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. (7% BRFAF E0BERF e BRAAR, AR BT R REEFE 4 0 EIE
BERAOT S, 5L ATEANEHRBRRARLE FRHBEARM T H T 5B ARG
Kt [£R] Aot o0 B2 KRR, it AAREEGH R NM1108-1 F=
NM1108-5 4 £ B AR A4, AN ZME TIUREN A ZEK, MEBIEAXIE,;
7 AR AR R E AR RN BB A AR, AR R E A AR, W IR A AR AR, &
FEERKAE, 208 TR T, 4 B3 th 4 e B4R H # NM1108-1 #= NM1108-5 & T
Apis — /2B T & F L %, NM1108-1 5 S. turonicom & 4 — % ; NM1108-5 5 S. gladiatoris
Foh—x., (4] MbkF 2RIk NM1108-1 F= NM1108-5 44 4K dbfa 55 3| 40 4 4 A4 2.
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The basic biological characteristics of spiroplasma
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Abstract: [Objective] The purpose of this research was to analyze the biological characteris-
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tics of isolates NM1108-1 and NM1108-5 obtained from gadfly in China, and to determine the
taxonomy of the two isolates. It provided more information about interaction between spiro-
plasma and their host. [Methods] The gadfly spiroplasmas were isolated and cultured by con-
ventional methods. Dark field and transmission electron microscopy were used to examine the
morphology and movement of spiroplasma isolates. The taxonomy of the two isolates was
evaluated according to their biological and phylogenetic characteristics. [Results] A large
number of spiroplasmas were isolated from gadfly, and two representative strains NM1108-1,
NM1108-5 exhibited helical form in logarithmic phase. Both the spiroplasmas from gadfly
could use glucose, sucrose and D-fructose as a carbon and resisted to penicillin, but did not
hydrolyse urea or arginine. The phylogenetic analysis based on 16S rDNA and ITS sequences
showed that both isolates NM1108-1 and NM1108-5 belonged to the Apis clade but were di-
vided into two different branches. NM1108-1, NM1108-5 were clustered into S. turonicom, S.
gladiatoris respectively. [Conclusion] The isolates of NM1108-1 and NM1108-5 were initially
determined as S. turonicom and S. gladiatoris respectively according to their biological and
phylogenetic characteristics. This was the first report about the spiroplasmas from gadfly in

2013, Vol.40, No.5

China.
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1.1 HarigEikey o sk dt

Sy B PTG R 2 B C-3G fRifb )5 1) R2 45
FAE¥ S F 42 PPLO broth (1.5%, Difco 24
Al) . BRUENG A 0VE (B4 B 15%) | RE AR
(100 g/L) FIERLL, pH 7.2-7.4,

MR B FoRAEM A ML AR d AR AR, B
A i FH 1% H U R RRERTA A TR THIH 2 3-5 min,
FEFHTCR KPS 4-5 WK, FHTCHEE 2R a s
TSEITE, BUHESE, 75 6 mL Y R2 5537 KL N AR RE,
2 2 min; HFLAR 0.45 pm AL U hn 5t
U, BURFIERU B i R2 B3R 5 T 32 °C K5 3%
P EEE, & H SR E Ak, JF I mE
5 3 165 (Olympus BH-2 ) i< l® 1k e i B
XY SR R ATl
12 BEETE

15 24 I 2 B RS AL R AE A DR
B B H2E R P T .

1.3 HiriBRE KBRS R IE sh W 22

i LT G BT RS, B 15 b Ab XA
WRF AR T8I R b, o B, FERE
P e T B HAMAIE S Kz 8 K.

1 100 pl XHEA KRR R FE AR R2 £5
Fidk b, 32 °C JE3%, it Luis, ¥
B 3] & W 1355 (Olympus  Tokyo) W2 4= -
IR AR AT SR 5 KN

75 S 1 B (Hitachi H7650 1) M%%, B 1 mL Ak
TXPEOH IR ARG TR, T ARRR 3905 %
WIEE, T 4 °C #E 2-3 d; W E R
BTN, 8 2 min; HIELR TiEmw, H
15 g/L BSR40 s, FERIURLRE T,
WA 5 S L A I
1.4 HaraRfRREIRA AT

