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ABSTRACT

Chen , S, K , Chu, P W門Ho， Ie C , Chen , W '人 an吐 Lin ， C P 2008, Molecular cloning of sigma

factor gene of phytoplasma associated with peanut witches' broom可Plant PathoL Bull, 17: 279-287

To elucidate the molecular biology of phytoplasmas , a gene eneo廿ing the primary sigma factor of

the phytoplasma associated with peanut witches' broom (PnWB) was cloned and sequenced , One

complete open reading frame (ORF) was determined on the insert of the selected recombinants , The

ORF cnco吐es a polypeptide contains -10 recognition and binding region, -35 recognition and binding

region , core binding region an丘 rpoD box. The gene organization and the nucleotide sequence in

conserved region of the ORF are similar to other prokaryotic rpoD homologous sigma factor genes

According to the nucleic acid and amino acid sequence analyses , along with the results of Northern

hybridization analyses. this gene was identified as a putative sigma factor gene. Based on the results

of Southern hybridization analyse扒 拉suggests that three rpoD homologous sigma factor genes may

exist in PnWB phytoplasma

Key words: Molliell!es , IpoD gene , RNA polymerase , PCR“based cloning

INTRODUCTION

Phytoplasmas、a group of prokaryotes lacking cell

wall , are associated with a variety of plant diseases in

several hundreds of plant speci的 . Understanding the

physiology , biochemistry and molecular biology of

phytoplasmas is limited because of their resistance to

culturing under axenic cond位ions 仙， while procedures

叭'ai l able for purification of phytoplasmas from disease

plants are tedious and unsatisfactory (立 HI> due to the

inevitable contamination of plant componen t. However,

molecul的methods had been applied to improve the

methodology of the studies of phytoplasmas since late

1980s, especially phytoplasma DNA can be purified and

isolat巳d from plant DNA by CsCl equilibrium buoyant

density centrifugation based on its extreme AT bias of

codon usage (12" 24;. Consequently , the molecular biology of

phytoplasmas can now be studied , and it seems to be the

best way to approach and characterize these mysterious

prokaryotes.

Sigma factor is a key subunit of prokaryotic RNA

polymerase (RNAP) , which is an essential enzyme in

prokaryotic genes transcription. Associating with core

subunits of RNA polymerase to form a holoenzyme , sigma
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factors function as recognizing and binding to -10 and -35

consensus sequence:、in the promoter region to facilitate

the initiation of gene transcription. Most bacterial species

synthesize several different sigma factors , which direct the

RNA polymerase holoenzyme to distinct classes of

promoters with a different consensus sequence'ω It

reveals that the initiation of transcription is the most

prominent step in gene regulation

Based on 間月uenee similarity ‘bacterial sigma factors

could be roughly divided into two broad classes: primary

sigma factors σ;(1 and related sigma factors , which initiate

transcription of the housekeeping genes; andσ 付and othel

alternative sigma factors ， 、which recognize promo!記ers 、wνith

di付!lere凹nt sequences for genes correspor位lding to gro叭、w叫th
j一句? 一一~

unde叮r 吐副】缸e臼I間它剖n泣t phys盯iological condi此山t訂10凹ns
1 i川

' . The σLJ family

has been divided broadly into four phylogenetic groups on

the basis of gene structure and function 幻 抖Group I

consists of the essential primaryσfactors ， each of which

is closely related toσ70 of E. coli. Group 2 proteins are

closely related to the primary (J factors but are

dispensable for bacterial cell growth. Group 3σfactors

are more 吐istantly related toσ70 and usually activate

regulO1刊in response to specific signal , such as a

developmental checkpoi位t or heat shock. The group 3σ

factors can be further divided into several clusters of

functionally related proteins with roles in sporulation ,

flagella biosynthesis , or the heat~shock response , fOI

example. Final紗， group 4 accommodates the numerically

largest , but highly diverged extracytoplasmic function

(ECF) subfamily, most members of which respond to

signals from the extracytoplasmic environment , such as

the presence of misfolded proteins in the periplasmic

space. Whereas most bacteria have a single group 1

pnmaryσfactor， the number of other group members

varies widely , reflecting the different physiological and

developmental characteristics of the various organisms f20. 2

. The number of σ'0 family members may vary from 1

(Mycoplasma sp.) to over 60 (Sf!句·)tmnyces coelicolor) f6i

Most bacterial eenomes encode multiDleσfactors that are
U

required for complex cellul"已ar processes such as stress

I閃espolηlse， morpho芷erηlesis and viruleη肌ce 【已2封趴臼趴 . In 芷er口lera叫l 昀

orga J1ls

of regulatory mechanisms (6)

