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Abstract : Objective

acid from a fermented food. Methods

To identify nine strains of wild type bacteria (SZD strains) which produced high optical purity D- lactic
According to the phenotypic characteristics and analysis of 16S rRNA gene sequence, the SZD
strains were identified to the species level,and then these isolates were identified to the subspecies level via the multilocus sequence
analysis(MLSA) technology based on hsp60,pheS,rpoA and tuf genes. Results The similarity rates of the corresponding sequence
of 16S rRNA gene among the SZD strains, Lactobacillus coryniformis subsp. coryniformis and Lactobacillus coryniformis subsp
torquens were more than 99. 9%. The similarity rates of the corresponding sequence of pheS gene among the SZD strains, Lactoba-
cillus coryniformis subsp. coryniformis and Lactobacillus coryniformis subsp. torquens were 100% and 97. 87 % , respectively; while,
the similarity rates of the corresponding sequence of rpoA gene between these strains were 98. 65% and 100% , respectively. The
similarity rates of the corresponding sequence of tuf gene among the SZD strains and two known subspecies of Lactobacillus coryni-
formis were more than 99. 00% ;in contrast, the similarity rates of the corresponding sequence of hsp60 gene among these strains
were less than 99. 00%. The phylogenetic trees constructed by unweighted pair-group method using arithmetic average based on 16S
rRNA,hsp60,tuf and pheS genes showed that the SZD strains were independent of the two known subspecies of Lactobacillus cory-
niformis,and formed a unique branch. Therefore, the SZD strains were identified as a novel subspecies of Lactobacillus corynifor-
mis. Conclusion According to the phenotypic characteristics and analysis of the 16S rRNA gene sequence, SZD strains are identified
as Lactobacillus coryniformis. These isolates are identified as a novel subspecies of Lactobacillus coryniformis via the MLLSA tech-
nology based on hsp60,pheS,rpoA and tuf genes finally.

D-lactic acid; lactobacillus coryniformis

Key words: multilocus sequence analysis; identification;

FLRR B4 o JRRETI IR . 2 — il o 2 3% W e i L JE T e i
TJRORE AR R BE 2 ARH i AR 2 L TR AR T
Uz g A EEREFENES . TR TR -
X 4 B BT o TR A A R O S A A B A T LR (D-FL
MO MR FL MR (L-FLI) . B AT L-ZLAR B9 42 )™ 12 A o3 5 i
FHOR T AR H B 1 D-ZLER B A RO S 2 L LA B
21 D-FLIR N A% 29 L-FLIRAY 5~10 f% . FLERAY 4™ &
TR R W R W 4% D-FLIR Y T HOR B e 2 7
TGS OGR4 KT 9720 DL A W Ak B, =

FEF RN WKW 55, 3R BRI, 3258 IS 0 1 28 SR 50 Y BT 52 T4

S Al BE D-FLIR T Ak 1 18 EL A T ORI B 5T 60 (8 R 1Y B
FHTT S AR IS R B b o s O a4t 9 BREFAE T kL
D-ZLRR G SH 15 100 % 6 Hodiw 4 Oy SZD Btk 9 28 3 8 h
B MR FL AT B (Lactobacillus coryniformis) , A< 3C #0301 £ {7 /5
Fe g a3 M (MLSA) 8 R Z5 & 70 #1319 4k BF 4 B Bk 19 16S
rRNA . hsp60.pheS.rpoA K tuf & K 5 LI xFH k47 0k — 4
1 #B57%

L1 FRSA 9 bk SZD HR I 58 A BRI Y —Fh R B

& GEIRMEH  E-mail : zjp99 @ vip. sina. com,



e 2648 - EFr i E £ 4% 2013 42 10 A % 34 %% 20 31  Int ] Lab Med,October 2013, Vol. 34,No. 20

WG 4y Bl SZDA1, SZD-2, SZD-3, SZD-4, SZD-5, SZD-6
SZD-8.SZD-9.SZD-10, H v B fC FE M 4 #k (SZD-2.SZD-5.,
SZD-9.SZD-10) f % T+ B 43 Az 0 vl R 4 9 A B 2% B 4 35
WA O AR S 43 31 : CGMCC No. 6891~6894,

MRS [ 35 3% 56 3k iy (b 0 BAE R A Y B ARG R A
7)), Chelex-100 #fJi§ (3% [ BioRad /A &) . g H G-10(3E [H
Gene A F)) , IR & € (3£ [F Promega 24 7)), Ex Taq 4 i i 7
# J% DL2 000 DNA Marker ¥y [ 59 TR KXEARAA.
16S rRNA LR Ay 18R A1 16S rRNA LR 41 58 H 51 9™ .4
NEAMSEREEGT AT 8 BRI, LRGIY
B EwE T A TRARA RS 51WF 5 %k L.

