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i 2 7% ¥ 7 (Peanut witches broom, PNWB) &4 ¢ 4 (4% ( phytoplasma)
“rildez g E o Gyrase . gyrA 2 gyrB A & BEF N eh5 i A subunits
% i Bsubunits #r& e le s o AFT Y ST A HERER FTE QrBE grrA
& FiE 7w o 11 Acholgplasma laidlawii = Mycoplasmaspp. * ‘= 2. gyrB # Fi&
FUH P R FT RSB R PCREIG o ek p P itk 2 DNA 2 24
etk > DNA & ficfr &~ w2 7 PCR F Ji > %% ,}%:«‘I,%f?_f%i DNA i R pFEv &
#- 14kb ~ ] 2. PCRAZ$ » } FE 5 iRtk > DNA % #i9% » 27 PCR
FORPE xRty Ao gt 1.4kb o] 2 PCR A 47 :& fﬂ‘f*‘l e B 72 & 47 % v ¥
I A E NCBI R RS gyrB 2R Flz fr4 e/ 71 2 4p it » T gt B 5K
= PCR 5'—“5%«"1%*5:". iE T PR 4 0 T LL#ﬁﬁl?r’J'i“if%#Jﬁi’%& FF
ZAFIREFEHEEL L T fER N L G PR 7 REFQyrB 2 ORF 2 £
EFHod B wEFpt Y g AE FABEAS grBE grA AR
coupled (gyrB-gyrA) == ;%33 & (Ladefoged et al. 1994, Oppegaard et al. 1996 ) -
- HEANZTEDOGQIALAT A 2 ML fEE R L grB A TR AK
;L— ksl 3 s 3 GCG A FIRE P Je B ¢ 3= Bacillussp. ~ Mycoplasma
genitalium 2 E. coli % A2 gyrA R FIVifa R 7 & Mér& 7> 817 gyrA 2K 7
B v 42 F 513 (reverseprimer) kit o BT QAR FiE A 2 1 0T o
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Abstract

DNA gyraseis atype Il topoisomerase that i? atetrameric molecule composed of
two A and two B subunits, which are encoded by the gyrA and gyrB genes,
respectively. In order to clone and analyses the gyrB gene, a pair of
oligo-nucleotides PCR primer GBF2/ GBR3 was designed according to the sequences
of the gyrB gene of Acholeplasma laidlawii, Escherichia coli, Bacillus sp.,
Saphylococcus aureus, Sreptococcus pneumoniaeg, reptomyces spheroides,
Spiroplasma citri and Mycoplasma spp.  Total DNA from diseased periwinkle
infected with phytoplasma associated with peanut witches' broom (PNWB) was
prepared for PCR reaction to amplify a 1458 bp-PCR fragment of the gyrB gene of
the phytoplasma. A 768 bp-PCR product was then amplified by using the primers
GBF3, GBRS5 synthesized according to the sequences of the 1458 bp-PCR fragment
and used as anucleic acid probe for the screening of the Lambda ZAP 11 genomic
library of PNWB-phytoplasma.

Keywords. gyrB gene ~ gyrA gene ~ peanut witches' broom ~ phytoplasma
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4 F§ 1 (phytoplasma) » & & i1 & 48 (mycoplasms-like organism,
MLO)> £~ & & chiidr s m > 7 i % fe b A E 5 2 fuasﬁ .
XX R RE R M DT R} AGES T AP R L
phytoplasma #7514z (Agrios, 1997)  J* 5 &t s & & 1967 £ 45 R » 2 d 3¢
HLPREMAIISHEBRFATARA ORI AHE AL 2 4
B ja s 3 2 (Lim et al., 1992; Sinha, 1979; Sinha, 1980) = =4 # ¥ 5 ( peanut
witches' broom, PNWB) t /i #H £ 20 iEip 2 6 &3 ¥4 R o B RISHET
i A b op R F A ATIAc2 53 (Yang 1988) - PNWB =4 ¥ 75
284 Ep (legumewitches broom) 2 - » £ 0k » Ss i £33 ¥
RPN oRT AT HAETL AT IFEREFRS -