Four regions of hi.eh conservation are obscrved aftcl
U 、d

aligning the amino acid sequences of aU knownσgenes

(si 月11 and rpoD) 川 S e v e r a l of the further divided

subregions are suggested to be functional domains ,

including core binding , recognition and binding of -10 and

-35 consensus sequences and rpoD box\Structural紗，

the four major regions ofσ 川family factors have the

highest levels of conservation in region '2 and 4

Subregions within region 2 arc involved in promoter

melting (region 2.3) and -10 sequence recognition (region

2.4). Region 4.2 is involved in -35 recognition 你 "

Such high conservation of gene structure and nucleic acid

sequences betweenσ 切genes make peR-based strategy a

preferable \vay for gene cloning. In this study , we describe

a gene encoding the primary sigma factor of the

phytoplasma associated with peanut witches' broom

(PnWB) was cloned and sequnced using PCR-based

strategy. Further study of sigma factor could increase our

understandings to how phytoplasmas transcribe their gene

and how the expression of the genes are regulated

J\;1ATERV\LS AND METHODS

Source of phytoplasmas

PnWB phytoplasma-affccted periwinkle

(Cαtharan thus roseus (L,) G. Don) oringinally obtained by

transmission through dodder (Cusc lIta australis R. Broom)

was provided by L L, Yang (Taiwan Agricultural Research

Institute , Wufeng. Taiwan) and was maintained and

propagated in periwinkle by side grafting il 3
.
26'

Purification of phytoplasma DNA and genomic

library construction

Total DNA was isolated from healthy and

phywplasma-affected periwinkle plant tissues according to

the method described by Ko and Lin . To separate

phytoplasma DNA from total DNA , a C，可Cl-bisbenzimide

density-gradient centrifugation method was used

Approximately 250 ng purified PnWB phytoplasma DNA

was digested with the restriction enzyme EcoRI and

ligated to 2μg EcoRI-cleaved calf-intestine-phosphatase

dephosphorylated lambda ZapII cloning vector , and then

packaged with Gigapack II Gold pack ‘19 1I1g extract



according to the manufacturer's instructions (Stratagene,

CAl

peR amplification of PnWB phytoplasma

1]] 0]) gene fi'agment

A polymerase chain reaction (PCR)-based strategy

was used to amplify the sigma factor gene rpoD of PnWB

phytoplasma. The nucleotide sequences of sigA (encoding

am句or sigma factolσ.\ protein) of Bacillus subrilis

(GenBank accession no. M84964). and rpoD genes of

Escherichia coli (AP009048)‘Lαc ro c o c c u :·; lacris

(AM406671). Sraphyloζoccus aureus (CP000703)

Closrridium aceto !Jutylicum (M74569) , Listeria

mOl1ocytogellcs (AEO17262) and Mycoplasma genita !ium

(L43967) were aligned with program CLUSTAL'趴A pail

of degenerate primer , SF- f1 (5'

GATTTRATYCADGARGGWAA刁 ' ) and SF-rl (5\

GCTTTKKYTTCDATTTG-3') , was designed based on the

sequences of rpoD box and -35 reco皂nition and binding

region to amplify PnWB phytoplasma rpoD gene

fragmen t. The PCR product is predicted to be an

approximate 600 bp fragment

Total DNA and purifie吐phytoplasma DNA were both

used as template for PCR. The PCR was perfonned in a 50

μI of reaction mixture containing 100 ng of template

DNA.3μI of each primer (20μM)，250μM of dNTP

mixture , 5μI of lOx Taq reaction buffer (500 mM KCI

15 mM MgCI" 100 mM Tris-HCI. pH 9.0 at 25'C , 1%

Triton X-IOO), an位2.5 units of Taq DNA polymerase

(Promega Corporation， 明II). Thirty-five PCR cycles were

conducted in a DNA Thermal Cycler 48日(Perkin Elmer.