*1 SIDEHEENERY AW

[ERibR 3| S F (5" ~3")
16S rRNA F:AGA GTT TGA TCC TGG CTC AG
R:ACG GCT ACC TTG TTA CGA CTT

hsp60 F:TGG TGA TGG GAC GAC CAC TGC
R:GTT CCA CGG ATC TTG TTC

pheS F:CCG AAA GAT CAT CCC GCT CGC
R:ATC AAC GCC CGC TGC CTT C

rpoA F.GCG GCG TAT CCT CTT GGC TT

R:TCA TCA TGT CAG CTT CAG TCT TGT
tuf F:CGC AAC TGA TGG CCC AAT GCC

R:ATG ACG GCC ACC TTC GTC CTT G

1.2 fU#  HAMRFRAERE S GL-150 T3 i 1 iy HAk I
IRAL AL v A BR A B, TG16-WS & 20 3 380 55 O L (K v 45 i
B AL 25 KR A ), TC-312 PCR Y (3% E Techne 24
7])  EPS-100 #% B2 A 1Kk A (i 2 BHU R 5 4 A PR A FDD 5 Gel
Logic 100 #E i i ¥k B2 A (35 B Kodak 23 7)) .

1.3 ¥k

1.3.1 JEHZ DNA$2I e T i 25 % F /K BL il 526 Chel-
ex-100 MW . 76 1.5 mL B .04 P IR E 5% Chelex-100
NV 200 L, FTC AT 28 N MRS [ 7k 55 35 5 b BRBUSE = 3
BB DA R BERE H A Y F 0.5 AN FE R R R .
BRH W B L E MBS 30 s J§E AT H IR %
100 CJm#4 10 min, B EIFE G 12 880X g #.0> 5 min, [IE
B AT — B0 PR R AR, —20 CRRAAERH,

1.3.2 PCRRE¥ 8 HMILE K Lkl 4 09 SZD B bk %
A4l DNA fE 25 PCR ¥ 1§ 19 5542, ) N ik & H 10 X Ex Taq
Buffer(Mg"" Plus)5 pL.dNTP Mixture(£% 2. 5 mmol/L)4 pL.
514 F(10 pmol/L) % 514 R(10 pmol/L) %& 2 L Ex Taq %
A5 U/pl)0. 25 pL 3L 20 DNA 4 pL 41, )5 6
FEFAKMEE 50 pl. 16S rRNA F:H 15 PCR I 447K «
95 CHIZAPE 5 min, 2R )5 95 C48 4 1 min, 60 CiB k 30 s,
72 ‘CHEAf 2 min,30 MGG 72 CHEAH 5 min, 4 1~ [ %Y
FF M PCR R A& R :95 CHIZEE 5 min, X5 95 CARHE
30 5,55 CiBk 30 5,72 ‘CHEMf 1 min,35 NMEHRJG 72 CIE i
5 min,

1.3.3 BMIEREYHLEREEN I5 oL PCREY T 1.5%
B W O R L T, TR 2 W e S o R R R ik R 5 £ HEAH L
BN H R E R 3 3 5 . PCR P2 ¥ 2% Jb 50 Kk — i A )
B AFIM .

1.3.4 HWMEEFEEEERREKE S B LT
TR IR E (http://rdp. cme. msu. edu/index. jsp) Fl GenBank
(http://www. ncbi. nlm. nih. gov/genbank) , ¥ 15 4 SZD 7
PR 16S rRNA N 73] K i A gt 5 W 75 5 EEFEH B

T A% IR 5 B AT )R 1 X L G 2R R AR B 1
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Bank 145 2 H 2 25 WAk 19 A0 N EH 9 2K T 8 . 8% SZD B bR
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X% (UPGMA) # gt & 48 i b 4%, I 54T 1 000 Ik boot-
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2 & ®
2.1 16S rRNA BRHY LR rA WK 16S rRNA J K
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I P 25 R BRI AR o 5 22 R SF AR A i B e & — 8. 45 B
By R o 0] 58 4 — B0 i B # A8 2 GenBank B 565 L3 2,
*x2 SZD B# & B EE K 5 GenBank RS

4 GenBank % 535 J7 5 (bp)
16S rRNA JX914660 1447
hsp60 JX962355 513
pheS JX962356 423
rpoA JX966341 687
tuf JX962357 591

2.4 HMEHEMEHEEKRGELEE WS R  SZD HWHWN
16S rRNA FL[H K 4 A~ 25 [ g 5 2 B8 5 3 55 Bk 20 AT 1 [m] O
PER R 5 R LT T LR A 25 R 3 3 I T s A T T 2
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by L AF B B A ) IR 4 IR = (9 4 Lactobacillus. backi, fix K ¥ 37
AHALR A 96 Y6 5 hsp60 3K K& pheS % [/ 5 H b 7L AT 3 1 Al [7]
TR S 17 14 359 S L % T LA B B R 0 AR AL 36 43 3 R 85 %
80 % srpoA Fk 5 HoAth L AT 1 B b [ VR P A v 1 SR oK L
FFH - B RFFIARL RN 7990 5 uf 3 R 5 A 3L AT 5 5 Fl R
T B 0 A Ol T I ELAT BT B R R SRR Sy 84 %%,
3 it it

