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MM ( Paulownia sp. ) J& ¥ W Iw A, 1@ o )™
2L AT E N R o WA M B (Paulownia witches’
broom , PaWB ) & — i i {0 il A B AE i 4 5 | 7k 1 42 G
PR AR R IO AR B S fE AR SR
B, RO Sh, H R B PR SR 1 AR ( Melia
azedarach L) M K i (CWB)'™ | % B 2 4% Wi
(MD YO K £ 4 ( Catharanthus roseus ) % A%
(PeV) 7 S 34y pl ™ 28 B B K

T Ay TR T A R S0 LD R 58 A 98 R
A SR L I A N - R BIE 5 Sk T T R D AR 1 B0
PLAIBEE T RAT I SRR H O A 0 4 5 5%
PR AR Z 1) 1) O 3% i AN W A o AR 3 2 T K VF 2
BT A I e AL A 452 G 51 i AN BN A 45 A2 2 (fE
AR I A & A ) b5 W SR AW KM A A B U R
R

tRNA-ipt 55 TA T 4 2 1F) (RNA S3 8 045 B 45 9 1R
FeR Wy (EC 2.5.1.8) {46 — HIJ WM (DMAPP)
PR S G B RS B AT AR (RNA 23 1 SO A 1 AR A
(R IR e b S5 M BE AL TR IRNA BOK R, 2577 2
WEVE A i oy 24 3 (CTKs) o %3 B 7E AR ) A7 HL Ak

W A7 AE, /£ N & (Homo sapiens) | B [ BF
(Saccharomyces cereisiae) Fl K ¥ & £ ¥ & 9 % 2 .
tRNA A DLREA# ™ 25 2 Fh 4 il 73 2 3R (CTKs) , o
MR TR I FA A DR AL L (v
2 35 1k, (Onion yellows,0Y) ST sm S Ar A (Aster
yellows witches’-broom , AYWB) 1ol VUK ) Y FE 2 T
X, ( Candidatus Phytoplasma australiense ) I 3 5 % It

( apple proliferation,  Candidatus  Phytoplasma
mali) " 54 o 8 5 AT GRNA-ipr B DR e T A
(ORF) ,

AT T 55 FE A4k 41 (16Sel 41) (¥ 0 4 A
B A A R AR AL A8 4 AR R AR 1 58
HERNA-ipr LR 741 5 31 AR D015 T 2 31 ) 1% ik
KT 44 5% 1 2 (1 REAT T 45 0 15 Ty RE TR, xof 1% S5 TR g
1T 7 A% 2RI 43 M, e R 32 0 AT AR o 1) 40 i 43 34 3R
B e R . WEITE— D W TR R AR tRNA-
IPT (1) &5 #6) R0 D)y e B 3L 55 R D A4 0 B R K 6 &R,
I DU 6 ) A S A DR A AR G Y A S, e RNA-ipr JE TR
W TR A S AR SRR (EKRR) S
Fs, 05T 5 e L DA T B0 3 R A R — B R i
WHEUR PRI T 2 % ¥ .

| O R IR

L1 ##

A MR AR 2R N A UK R (PaWBB; ) |, fR A
LEIMAL SRS SR b IR R DR M EEIR ™ s KR 7
ZRAZHE A PR R (PeVHN) A4 KR B 1 79 301, TR
A TR A R I8 v b, RN B AR 55 0
AIE 5 77 PR NS REL S (AR 7 Bk 3R (CWBFq ) S8 i 44 )R
AR AR | S22 AR A B B A 2R (MIDPy ) 5 i 6
R T E R T AR R R
1.2 EZERFIFMNE

DNA 42 Ut 77 £ F DNA 5 5 (1] 5k 70 £ 0 A
RIREWEARA A 7], Tag DNA FE 45 8, BamHI
Sall Wi ¥£ Py D) Mg Al pMD™ 18-T Vector Il H
TaKaRa, 2 % % 2 W H Sigma L& il 2 4 87
e
1.3 3| PCR ¥ & 50E