=T
DNAZ%A &+ it (748 © ~ 4% v}m% DNAA + [ e f AZIR S HE4-3 &
WA E R o @ f f RDNA R AL S S AT 2 £ ATE EERDNAS + A

ot

> f AR 0 - RS w‘étﬁi’;% (topoisomerase) - DNA gyrase
- 45t 7 - £ DNA topoisomerase |17 #i(Gellert et al., 1976) » & % F # it
gyrasedv .4 gyrA 2 gyrB # F)& B F s BA subunits (GyrA) 2 A
®B subunits (GyrB) #7% I %= che &48 (tetramer) v (AB2) (Klevan et
al., 1980) - t-gyrased+ + GyrA subunitf. ¥ *» %72 £ 37 $DNAA + > GyrB
subunitf] £ § ATP-k fZf% % 7= 1% (Mizuuchi et al., 1978, Maxwell etal.,1984) - d
WDNAL F i FAFE ~ B S EBEPF IR H T | AQ Ry a8 F 0 4T
rigyrased-v w2t R84 1-*#%\&’ - BiRE& LS o ﬂwﬂ’“ THRI A A&
EpphF T2 grBh T2 grAZ FlanE s o Fot o d 2 8w e 2 gyrBE
QAR Flenfr ph 2 = AL B S| B en X B 3 i HHE 4 A 7 #DNA gyrasefis %
hoeFT Y F L F- R ORLE R fF o

¥ prEF
B DNAS + S FDNAT #d B L 1t s 3 o - i
BT YR A LT MY F b cnDNAA F £ % - ﬁ@f,. A I
(negative supercoil ) © DNAA & %t (747 § ~ #&k ~ B 47 pF - 38 5 - DNA
AR Bk L EDNAAS F B QUSSR AR ko A f F K
DNA f A2 i3 5 g 2% &% 18 £ 471 B EMDNAAS + 252 [ Al S erps 4
- B drE % (topoisomerase) o fim A ¢ hdpipEE T A A X (type) ¢
Typel # 7z DNA topoisomerase | 2 DNA topoisomerase Il  i&— #gendp % #1 &
FoengrgEE T - & e ®DNAL 3 hdp § b e R linking number - 7
i B A AL HLDNAS 3 (718% o @ Typell5DNA dp#pE Al e 2
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Type lI:7DNA g p2 % & = (7% pF » o $¥DNAA F Adpd & 1 0= Blinking
number > 7% T R G6 0 F =k 3R A S EEIDNA S + (7 5% (Reece e al., 1991) °
DNA gyrase t— 4w+ £ DNA topoisomerase |l s #i > &4~ _%1976# pF d
Gellert® § & 2473 ~ %1% 5] (E coli) * £ Lambdari ] # site-specific integration
FOMFIF R ROPEIRG - T R X R AR R 2 DNAS R R G R
B KDNAS + ok o prid i 42 3 gyrase(Gellert ef al., 1976) - gyrased-d %
TF A FATPT R f AR EDNAE R = B IEKRDNAY > ¥ - 2 g e A
ATP: ™ it IR ADNAS 5 f 423 ek iy o Alw ‘p?lj N S RSl Ay
gyrasedv 2.4 guA 3 gyB A Fla u i ad B A subunits (GyrA) % &
®B subunits (GyrB) #7 I %= che &48 (tetramer) v (AB2) (Klevan et
al, 1980) - fgyrased-¢ + GyrA subunit§ # *» %72 & 7 X DNAA + > GyrB
subunith] & % ATP-k f#p% % /%= 12 (Mizuuchi et al., 1978) - ™ E. coli i ] GyrA 3~
B ARA 5 FRA T Fed B enCoh 93001 e it £ 3 ZDNAA F 5% & hrh i o
A 3o FNBRIEf F 7472 £ 472 SDNAA + 5 GyrB3-v B 2.GyrA v 2
DNAF ™ & 3 (%3 cPATP-R 2% % i 1 av K f2ATPr 4% ik .1 DNA A& & 35 =
AR R i £ (Maxwell etal., 1984) - 2GyrBi-v St » & ff LB it
SBHEEATAEF- AP RESOL R > & Badllus subtilis Borréelia burgdorferi,
Haloferax sp., Mycoplasma pneumoniae* Saphylococcus aureus® & i = 1% 14 0
GyrBd-—v 4 Z - B ¥ #h 73 &> E coli, Pseudomonas putida® & jf ~ 15127 > =
| 1501 M= pe 2. B 7 (Huang, 1994) - @ &gk Flenas i + > & 7B L FHE
B EY B AF LR d A FH4E coli ~ Pseudomonas putidat gyrB
2 gyrA- A TRl B + Bak A (Ladefoged et al., 1994) & & & & FF < B LF L
= FEF ¥ AAp Ao bl4de tBacillus subtilist gyrB* gyrAz FIE WP FE214 1 kk
& o @ fQaphylococcus aureus?. gyrB% qyrAz F1RE - TR IE3OBe A 0 H I B
Mycoplasma pneumoniaet gyrB* gyrAE 3 1 4 A& 0 & 4 (Huang, 1994)- % gyrA
2 gyrBA FliE F T P A g B LR '*’1‘4 EN S E —?iaﬁl LA TN e
Al grBE grAR FlE A BT e > A AR FAB LR Mycop/asrm
gallisepticurm(Forsyth et al., 1995) %2 Haloferax volcanii (Holmes et al., 1991) *
gyrB: gyrAsc 14 cotranscriptionsi= ;¢ #& & 1 gyrB-gyrA polycistronic mRNAA 3¢
2_transcript e i€ & fe B3 £ X B 1 R e Qaphylococcus aureust gyrAzs F1EPx i
P Tldr &2 7B gurBRA FiETE P e o