T o Wi T AR 09 B SZD B MR35 R #E 2% BH T S AT B
T TEA X T )y R AR L e pH 4.5 A 1l il M
S AL TR B P o S 7 | I N5 1 A, AS TR AR I TR . DA 4 B = D-
FLBREARFES . B SZD B bk ¥ & B H 2% B 45 25 0 L i b
SR 2 FURE R H B RN & WEELRE IS B RLAE B L 4T 4
N NS N YR N A R
BRI A bR . SZD T Bk AY b i 3 W AR AE 5 Ik L FF R AT .
A B R LT B 43 S R S A R L Bl I R . BT SZD B Bk 3
KA RO K WK A T 4 R bk B LU AL 5 R EL AT
B B R A A4 BT SZD B AR Y = D-2LIR L 8 4R i R
b R & B2 R AR TR RO A R R SRR 5 R L AT
PR IR S b A 5 M R AT . IR I AR B R TR AE G SZD T
TR S 7 b B RSP AT BT A 260 I e ol AT T — o
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16S rRNA 5L B J3 51 55 #5 0R 2L B8 4 0k S0 o S 411 it SI7 A iz
FEA AR LR 4 35 99. 9% LA b, Bk, ir A5 SZD @bk 4 % 5E
S R IR LA B AEER IR LA R A COHDE AP ) 16S rRNA JE A
JPAlZ A 22 5 KN AL FE 16S rRNA 53X — AN 5 B 6 2 4% SZD
TR % B WA K,

MLSA $ AR @ 11 % 2 4~ 3 H (5 B #4174 B iR 286 o
Mo of ARS8 — A Lo 1 o] £ R el i 56 R0 PR i
LA T gD RNA BE M o AR rpoA JEH 4 N &
BE-tRNA & BUHF o T3 pheS £ 4 % BH1% 4E f# 5 F Tu
B tuf FE DN LR i AR 78 BB 60 Y hsp60 &[T RAXT SZD
FAR AT — 20 1 5 X BB L P 8 16S rRNA P H A &
B o3 AR B PRI 68 7 3 9 R T B T 5 % 0 R G 1 il
B 22 ] 1 % 0, Naser 2809753 51 43 746 32 98 A~ Fh A
17 AR 201 Bk ZLERFF 18 19 pheS K& rpoA JEHE )7 51 & B,
pheS JLHE M FI ) £ 5 K2/t 107, Fis T KL @it 3%;
rpoA HFWFHER K EZHMI 5K . N ERKZHMT 2%,
SZD BRI 4 A8 A 4 T 56 B 5 L At LA B T A 0 TR R P 22
SR FBET 1500, SHAR LA E 0 W IR M5 2 RN T
3%, SZD MR 35 % 5 A R LA B . SZD W Bk pheS 3 H
T 9] 5 bR L AT T A bR I o B L ot S 19 R S T 370 ) A B 2R
2350 100 %6 F0 97. 87 % T rpoA J PR 71) 5 e R AT R
S R FL S P AR Y 3 A L3 4 B A 98. 65 % il
100 % 5 tuf 3 [H )5 1 5 B bk LA B 6 4~ E 40 2 bR 5 57 1 A
LR 99. 00 % LA 1, 1 hsp60 3k B T 31 5 4 4R 2L A 5 9 4
B 0 R AR R A0 A T RL Y Ol 99. 006 AR . A B4R
B, SZD TRk 4 A5 g 3 R R AR IR ZUAT R A B
HIE A 5 R 58 4 M 45 . 78 1 UPGMA 3 # # 19 %& F 16S
rRNA hsp60 1 tuf 3B 19 3E 0, SZD 3wk K R 20 4 14
FI AN EHOE B R R % R R IE R — A4y ¢ 1A SZD
B SCRIIE K — 4> . 763 T pheS 3 A 219 1k A
Hh L BRER FLAT R 00 A B 0 R RIS AE W] — A4~ 4 2 L it SZD
WHEEAHERLE TN 40X, SIDHENRZERE -
M 7 T HBR LT BT 00 T A BB AR I B — S

g LT . SZD Tk %5 5 R B AR FLAT B — A B D,
WA 4 A IR 3L AT Bk 7Y AR B X B Ak 8 CGMCC No.
6891, fHICIL 2 16S rRNA JF 3 & Lk 4 48 1 4 15 5L F
750 53 Bt - #B R B 3 P Al 9 — 8 40 e A AT o i L OR AR &
B DL KP4 M DRI EL AT — 8 B R BR DL IR, SZD B Ak

M B 28 S5 08 S I T B A B R K 1 S HOR L i DNA
B G+C & & . DNA-DNA Z8 52 BRI Pk BoR B 2 28541k
P3G 0 BOK 2 35k M A S AL 7 46
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