# M 3 W X ipt-BamHI/iptr-Sall ( 5'-
CGGGATCCATGAAAAAAGTAATCGCTAT-3" I 5'-
ACGCGTCGACATCAGTTTTAAAAAATCGT-3") , 41 4l
LA PaWBBj {2 4 )i Hil ,CWBFq 12 4 [ 55 B . MDPy
G Z M PeVHN 12 L 1) K 5 46 (1 5 DNA 4
W, 444 9F vi B (RNA-ipt 58 B L ], PCR 94 Oy 35
AN BF 4% 1 (94°C , 4 min; 94°C , 30 s; 52C , 30 s;
72°C ,1 min) , W 45 5 72°C ZE10 min, ¥ PCR
PP Ja EL v I £ pMD18-T 7o [ 344 b, 3 %
] W 45 A 2 B TaKaRa pMDTM 18-T Vector it B 5
(DI01A) . 28 PCR K LU0 , H FH 1k o B 06 b ot #
R HE R 23 w0 o
1.4 FF3 k#1288 BUEFAE 7

HIH DNAMANG. 0 53-8 %0 9 43 )7 51 13k AT 4
T 5 F 41 [ Y5 1 LG 48R ) BLAST T2 H (http://www.
nchi. nlm. nih. gov/blast/); /& %1 £ & B % X H
DNAMAN;; J3 41 A A £ 38 5 GenBank Lt %t BLJS , 7
I MEGA4. 1 8 A ey 1t Bk A B, ASBIE 5T oh oy B 0 7
SR AT GenBank %4 = ; 1 PI Predictor ( http://
mendel. imp. univie. ac. at) ZAF AUl GPI 4 & {7 £ ;
5 JEE X 500 5% ) TMHMM server v. 2. 0 #2)% (http://
www. cbs. dtu. dk/services/TMHMM/ ) ; V. 40 fifl & {iF
T K A TargetP %% 4 (http://www. cbs. dtu. dk/

services/targetP) .
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1.5 SBEtfRMAREREER (RNA-ipt £ ERZERERT
1 5% By &l &

A5 O R 5 AR RNA-ipe 3 DR BR 60 1% A D7) g
Sal TRl BamH 1 XUHG VI, JF 5 7 #F 8 U1 1) 5T KL
pET28a ( + ) 3% 4, & # ” W) ¥ A 2 K o #F
(Escherichia coli) DH5a, %2 PCR 4™ 3% 14 B #i il
DI UE % 9 326 BA 4 v [ 1 B 20 J50ORE W 5 O 56 iE W]
BEHE IR A o K 1 HE I A B EE A UKL pET-ipt &
pET28a( + ) &5 # 14 4> W % 4k 3| E. coli Rossetta
(Novagen) , kMU 51 3 7% T3 mL LB i {4 55 77 ko
(AN H % E60 pg/mL fl & % % 34 pg/mL)
37CHRBNE IR L BT, 4% 15 100 H B BB 0 1) 9 A4
Bror b (F & % H % R 60 pg/mL M B R
34 peg/mL) R FHHEFE L 0D, ik 5 0.4 -0.6, 0 A
IPTG £ 4K & 1 mmol/L, 4% 4 F 37°C £5 756 h,
B R AR, NN 100 wWLFE 5 22 vh i (50 mmol/L
Tris-HCI,2 mmol/L EDTA ,pH 8.0) , 7% % &%, A
CERFARIT00 WLty 2 x Bk b AE 22 o (0. 1 mol/L
Tris-HC1, pH 6. 8,0.2 mol/L DTT,4% SDS,0. 2% %
1y % ,20% H ) , 100°C 36 /K 2% #:5 min, 12% SDS-
PAGE %7€ LKL 4 R

W 3 e FH 4% 45 9% (0. 025 mol/L KCI, 1 mmol/L
DTT) B, UK 5 455, I A5 4K B 0. 85% (1 /E
L ER K UKW BE B, 13200 x g B0 1 min, b 3% W R A
At Ao W) 2 R A I S AR R A 58 4
e o SR B T 3 S 0 UL AT 3 S AR 45 1R O 0 A g
PR R A, B B N0, 2 mg, T dVESE 1K,
WO 4 RF AR L5 7E - 20°C 1R 47 .
1.6 Western blot 4 #f