Aogyrase d-v h& B> @ > Menzel & 4 (1983) *t E. coli } RT3 g ) %’%
d #r4] DNA gyrase siiE 8> ¢ Rk e p DNA & 3 253 f Az 1 mﬁ}i F
I 2w EEIT GyrA 2 GyrB v & S £ 4 1 T B2 o dasegyrase H-v
g 7w Bd gyrase A p TRy @ 2 2wz b DNA /n\—‘rﬂia“ foATYl Seh
2R 7 ,a B oo d 2t DNA & 3 e (747l ~ B4 & E e IR 3] | AR S
FEEE o Trigyrase kv A S T}*” W um:ai:z g1k § o



g =k
RS KiRZ Fafied 2 DNA (total DNA) 2 # i
A9 5% p p % (periwrinkle, Catharanthus roseus) i % sk fe 4 kB 7t f8
TR - I %+ (dodder, Cuscuta australis) 1€ & ¥/ > #-1-2 ik b 2
RIS AT 92 @ 0 pp % btk (Yang, 1988) o B 2 ¢ 2 1% % 4
(sidegraft) %7 o @ 4 XDNAJ# B2 3 2 1 & 2 %4 Ko% 4 e ;% (1994) -
gl o
TLAERRRATE QB A RRE Y PRESs UF
AEERTA AERBRATMGB 2 s I #HIE AT
FREFETHE S - P RFSHTL EEY TEREAFIRE (7 6 < F
A B R A N - PR PRFS A 2T g A ATR
(GeneBank) ¥ 4c & # s ‘wm A igyrasesh F1 A 78 7 v 4 (alignment) ) i#45
NMARFIE A2 BT Mg D% (conservedregion) > I 445 EE R K 2 )
REpeEa 4 F B2 513 (primers) w8 i 1% B & 2% @4 & & (polymerase
chainreaction, PCR) # fesm B B % 2DNA™ #-i-2 B Emm k F T2 304
gyrasefk ] ¥ Bty (amplify) &1k > 2 {5 £ 72 pCRIIP-TOPOF 48 & 448 i& 7
PCRA 4 2 & 78> 18 (T E AR » ¥ R (T EPCRA ) 2 T/ 2 A 47
BRI ATE VT PCRA Y & -2 ZE o R ) T HWoyrasesk Fl2 3n4 7
i o W E & b A R E P T -H 4 - DNA (insert DNA) 3 it sk &0 4R fF
LAY 2 PR o ARY LA B & A BAE T
(- ) REmAzE4F & (PCR) 313 (primer) 2 XA REBFAHF
B d RRFELF L IRE & F B 74 45 308 (GCG, http:/geg.nhri.org.tw/ )
A FF 4 E (genebank) % NCBI (Nationa Center for Biotechnology Information,
http://www.ncbi.nim.nih.gov/) # F1F 4R ¢ 4z & 0 7 (eubacteria) 2 gyrasefk 7
2 P& B 7 (DNA sequence) £ %=k fi% & 7| (amino acid sequence) © d ** {2 4 f
TR AR g B2 1 F (Gram-positive bacteria) » 2 s iF B>+
Mollicutes > #7121 287 7 2. Tl dc & 7 % B T #iT2 Mollicutes® 2 H & &
Wi empEs 1 5 Vi e gy S £ S wE o drEscherichia coli