Az SR AR L R IR A I3 R R oK, X

ARG RGO, DL P 25 0 Rk
PESE

50 pl XPECA A B R SR AR A AN B I
B R2 BigRdkh, 32 °C W E SR, ek
B 3 WULE, B H WS FRE AR, I
PRET B I B Ik

14 50 pb Xof HiA: KA B MR B A 43 R A
A 0.5% I FEALE TR B L N 1% I BUHE HEA
Kigedbp, Hoprpplig: #4eE . D-2EB . D-K
B LA . D-2F3LbE . HEgRE, SUHA: FLBE.
T, RPN 280 0.22 um TFLSE BRI e BR
B, DA IITARDHRE i BEAS B 3R AL R2 5 R B4
Skt R, OB AR B 3 SR B R A AL B[R] Ak B A 8
FRELP PSR, WA 3 WL L, AR 3
WHK

rA: &R BUR RIS 7 k2 O [14] M 1
ok, HRERN 0.3%, Wl H: AR i e B
MIC (Minimum inhibition concentration){f il fz
KA HHE MBC (Minimum bactericidal con-
centration)fH .
15 HWBEANARZELEFES

F Chelex-100 ¥k $ B 4 i 82 )i {4 3% (A 41
DNAML B34 514, §73 16S IDNA TS (A
iU d% 16S rDNA & 23S rDNA #450F 41
165-23S rDNA [] B X ) 5 F Jr B . PCR L iR &
10xBuffer 2.5 uL (% 25 mmol/L Mg®"), dNTPs
(2.5 mmol/L) 2 uL, Primer % 2 pL, ¥4k DNA
1 pL, Taq B(5 U/uL) 0.3 ul, MK 25 ul.2 1%
BREWEEER UK IS, B A B — s 4 A AR
TEAZA AR I PRIBH By A RS WU Y o K0
JF 45 5 B A AT 1 SRR 51 L T R 1,
M ClustalX 1.8 #ffiftf 2 E X, JFH MEGA
4.0 B ARG K EME 71 16S IDNA L ITS
SIS 1 ok i 5 10, gk 1 PR .
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#£1 SI¥MEFIARIMAY PCR & &4

Table 1 Primer sequences and reaction conditions

S92 % 51915751 PR
Primer name Primer sequences (5'—3') Reaction conditions
16S-L AGAGTTTGATCCTGGCTCAG 94 °C 4 min; 94 °C 1 min, 51 °C 40 s, 72 °C 2 min,
16S-R TACCTTGTTACGACTT 35 cycles; 72 °C 10 min
ITS-L CCCCTTATGTCTTGGGCTAC 94 °C 4 min; 94 °C 1 min, 59 °C 40 s, 72 °C 2 min,
ITS-R CTATCTCCAGGTTCGATTGG 35 cycles; 72 °C 10 min

2 HGiR550H

2.1 HariERIRE DB RAEN

TEFTA RSN AR atrh, B i MR A
EBRE ST B BRI AR, 43R RRIA 100%, e
#| 85 PREREAA, DIHAPIAS 8 H AR A A~
IRHIC e 2 258 NM1108-1 ., NM1108-5 11 A #)f
GENTG, IF RS EE R R a5 B 4E5E 72
22 TEEETE

ZUE, 1 R A 1 F2 A i v AR
iif- Tabanus bovinus Linnaeus (XG# H Diptera, -
#} Tabanidae, J#lj& Tabanus).
2.3 Hri2REKBIRAS

STEWMRTE R2 WkR:FRIE AR K R AT,
32 °C HHE SR, MIRRIREESE 12 h, FEaRbkih e
B, 7E WAL EY AU T AT D K R R e 22 MR IR
&, IF HeNHE RS 2 BR s 30 (E 1),
AR RATE IR R2 B gk BIEgR 2.d )5, A4
Fige e 20 A e 8, 7R 80 U T AR,

1 BUHTERETUREMIBEREHK
NM1108-1 fi 75

Fig. 1 Micrograph of spiroplasma isolate NM1108-1
under dark-field microscopy
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LTSI, P42 82 AR T ke =2 T £
WERNERAK, HAEK/N 90 um (K 2),

R TGV AE i 5 L R T LS A
SRR BT S S5 (K] 3) o 2 i85 A R R AR A A G
HOW YT W22 ARIEHETE TR A, 7858 8 PR A5 4K
AT LRSS, TR NM1108-1 MK L
3.5 um, Ttk NM1108-5 (K 210 4.5 um, 12t
e 5 N, HARITE 180 nm A4

A B
,-/
@ 2
y.