T 2% At B Y A RARL B A4 4R v A i S R B T
Western blot 73 #7 o 4 4 FE AN A i 4 ZU BB, 73
FRINO. 5 73R F1. 5 mLE O, I A200 pLAEY)
Mo A B (40 mmol/L Tris-HC1 pH 6.8, 5%
SDS,8 mol/LJ& % ,0. 1 mmol/L EDTA,10 mmol/L3%}
B LW, 5 mmol/L PMSF) | Jill 244 & 78 73 W 5, 1
IMANEEAREA) 2 x SDS A il 22 vh i, W /K 8¢ 100°C 45
7K W 4b FE 5 min, - 20°C ¥ #1 5 min, 4°C,
13200 x gi25.0010 min, L 3% 46 . Western blot 43
1T 7 ¥ e B MRS T (2008 ) 5 4342
1.7 [EEEEZEREEHIEMNE tRNA-IPT EHH
FRik

i 3 7] 4 B i ¢ 06 W 1k B WL %% tRNA-IPT 2K [

TERE A R i) R ak ., Fi B [ A AR (1996) T vk
PR 0T AL 2 (25 R O K AT A T
A R AL N AT 95% I T (4°C) &
T () B0 o, [ % 15 = 30 min, 4R 5 FH0. 02 mol/L
PBS VUL 3 X, B 10 min, J A2 B &5 7K G 24 i R
LI (1:200) , 0 42 82500 5 W WEAE i, BRI &),
37°C¥.E1 h, PBST iYL 3 ¥, /K10 - 20 min, fifi
A SR R 9206 & (FITC) bR d B F $T %R 1gG (1
100),F 37C ¥ &1 -2 h, PBST {E ¥ 3 &k, & &
10 —20 min, Leica DM6000B & fi4% bW %% FITC 4
sk 2¢Ot (FITC % Ot & & K W i o ol o
490 nm —495 nm, K H6#E 4520 nm - 530 nm) .
1.8 HUEKRERNERMBUIRRZ(ERR)S
M E

23 ) B U A N K R R AR (RNA-ipe kR 5
AtRNA-ipt (BE RS2 A8 Y % HE IR iy T A58 A8 TG ¥4k IE
WAL ) 5 FURLIE 2, K pET-ipt, &% 8 1k pET28 |
pET-Aipt (R L) 73 5 ¥ A B E. coli DH5 o, K5 J¢
5 hiE , B BB R 0Dy, =0.6, 4R J5 ¥ 1: 1000 (¥
v 45 42 Fir 50 mL LB & 3 55 & ,37°C , 180 r/min
K772 hja , 1 IPTG 53 pET-ipt B #& 5 K kb #L 1)
pET-ipt B Fk 2 48 pET28 1w #k Al pET- Aipt 15 F&
kLR IR BERR T hOR) A5 AR AT L 43 O O FE oE 1
WG B (0D ) , B2 41 B8 1 A2 K i N F8 e o4
1k

I V3R TR T BB B 2 R R 5 vk ( ELISA ) Wl s
B P R OK Rk BT K pET-ipt, % 8 fk pET28
WAL B K AT DHS o, 3595 5 h J5 % B W
B4 ODgy = 0.6, 9% J5 42 1: 1000 [ Eb 41 £ Fif T
50 mL LB 57373 37 C 5:3% , 6651 hiit 823 mLFH
PR R, JE e 4 o R AT AR 25 CKE 2 8 1)
J3 VB HUAR W T B, R Ui e DR R B e iR
S B HURBEAT 5 4, 75 BRI S 2 73 D60 Bt BRI
W58 A HED) 35 9 FE F & FF 51490 nm Ak 1) OD i, 15
FE i T AR A LR (LA logit i Ze b % th T & R
W PE (ng/mL) 1) F R0 3, 75 48 o 50 H n] e i
R (ng/mL) , &R I E 3 K.