AL o o 2N gyrased-v ¢ B A FlgyrBE gyrAt A FIE P L gyrBA FlenT
A h AP E A R A grBATF A o WA TR R P2 TR
¢ 1% Acholeplasma laidlawii ~ Bacillus sp. ~ Mycoplasma arthritidis*> Escherichia coli
% 'w 2. DNA gyrasefit # BI; ¥ i~ (DNA gyrase B subunit) 2 #&gk s 5 7] £ -+ =
¥ oo B G T2 P 2 AR S 5| X 7 # » CLUSTAL (Higgins and Sharp, 1988)
FREFH T RRT A2 SR I R B RS RGP
BB B # A (base) ¢ B R B o et ML H20bpr ) 2 ER
(oligonuclectides) 5!+ » i % 22Perkin Elmer = # ( Perkin EImer Coporation,
Norwalk, CT) i&{7 & = o #-& K433+ * F R PR FRBE - R EER S
100 UM » 2 R &R 4 5 % - PCRF &@ & 513 £ 0.5uM ~ 50 ng# it &




& E B 1 2DNAR (721735 0%k » & J® R 4-T:94 'C 30§ » 50 C 30
F) 072 C3hds TR AF o KRR 31%% % (IX TAES 7k )
MAVIemZ TREF R AL T SEBrid o BBRREBERYF Bk o
(=) REéEMmER4gF RASF2E7 (cloning)

50 P PCRAF & FAFIAITE W HIUERH L E LA A ERRR
FF A2 gyrBA Flandn > B B s - -H E g8 (clone) I B 2 FAERE
M a2 HPCRA f7 B (7 i Jz%.i 3B PR o AR TR
QIAquick PCR purification kit (QIAGEN GmbH , Hilden, Germany ) % TOPO TA
Cloning® Kit( Invitrogene Corporation, San Diego, CA ) i& {7 PCRA 4+ % it 2 7 o
B R E B YRR B R

B A2 Lo 47
%7 24 TOPO TA Cloning® Kit*75 3 #4142 7 /% 5 4% PCRA
P2 EAR 0 2 ST HE 4 DNALZ /2 5 JFZ A PR R HEA

PRE AT o« L4 @ gt B8 (insert DNA) 4 ] 2 447 ~ 8 $h2
PCR~ & » %2 q»” BERZ PR A T g o 2 A\ﬂ}‘?ﬂjﬁ‘?\w ST S NI
* QIAGEN 27 (QIAGEN GmbH ) #tF % 4 & 2_ QlAprep Spin Miniprep Kit %

B EEA R pohE e %W“’DNAxidvE’* I $r a3t & R P T ODoeoi
# 2 DNAZ k& > T P . ODgeof ODpgot" 18 1 F& T DNAZ. % & > %‘347%?3@ A
DNAZ *Ui|pt % Ble¥ > EH G5 2 I F (L ER SR » DNAZ 51T
2 ECORIFZ e "L £ 7 R i€ (7 00 R 2% ) > 1240 » 2 DNA R B £ 2 7 ag
(recombinant plasmid) * *» F > £ 121 %3 558 A IX TAER 7% ¢ & (7 T &
TEEFAGE - GETEINZ BRI L L0 THE ) T2 H~ TR ®
%ﬁmzﬁﬁmmuwiamrméiﬁﬁ@ﬂ+ *ﬁﬁﬁrﬁ%@@F@
2 PCRF J i 22 (FPCRF & » ¥ 301 %3 "q 8% A IX TAES g ¥ (7 T A 1Y
AT H % o