60 um 60 pm

2 SRJF{RKNM1108-1 (A)FA NM1108-5 (B)HI &= & 2
&S (R215FxR£E 32°C)
Fig. 2 Colonies of NM1108-1 (A) and NM1108-5 (B)

3 BRAZHRFEEFRIETOES
Fig. 3 Electron micrograph of negative-stained isolates
T Sk TR Z B, A0 NM1108-1 (4 000%); B:
NM1108-5 (5 000x); C: NM1108-5 J=Bjik KKl

Note: Arrows: The unit membrane structure. A: NM1108-1

(4 000x); B: NM1108-5 (5 000%); C: NM1108-5 at higher mag-
nification.
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2.4 HraRRiRA IR (LR REA= I, DLW 3 BRIRIIAA: AR BTG (5K 2).
05 MR AR ) AR A AP, DL SR TR A AT A RE,  HLATA: R U

{& Spiroplasma melliferum CH-1 {E JyZ IR #k ., 551 Ry 20 A AR B AR AR TP i — SRR S
e R M MR ERETRER ] D-SRWEAIAT 2%, A B o apl A0Stk 3 Bk
EEVE IR, #RRNREFIH D-2P2UME. D-1ILUAY  BRJFIARXT U R U, HRERER . K
Wi, D-AKBE. FLBE AR iR NM1108-1 A1 EE . RIRE R, B EEXHRRAICHA B
NM1108-5 ¥IREFIFHRERE, M MIZEIA S mel- R 3 BRIEEAXT 4 Rt AW %S 4
liferum CH-1 WIS REFIFH BE#E; 4= 0 iR 54K il A NM1108-5, NM1108-1 X PUFR 2 At f5r/ek
NM1108-1 #g # FH H & B¢, 1 NM1108-5 5 M hasietB sk S. melliferum CH-1 B MUK, 24
S. melliferum CH-1 WIAREFI A HEERE; i #d2)5 Ak NM1108-5. NM1108-1 X T PR E & Al
TS IR AR AR RERI IR R AR FIRE R L IR K S, melliferum CH-1 UK
WAEE2ZE 5 3 MRIBIIAAE SIS IG5 AR Mg (3 3).

&2 HHXERRX LA BRI 1%

Table 2 Material utilization of spiroplasma isolates

Lickii XU HoAl 4 5
EEWELY S Monosaccharide Disaccharide Other material
Strains HE&EE D-AWE  D-2FIUME  ILZYEE  D-SME AN I EEE ORBAEmR RE AT

Mannitol D-xylose D-galactose Sorbose D-fructose Glucose Lactose Sucrose Arginine Urea No serum

NM1108-1 + - - - + + - + - - -
NM1108-5 - - - - + + - + - - -
S. melliferum

CH-1 ar ar +

T+ PR, FRoRRERIAL, — BIMERON, FoRAREFIH.
Note: +: Positive response; —: Negative response.

&3 3HRIERAR LM E RAER

Table 3 The sensibility of three spiroplasma isolates to some antibiotics

Pk MIC (mg/L) — MBC (mg/L) —
Antibiotic ) _ - melliterum ) : . melliferum
NM1108-5 NM1108-1 CH-1 NM1108-1 NM1108-5 CH-1

PSFR . 0.64 0.16 1.28 1.28 0.64 5.12
Tetracycline
e
AR . 2.56 2.56 2.56 5.12 50.00 100.00
Chloromycetin

)
ngtﬁ/_% 50.00 200.00 50.00 50.00 200.00 100.00
Gentamicin

V=54
_E;jlgﬁ% 100.00 200.00 50.00 100.00 200.00 100.00
Kanamycin
==F
H ﬁ? >2 000.00 >2 000.00 >2 000.00 = = -
Penicillin

H: MIC: BRI B, MBC: FeflR AR k.
Note: MIC: Minimum inhibition concentration; MBC: Minimum bactericidal concentration.
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25 HWEREKRFLZEESN

YeHE T MESF TS 16S rDNA, ITS 3K b4
A B8R i A 5 HA 2 NP S IR AR Y C R, )
ATy BRI A . S IR IR A2
JFfAR 16S rDNA, ITS 3l FH 5 | s D) B4 14 H 135
& NM1108-1, NM1108-5 i) 16S rDNA, ITS 551,
P 1 R W FL UK S B SR T M e — (& 4), &
DI AT AR NM1108-1 /1 16S rDNA ¥ 51K 43
S5 1 375 bp, ITS 1 368 bp; NM1108-5 )
16S rDNA J@ 3K 7 02 1 319 bp, ITS Ny
1 379 bp K FriliAE (147 51 #2538 5] GenBank 1, 3K
5T BT 540902 JQ966968 (1 375 bp).
JQ966969 (1 368 bp). JQI966970 (1 319 bp).
JQ966971 (1 379 bp).