2 HIRAIT

2.1 #ER{K tRNA-ipt Z[E ) PCR 1
L PaWBBj 12 4 [ U il . CWBFq 12 4¢ ) 75 B,
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MDPy 12 4 ) 5% #% Jz PeVHn 12 3 1) 1< £ 48 &1 DNA
SRR, A 514 iptf-BamH1/iptr-Sall 3t 47 PCR ¥~
B FL UK S5 R 7R BN R A R 23 ) /E876 bp Ak
AR — 4, 5 GenBank T8 v 201 4 FE J5L A A
I F) dpe HE DR 1 DR /s — S50, T A R R 9 1 L R
AP (1) .

bpM]2345678

3000—
2000—]

1200—
800—

1. 4 #iEJR K (RNA-ipt 2 E ) PCR 1 £%

Figure 1. PCR amplification of tRNA-ipt from four phytoplasmas. M:
marker III; lane 1; PaWBBj,lane 2; Healthy control; lane 3; CWBFq;

876 bp

lane 4; Healthy control; lane 5; MDPy; lane 6: Healthy control; lane

7: PEVHn; lane 8. Healthy control.

2.2 f1EJRIKRNA-ipt FIRIBERRERFI ST

WO AR S 4 KA e S N RO B TR
W tRNA-ipt J& [, GenBank % 3% 5 73 %l 4.
JQ955739 . JQ955740 .JQ955741 .JQ955742 , ¥ 11 879

MZERRALEG, 9 b 291 Do FE TR . 4 MhAH J5 44 1
tRNA-ipt & [N % 14 24 55 1R 17 51 /) 95 1 40 i, AE
95.5% ~99.8% 2 [, 5 16SrT 4 H & i Ji % 1
tRNA-IPT [m 5P AR &, B KT 95% , 1 5 Hoe 4
(7 2[R Y5 PE 2 609% /A7 o Lo in PaWB # i f4 5
16SeXIT 40 (1 W K F W % 25 %% 1k ( Candidatus
Phytoplasma australiense ) F1 16SrX 41 [ 3 J % - 44
J5i & ( Candidatus Phytoplasma mali) 1 [5] Y5 24 4 51 4
57.4% F1 68.2% , 5 T I 7 Ak (Acholeplasma ) ()
[RIJRVE Dy 58. 6% o tRNA-ipt 23 31 7 51 1) @08 A7 3% 4%
(NI VER G AR 85 2R Bor, T C A 551 7 41
9 A ML s A& tRNA-TPT S50 — K52, [A) I A LL
A A I PR A o BT S5 2R AE T B 16SHT 4k
J s, JRE Y 4 PR R AR 2 ) S5C AR Bl , b v A
M JE AR e R, 5 AYWB 55 REIE ., BT A
J AR 5 TG JEL S T L B A — AN R kA S, e ATIAE
O T T A T R OR 2ROk AR Bl B B, X S e R T
FIHEAL 7> B 5 R AR5 (K 2) o

PaWB Phytoplasma (RNA-IPT (JQ955739)

—

02 591 MD Phytoplasma tRNA-IPT (JQ955741)

70

CWB Phytoplasma tRNA-IPT (JQ955740)

99| PeV Phytoplasma tRNA-IPT(JQ955742)

100

95

90
96

OYW Phytoplasma tRNA-IPT(BAF73496)
61 OYM Phytoplasma tRNA-TPT (NP950527)
AY Phytoplasma t(RNA-TPT(YP456642)
Candidatus Phytoplasma australiense tRNA-IPT(YP001799221)
Candidatus Phytoplasma mali tRNA-TPT(YP002004165)
Acholeplasma tRNA-TPT(YP001620870)
Gemella moribillum tRNA-IPT(ZP0795417)
Solibacillus silvestris tRNA-IPT(BAK15968)
Lysinibacillus sphaericus tRNA-IPT(001697388)
Bacillus amyloliquefaciens tRNA-IPT (EHM05002)
Staphylococcus epidermidis IRNA-TPT(NP764536)
Erysipelothrix rhusiopathiae tRNA-IPT (00456012)
Carboxydothermus hydrogenoformans tRNA-IPT(YP360226)
Agrobacterium tumefaciens tRNA-TPT(NP355007)
E.coli tRNA-IPT(NP418592)
— Oryza sativa tRNA-IPT(BAE47452)
ool Arabidopsis thalianat RNA-IPT(NP565658)