i’%ﬁﬂ'ﬁ%w% LAt~ DNA 2 gk ¥ A (sequencing) &2 H B 5447

ﬁmi»@@mqummxyﬁmMmﬁ%awméq’ml1
ﬁ’ﬂw%FWiﬁAﬁﬁ%*ﬁaﬁ TR AR AT £ e T4 DNAS
fa B 7)fs » TV BTy “‘ﬁ‘;'\ » DNAP; e 2 =i L B 7 ek 7 2210 44
o 7 4]* DNASTAR2 # (DNASTAR, InC.) B % 2. 3 £ #R0E (7 Pk 2 "4
Bz a0 5 d e (World Wide Web) » ;ﬁvﬂ GCG™ =1SeqWeb ~ NCBI
% Scienceff 7] (53The Mycoplasma genitalium Genome Database
( http://www.tigr.org/tdb/CMR/gmg/htmls/SplashPage.html ) 4% H ¢ A3 4L £ i
(7P R s A A2 1 5 CLUSTAL S48 38 17 0 4 ~ DNAMRL i
B7g 8 o FgyrBih FIGYrB v 2 M=AL R 7 dnt o
E:»ﬂli‘%ié"* PR 42 W F
i batenfRi 47 o R ARTIR S T 274 ~ 2 DNAS gyrBA

FRES s QP M2 WA FATIREGEY PGS c PREFESERS BEY




Roche Molecular Biochemicals=: # #7# % 2. PCR DIG Probe Synthesis Kiti& {7 » *&
PCRZL b a8k Ji ¥ #7% 2 51 3 stk P TR (S 9718 2 gBA FI P BB 7] &
FrotH P 2B R E - 313 $HGBF3: 5 TCTAAAGGTGGTATTCAAG 3
% GBR5:5 CGAAACCTGTACCAAAAGA 3 (GBF32 GBR53 !+ 4pFE778
bp) B AR A G4 F Y F BT T2 F AN 5:95 C 104 » 50 C 30
F)072°C 2048 BEBBHEER > TRIF o Ff@; FRET AL S
EtBrg ¢ 14 » BBRE LR EZRAEBF Bl %  c M ERZ 2 PREST IR

*oardepel B FEEBET O RNFFI-20 Co 2 FERpRPFER &
7 jefie ks pF 2 & 2 hybridization solution® @ * 2 ulz. P pedE 45 & o
Ti%#ﬁﬁﬁm?ﬁiﬂﬁ’?%

W QL E 3 grB A FIE Y PR THITA R EpER AT ML
tﬂﬁkﬁﬁ%°

BE A
CAHRERFRAFRBAFIGEY RE 4 WK 2 AFRE2 HE
TAEERERATN QB AFIGEY WA

PCR F 3! 3 2. 2% 3+

d GCCAFIFTHERY: 2 2 grBAFIZ e fat 2 Pifa k7| &
CLUSTAL #ic %8 vt 515 3 Iﬁu"éf TR T2 FEn R gt s A A TF] Y R
> “‘ SEE F PR BT REOIEHE? BEIMEFS RS RS
¥ degenerate primer: 4 %] & & 5 GBF1-GBF2~GBR1-GBR2-GBR3 2 GBR4 -
HE 7L 7407
GBF1:5-AAA MGM CCW GGW ATG TA-3 (17 mers)
GBF2: 5-CAT GCW GGW GGW AAATTT-3 (18 mers)
GBR1:5-CKT ARW GGY AARATW GCT TG-3' (20 mers)
GBR2:5-TCRACRTCR GCA TCD GTC AT-3 (19 mers)
GBR3:5-CAT YTCWCCWARWCCTTT-3 (18 mers)
GBR4:5-CGH WTW TGW GGA TCC AT-3 (17 mers)
K(G, T); M(A, C); R(A, G); Y(C, T); W(A, T); D(G, A, T); H(A, T, C)

