovo)©| ESF
|} (10, 25). 9] 1570 5 ofoll E~Fe} st
AP318] RS F7E E4ISITh AP3l S A=
tE Aol 2zt {4 RaEdd ZF2 o5
5 AHESlT) & 2] 16S tDNAS} LipL32 %1
A= L. kirschneri®t 100% frAF=S WERd Bhd, O g
T2 16s tDNAS} LipL32 -3 Ak= L. interrogans 1ai®}
99.9% FFAFEE WERA 218 ER1513ITH (data not shown).
PE2I g 770 544 ¥F 52 FARTC] o
AL AEA oz A ok sk Wil AL Al
W= I Q= 270 o) el wEe] s £l 4
I} = labeling 2 ZF B o] Axg FZFo| vk 715A
o] Atk (28). ol¢k 2 HQle®m Qs M= v AP
A LW 7IZF FAE 2 sdg e #F7F A4
e SAS e 7 s BloR AlsEnh webd -

kabura, mwogolo, ndambari,

2ol genospecies L. interrogans 1= L. kirschneriol
s 257k EATE M 5 9o

B ATAE A2 ) PEAE Re) 7F 5
JRE BExpAEsHH o2 BEg] Bt dEAyds
A Y WA 5L AN 29 FHo] BEHol
& 5 olek WAelE Fekgel Auyt Syl T
2 ARSEIARE SR EEA Q] el 48 B ad
AzARE feliA Sl el vt dFEs o
For F IAES Ao 5 d8d Ao
= Abset
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