Agrobacterium tumefaciens AMP-IPT (P25018)

B2 EFFAERYH i BEREAFIIHEMNRFHENLK (MEGA 4.1)

Figure 2. Phylogenetic tree for IPT protein sequences of different species constructed with MEGA4. 1 using the neighbor joining method. Eukaryotic tRNA
IPT from Oryza sativa ( BAE47452) and Arabidopsis thaliana ( BAB5904) ; prokaryotic tRNA IPT from paulownia witches’-broom ( PaWB) ; mulberry
dwarf, Chinaberry witches’-broom ( CWB) , periwinkle virescence(PeV) , onion yellow wild type strain ( BAF73496) , Candidatus Phytoplasma mali ( YP-
002004165 ) , Candidatus Phytoplasma australiense ( YP-001799221) ; Bacterial tRNA-IPT and AMP-IPT from Agrobaterium tumefaciens ( NP355007 and
P25018) ; Other bacterial tRNA IPTs (BAK15968, 001697388, EHM05002, NP764536).
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2.3 tRNA-IPT EQ &M

I TMHMM R £F X 4 B Js ¢4 IPT & [ HE4T
PEBEX b, S R B R R EAANFAEB X, H
SignallP # AT T 4 Bl IPT £ o2& &5 W 715 5 Ik, 46
RERUIB LN T 0.1, HEW AN AEAEAE 5 k. R
F TargetP F2 %, TR 12 & 11 . 4 A7 76 40 5T N o

IR P A1) Lot 45 B W os , AN [l A 4 1] tRNA-
IPT 4 (1 80 JE R b R #5 CBE D) e 1) ATP FI1 GTP &5
4 7 %) ( ATP-and GTP-binding motif ) A % {3 57 ( &

3). 3K A (RNA-TPT 8 04 ML (N 3
M55 8 A 15 f2H) 8 MR ZIKILIL[ G or A]-x4-
G-K-[S or T],3X &5 AEFTAT LRI 16StT 2 A it
b A A A o 2 A R DR A KT 8 IR 2 A A
( Lysinibacillus sphaericus ) . +. 3 zf fd T
(Solibacillus silvestris ) J X J #F T 1) 6 35 )7 5¢ 42 —
B AH S MR- A R - - R R- 2 = R-TH
12 - 2 1R - /5 % 1R ( GPTASGKT)

PaWB Phytoplasma MKRKVIAITGPTASGKTSLSIKIAKKINL . ETINCDSLOMY 39
CWB Phytoplasma MKRKVIAITGPTASGKTSLSIKIAKKINL . ETINCDSLOMY 39
MD Phytoplasma MEEVIAITGPTASGKTSLSIKIAKKINL.EIINCDSLOMY 39
PeV Phytoplasma MEEVIAITGPTASGKTSLSIKIAKKINL.EIINCDSLOMY 39
AY Phytoplasma MEEVIAITGPTASGKTSLSIKIAKKEFNL.EIINCDSLOMY 39
OYM Phytoplasma MKRKVIAITGPTASGKTSLSIKIAKKFNL . ETINCDSLOMY 39
OYW Phytoplasma MKRKVIAITGPTASGKTSLSIKIAKKFNL . ETINCDSLOMY 39
Candidatus Phytoplasma australiense MKKITAITGPTASGKTSLSIKIAKKFNL.ETIINCDSTQIY 39
Candidatus Phytoplasma mali MKRVIVITGPTSSGKIDLSIYLAKKFDG.EIINSDSVQIY 39
Acholeplasma MEEVVCIVGPTGSGKTALSVKLAKSLGA .EIINGDSVSIY 39
Solibacillus silvestris KIDVVAIIGPTASGKIALSIRLAKEIDG.EIINGDSMQIY 42
Erysipelothrix rhusiopathiae MERVIVIAGVTASGKYSLAVSLAKKING.EIISADSVAVY 39
Gemella moribillum KIPLIAIVGPTAVGKIALSIELAKKFNC.EIISIDSVQIY 41
Bacillus amyloliquefaciens KQPVVILVGPTAVGKTKLSIGLAKMLNA . EIISGDSMQOVY 43
Carboxydothermus hydrogenoformans SEKLIIIVGPTAVGKIALGIKVAKKING.EIISGDSMQOVY 40
E.coli LPRATIFLMGPTASGKTALATELRKILPV.ELISVDSALIY 47
Lysinibacillus sphaericus QAEVVATIVGPTASGKTALSIELAKKYNG . EIINGDSMQVY 46
Agrobacterium tumefaciens NFDATLITGPTASGKIALALRLARERNG. VVINADSMQVY 46
Arabidopsis thaliana KAKVVVIMGPTGSGKSKLAVDLASHEFP . VEIINADAMOQTY 57
Oryza sativa LREVVVVMGATGAGKSRLAVDLASHFAGVEVVSADSMQVY 72
Consensus gt gk|1 d y