PCR ¥ 5% PCR F kA # 2 E 7

bR sl 3 Apa et A B EEP P 22 DNA‘@%ﬁi%ﬁ:}%ig

% 2>DNA S > 2" PCRF & %% 2 ¢ 75 GBF2- GBR3 st 4451+ 4

FHH ML L -2 A o U AAITPCR A o BF AR AT AERL
PP%2DNA Sz PCRFEAY » X 14kb k- - P E2F (B
=)Ao AF EEE PP S22 DNA L PCRF A S ® £ X I
o Htgd k2 DNA PEZES FEMTEF o

BYHAPCRF BAFEFER > NN TR AP RES2 U



HoSEAF BEEIZEAREF S0BH Y - BEAREG L5 TAGB 3>
T 2 £ e A B & L5 pTAGB 30 £ M 70 T 2 AR A
¥ FERATE R PR T L QB A F 2 A B R o
(=) B2 L
B BE I E £ e TR DNA > 8 o B ETER A 4T o
'L pE % EcoRl 4 pTAGBSLf«ﬁTﬁ*’T? R R R E B R B

,ipTAGBS“’* 3.9Kb % -] AL T T DNA & L2 24 o g e > ¥ 5 1L4Kb
COf LR T ARG BRI L PCR A 0 Arad p Kw@:% s

%?Eﬁf‘ipTAGBS FEAS M EARE BT

#FFL U538 GBF22 GBR3 2 PCRF Jg2 51+ » pTAGB3 2 £ &
T DNA Z #0587 PCRF o - A st £ B T LT+ 3 Féﬁéﬁq‘;'/\
DNA;PCRF R =>2 {8 » 3> 1%2 3 @87 PCRE RAF Z T AL +7
SEHTMUERE BT DNA ZHREFPCRF BT E® L4Kb 2 24 > d
AT R ST pTAGB3 ZiEvm S 2 AR E w Y o

2RSS E TG VREFPIEA AT R R
rREL QUBATIRE o d PRASI AT EREEE B FHY 4 1450 bp 2
qﬁﬂ BEOBL PR BBz w13 5 2 grB2 Pk R AR A 7

B o e R AT AR 5| i jF N IAME E coli s

sfp i (identity ) » 4 5 37% ¢t o ¥ Achoiquaaiia laidlawii ~ Mycoplasma
hominis~M. gallisepticum~M. genitalium % £ = Mollicutes % £ §F < I |2 /2 gyB
A Fl2 vk fe B 75 57%~50% ~ 50 % ~ 50 %z Ap o2t o ¥ B E coli 2 2 5w
F+ GyrB &9 “i% 7 ffﬂm:‘r‘rﬂimr GXXGXG ATP-binding motif + 45 #
PTAGB 3 £ = [T a2 4t » = £ DNA #rifm h erveh gk /4 7]+ 4 3R (Huang,
1994) » ¥ Hiwip| “ﬁxi.’@;:a gyrB A Flz 3R BB o

Zyp € e F R pTAGB 3 ik 5 15 #7182 grBA F1F BB 7> £ 3730 4
Wy ERFE- I HGBFR3 2 GBR5: £ & F 4 pTAGB 2 DNA Z #ic
R AP R A BT s AT e 7 2 gyrB & Fl2 #iE
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Bl- ~4* primer GBF2 2 primerGBR3 2. 51+ e £ it p p 52 X4 % H
Bl RATHE A2 P P4 2ONAETREMEREF B2 A4 44

Fig. 3. Polymerase chain reaction (PCR)-product amplified by primer GBF2 and
GBR3 using the total DNA of healthy periwinkle and periwinkle infected with
PNWB-phytoplasma as templates. Thirty-five PCR cycles were conducted with
following parameters: denaturation for 30 sec at 94 °C, annealing for 30 sec at 50 C,
and extension for 3minat 72 °C. PCR products were analyzed by electrophoresis
inal% agarosegel. The DNA templates were 7 acted from: lane 1, healthy
periwinkle; lane 2, periwinkle infected with PN dhytoplasma; lane 3, water as
negative control. M, 1 kb DNA ladder as molecular weight standards. Size(inkb)
of PCR product is shown on the | eft.
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