HRAE 16S rDNA, ITS JF5IR HAREE A 2 T
R KRBT H (5.8 6). 35T 16S rDNA,
ITS PR R G0 & B BB I/ 43 28 TR s
FiEESZ Apis — KEZAF L, 16S rDNA J7
GIFHER) NI BB 7R: BBJEA S, sp. NM1108-1 5
S. turonicom Eh—3Z, HE(EH A 100%; S. sp.
NM1108-5 5 S. gladiatoris & }—32, A RE{E N
100%, ITS JFHIHEM RS Kk B WitE— 2D uEi:
BEA S, sp. NM1108-1 5 S. turonicom 3456 £
B A2 EA S, sp. NM1108-5 5 S. gladia-
toris JEL KRB .

1

2 M

bp

1350

bp

2 000

1 000
750
500
250
100

3 Wig
WIS R R K], R
%, FREMAL W AN AHS, ML, ASHIEL
FtE, RIMEEES, S lE2heitt, W
TAEFEE, OBk 25 E S X 4,
A 40 114 AT A A 3 X 2 o e R R 3 4 v
B A RN 22 K Y 25 K Fn 25 BRI RE IR T T RS
W5, AT S DA i P 4388 SR i AR A
PR, 20 BRIA 100%, W5 T H AR MR
Fk NM1108-1 F1 NM1108-5 [ JEA A= bk
TR [ N B A DA iR IR B AR B R 4G

TR E PRI A N R R RS HE, B —
A TE AR T B LA T 230053 28 5T FLTE AN AR,
B T R R AR AT AR AL, IR T
R G R 2F DS AR X o B TR R AT
A2, HAEYFR U R R G R B 2F T T
o GERER 2 B MIRFIATE R2 BRI R
WK, ESAERRMN R2 WAL ARRE
AR R AT, I AR s AR s A e AR K R v
TrELMLYE; WL e DA R i Y F A N X
B U] R A S A R, AR 2z
8l XEERAEEELF A Brown S5 XA R AR )R
(Spiroplasma) T 25 AU RIS, 2 - 2 JE A T
NM1108-1, NM1108-5 #IARHEFIHIKRE; HERAL

M

1 2 bp

1370

4 SZE{KEFE 16S rDNA (A)FR I TS 3 1 Bk EE(B)
Fig. 4 Electrophoretic pattern of PCR amplification of 16S rDNA (A) and ITS (B) of spiroplasma

Note: M: Marker DS2000; 1: NM1108-1; 2: NM1108-5.
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Spiroplasma lampyridicola AY 189134
Spu oplasma mirum M24662

U A AN10019
100 I optruptu.smu (,HI_)/AU[HLUHJ AYIL10Y14L

AN 1Q

100

| 0200
v optr Uptuomu .)_ylynuucutu XY TSF5U7
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- Qgr Spiroplasma penaei AY771927
S,

piroplasma insolitum AY 189133

100 [ Spiroplasma phoeniceum AY772395

Spiroplasma citri M23942
90 L Spiroplasma melliferum AY325304

Spiroplasma platyhelix DQ860101

Mycoplasma hominis M24473

|
0.02

5 #RYE 16S rDNA EFEMERREAREZ B R(NI 7%, 1500 %)
Fig. 5 Phylogenetic trees of 16S rDNA showing the position of 2 spiroplasma isolates among the genera Spiroplasma
and Mycoplasma based on Neighbor-Joining (NJ) with 1 500 bootstrap replications

W OUFRBH, I 438 ) 2 B i AR 5 2 e R
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ERIERE ) LA 225 TR BT B R R B
PIXT 3 BRI A TCAT a0 sl SO EH, X2
PRI A 5 5 2R A FH AL B2 000 ) 248 T 4 B 1 5
B, TR EARTCA e . He 3 FibiE Zr/EM

ML D 2 BRI A A, PRITXT 3 REIER
SRR A KR SRR EE (52 . ASRIPTAE R X
ANTRIRIEAR R AR A K B g A AE e 25 5, Hoh LAY
AEMGIEH R, HROEAER . KKEE.
FIRER.