3. RE 44 tRNA-IPT EH ) ATP f1 GTP 5L &[G or A]-x4-G-K-[S or T]
Figure 3. ATP-and GTP-binding motif [ G or A]-x4-G-K-[ S or T] of different tRNA-IPT proteins from various

organisms.

2.4 EMRMRKRIERK (RNA-ipt EEFZRIEFY
B FA 53 #7

SDS-PAGE 73 #1 45 R K W] & 4 ipt 541 FURL )
KM KT B Bk a8 T 5 WU 1935 kDa K /MR 75 16 H
MEE(K4),
2.5 Western blot &30

Western blot £ Il 45 S B, P il % (K1 P MG 5
G v ] S AT S N, O Sk R O H AR
B B, P A R e B A RN (
5) o PRIBEUE SEAE AR (RNA-IPT 25 O &8 76 K fE
PR 43 B K 0A | tRNA-ipt 15 4 n] 4 5 2 1116 3 9] £
R IR ARARH 20 5 %7 M BAR AR v S AT Al R 2 1)
g,
2.6 FEKBRRALERIERMNER

FH i o % 1R 0 10037 A P ) 42 4 9% 5016 Wl Tl 4%
ARALE (RNA-IPT A8 #) 1 Rk A7, 45 R 2w,
AR ARG P R A ) 1B R 0 A n LW 5 )

kDa

94 —
66 —

45 —

<«—35kDa
30 —
20 —

E 4. Fix7=4Y) SDS-PAGE £ #f

Figure 4. SDS-PAGE analysis results of expressed products in E. coli.
Lane 1, Recombinant pET-ipt with the induction of 1mmol/L IPTG;
lane 2, Crude E. coli cell extract transformed with vector plasmid
pET28a ( + ) with induction of 1mmol/l IPTG;lane 3, Recombinant
pET-ipt without the induction of 1mmol/L IPTG; M, protein molecular

weight marker.

KA RS FITC Ry 52k 98 , 76 4 BV A w7 oW
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kDa M 1 2
100— [N '

70— e 59

55— . &

ey g :: F.
40— - ‘
” <35kDa

30—

B 5. B ;B B Western blot 4 7

Figure 5. Western blot analysis of the tRNA-IPT protein in
phytoplasma-infected Paulownia; Lane 1, Paulownia infected with
PaWB phytoplasma; lane 2, Healthy paulownia; M, Molecular

weight marker.

HAF (] 6),£W] PaWB tRNA-IPT & [ §ifk 5 i
T3 VLA A P9 REL DR A 5 BB AL 1 B PR B R
S 1 PR ALV 27 S o I BLKS BT PaW B tRNA-ipt 5 ]
FERE AR N R B Rk o I e 5 50 I B s 36 1 by
Western blot £ 45 AHY) & o

[ 6. FITC [ai# &k AN EYARETE 2 HIEY
BER

Figure 6. FITC immunofluorescence detection of the tRNA-IPT
protein in cross sections of phytoplasma-infected plants; A and C:
paulownia infected with PaWB phytoplasma; B and D; healthy
paulownia; Arrowhead indicates the localization of the tRNA-IPT

protein.

2.7 tRNA-IPT U XBHEERKEZR M
DRE(ERR)FENEM

TEAN S —BUN I B0 R, W58 AN A % 16 E.
coli WK BTy o A K MM e g5 R (K- 7) Boxd
pET-ipt J# # | 2% 8 44 pET28 1& £k . pET- Aipt ( R 4

BU)E. coli (¥ A5 K T80 R A0 0 35078 K0 22 70 A I 2
HENFEE WG, & A B4k pET28 [ Ak Al pET- Aipt
PR A2 B T AR 9%, 10 pET-ipt B AR AE 15 7710 hi5 7k
KA 2 Ik, w2 W B S AR R AR T
21 7 IPTG i % (¥ pET-ipt & PR 75 5 391 75 AR Xt
Mg HAERFRI0 hjg, EKERBEH IR, &S
pET-ipt B R H5 — 0 28 K g 0 R 22 A8 K0
FEHCE . HEWT & IPTG 55 2 () pET-ipt 3 bk 7€ 57 1
A KA, H K B R A (RNA-IPT J5, HE K g
B S R L IR 04 () tRNA W] DL R e AR 2 b
MM HE, L P ERBFREFEE, EREREN
JE 4 R (K 8) B pET-ipt 18 bk 22 8 /K pET28 B bk
MR R EZ R RV h 2 A8, 3EAY
2.5 hjg , & #k pET28 Ak 1) KRBT IK B
W BEAS M0 pET-ipt BARTERE I 3 h J5 TR E 11K
FEFF4E BT, f ) W B I pET28 TE Ak .

30r
—e— pET-ipt
257 _@ pET-Aipt
ET28
sob &P
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Figure 7. The different growth curve of PaWB tRNA-ipt recombinant
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Figure 8. The dynamic changes of zeatin-riboside production of PaWB

tRNA-ipt recombinant E. coli (ipt) and control strain( pET28).
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Cloning, expression and characterization of tRNA-
isopentenyltransferase genes ( fRNA-ipt) from paulownia
witches’-broom phytoplasma
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Abstract ;[ Objective ] To identify the tRNA-ipt gene of phytoplasmas and analyze the relationship between tRNA-ipt and
synthesis of cytokinin as well as pathogenesis in phytoplasmas. [ Methods] The paulownia witches’-broom phytoplasma
(PaWB) tRNA-ipt gene was expressed in E. coli and specific antibody was prepared. Then the growth curve and cytokinin
contents ofE. coli with PaWB tRNA-ipt were measured by photodensitometry and ELISA respectively. [ Results ] The
length of tRNA-ipt genes from PaWB as well as mulberry dwarf, periwinkle virescence and Chinaberry witches’-broom
phytoplasmas were 876 bp. All these genes encoded the proteins consisting of 291 amino acids. They contained and
indentical motif ( GPTASGKT) at N-terminal region related to the ATP or GTP binding sites. Four phytoplasma tRNA-
IPTs shared the 99.1 -99.5% , amino acid sequence indentity with each other, shared 95.4 —99.3% sequence identity
with the same group phytoplasmas, whereas the less than 70% identity with 16SrX apple proliferation and 16SrXII
Australia grapevine yellows phytoplasmas. The expression of the tRNA-IPT protein and localization in the phloem in
phytoplasma-infected paulownia were confirmed by Western blotting and immunofluorescence detection. The determination
of growth curve suggested that the growth rate increase of E. coli was affected by the transformation of exogenous tRNA-ipt
gene ,which might be associated with the cytokinin accumulation. [ Conclusion] This protein was assumed to be involved
in the cytokinin synthesis in phytoplasmas as well as other bacteria, which may play an important role in pathogenic
processes of phytoplasmas and symptom development.

Keywords: tRNA-isopentenyltransferase, sequence and function analysis, expression in E. coli, growth curve
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