T FEFET 16S IDNA JFFIA LT ITS ¥
GURE 0 K BRI, 43 B Y AR R A
NM1108-1 1 NM1108-5 J& T Apis — Z{HJ& T4~

http://journals.im.ac.cn/wswxtbcn



836

A=) 24 384 Microbiol. China

2013, Vol.40, No.5

[ 57, A i2E K NM1108-1, NM1108-5 5%
W25 A S, melliferum CH-1 354 X R, R
K. HETTERRHE b O s i R s AR el
B R T RE LB W Apis ix— K ¥, Hf A

WFFE B0 B bk NM1108-1 JE4% ZR AT Y 2
S. touronicum, HBHEAYSE S. syrphidicola, Ef14
14385 [ 75 E Y Indre-et-Loire 525 [F ) Maryland;
5Bk NM1108-5 3% 4 % R 5L 1) )2

641 Spiroplasma cantharicola DQ861914
_l—|— Spiroplasma diminutum DQ004920
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DO439667
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Spis
1 [ Spiroplasma apis AY736030
98 Spiroplasma montanense DQ004925

Spiroplasma corruscae DQ004943
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100! @ Spiroplasma sp. NM1108-1 (JQ966969)
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79 <I-|7— Spiroplasma velocicrescens DQ439666
— Spiroplasma helicoides DQ004903
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® Spiroplasma sp. NM1108-5 (JQ966971)

100 f
63 Spiroplasma gladiatoris DQ004899
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100
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— Spiroplasma alleghenense DQ004922
1000 Spiroplasma sabaudiense DQ004907
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100l

Spiroplasma platyhelix AY800347
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57\ Spiroplasma citri DQ004934
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—
0.02

6 IR#E ITS EEMZIRRRL FHI(NI 7%, 1500 %)
Fig. 6 Phylogenetic trees of ITS showing the position of 2 spiroplasma isolates among the genera Spiroplasma and
Mycoplasma based on Neighbor-Joining (NJ) with 1 500 bootstrap replications
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S. gladiatoris, #: i) S. syrphidicola, #FJEM
S5 [ Maryland - RHE 325 B AR 2, A UEHE 2
EATRIRS R S I B A W2 M AHDCE, X
Al RE S RHZ AR RIS E AR REA A G, AR
ST 2 PR 08 i A Y SR A b 1 A 3 [ i
TIKHEE, T 16S rDNA Il ITS JFAIM AN A H
WRIEANTZ R EE O REGE . AR —H AT
OB BRI RBE PR, A [ A B
Sy E R ISR SO R T REARGT, 1X SR I b B
DA RSLE YN PS> SERZERTE AN IS
NM1108-1 5 S. turonicom % Jy—37; NM1108-5
5 S. gladiatoris R4 —3¢, H A RMELILF] T
1000, M\ F& [ bRk i 32 45 5 2 1Y PO AR B o0 ) 5
B A P RRAR E B AR SR 20 8 RAER T . S, tu-
ronicum A1 S. gladiatoris 3 R4/ B R (14 1L 775
R HRIET X VIR X X N4, AR
B 1 16S rDNA XJ 34 A~ IfiL i 21 14 W S A4 ) e 2R
BRBRE, Sl IR AR RGO R S
L7 2 S A 56 28— 30720 iy Ao A i 7 3%
] B BN PR TR 23 0l 8 T s AL X VI A XX
N2, LA S 1 0037 B A o B 4 T 199 I 9 23K
IS IIE o AR A 2= R R G R B 2E R AT
2 gy W R B R NM1108-1 14432 Hiu 57 W) A5 1 7
A S. turonicom, 11 NM1108-5 J& T S. gladiatoris.
WY FERA b T AN i R AR, PTRES 0
FI T Z AR FP A IR AR B K

Bift: A A AR g B BB K e Hadk A
FE T A ERERFAGHZREE TSP
R, i eday, F2Ta
TAREKFHRZRFR L RF R INKEEL T #
W B, —IF T RS RSt

2 % X
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