CA) with the following parameters: denaturation at 94°C

for 30s. annealing at 42'C for 60s and extension at 72T
for 30s. PCR products were purified , cloned directly into a

TA cloning vector (pCR II) (Invitrogen Corporation. CAl

according to the manufacturer's instructions and then

sequenced

Genomic library screening

The PCR-amplified 60D bp rpoD gene fragments

were labeled with digoxigenin-ll-dUTP using DIG DNA

labeling and detection kit (Boehringer Mannheim Gmb況，

Germany) according to the manufacturer's instruction. The

digoxigenin-Iabeled nucleic acid prol咒was then used to

screen the phytoplasma genomic library. Overnight
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cultures of Escherichia coli XLI Blue grown in LB

supplemented with 0.2弘maltose and 10 mM MgSO, weI可
harvested and infected with the recombinant phage (l。毛

pfu per plate of 150 mm in diameter) at 37'C for 20 min

Infected cells were then plated on NZY plates (0.5% NaCI,

0.2% MgS04, 1， 5 9毛 Bacto ag肘 . pH 7.5) and incubated at

37'C nv叫night. Plaques were lifted with MagnaGraph

nylon filter (Micron Sep的ation Inc.. MA) and the DNA

was immobilized on the filter according to manufacturer's

manua l. Filters were hybridized with digoxigenin-Iabeled

probe following the manufacturer's instructions. Plaques

giving positive signals were isolated and subjected to

secondary and tertiary screenings to ensure plaque purity

In vivo excision of the recombina前pBluescript SK(-)

phagcmid containing the cloned gene was performed using

the ExAssist/ SOLR system (Stratagcnc)

Sequence analysis of the 1]10]) gene

Nucleotide sequences were determined by the

副deoxy chain-tennination method I的 using the Sequenase

version 2.0 DNA sequencing kit (US Biochemical , OH).

The entire nucleotide sequence of the selecte吐recombinant

plasmid pPSF3 was read on both strands. Homologous

sequences were searched in the GenBank databases using

program BLAST. Furthermore , the nucleotide sequence

was analyzed , including finding ORF, codon usage

analysis and secondary structure prediction with the

computer program Lasergene (DNASTAR Inc.. WI)

Multiple alignment of the nucleotide sequence of rpoD

genes was performed with the computer program

CLUSTAL代

Southern and Northern h、bridization

For Southern hybridiaztion , 3μg total DNA from

healthy periwinkle plant and PnWB phytoplasm訟affected

periwinkle pI的1t were 已igested with EcoRI , BomHl and

XbaI (Boehringer Mannheim Gmb詞) ， an丘then seperated

in a 0.8日agarose gel. Nucleic acid probe used in Southern

hybridization is the same as that used in genomic library

screening. Hybridization \vas performed under low and

high stringency at 55~C and 6日。C 、respectively 口l幻FOI

Northern hybridization‘3Dαg total RNA of healthy and

PnWB phytoplasma-affected periwinkle plants was

呵。l ated according to the method by Yeh et al. . and

hybridization was conducted at 55
cC

using the
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digoxigenin-labeled 1.8-kb insert of selected recombinant

plasmid pPSF3

RESULTS AI\fD DISCUSSION

Amplification of a puta杖、e 1pO]) fragment of

PnVVB 阱。 toplasma

A sl咒Cl位c 0.6 kb DNA fragment was amplified from

either total DNA of PnWB phytoplasma-affeeted

periwinkle plants or phytoplasma DNA purified with

CsCI-bisbenzimide density心gradient centrifugation metha位

(Fig. 1.lanes 2 and 3) with primers SF-fl and SF-rl , while

no peR product was obtained using DNA template

prepared from healthy periwinkle plan t. The amph位cd

DNA fragment was sequenced and aligned to other

prokaryotic rpoD genes. The sequences of amplified

為宜 1 2 3

600

Fig. l. Amplified polymerase chain reaction (PCR)
product of total DNA of healthy periwinkle plant and
periwinkle plant affected with PnWB-phytoplasma using
primers SF一fl and SF-r l. DNA template were prepared
from healthy periwinkle plant (l ane 1), periwinkle plant
affected with PnWB-phytoplasma (l ane 2) , peri叭!inkle

plant affected with PnWB-phytopl的ma and subjected to
CsCI-bisbenzimide centrifugation (l ane 3). M, 100 bp
la吐del' as molecular weight standards. Size (iu bp) of PCR
product is shown on the left

fragment showed at least 80% nucleotide sequences

identity with known prokaryotic rpoD in the GenBank

database. Especially in the highly conserved regions.

including rpoD box and -10 and -35 sequences recognition

and binding region‘the amplified DNA fragment share

extremely high identity with the nucleic acid sequences of

the ,-p oD genes compared. It strongly suggests that it

should be a gene fragment of phytoplasma rpoD gene

Sequence analyses of the 1])()])

By screening recombinant phages of the Pn\VB

phytoplasma genomic library可six positive clones were

selected , in 1'11'0 excised and then confirmed by Southem

hybridization analyses. All 6 clones contained a 1.8 kb

insert and shared the same nucleotide sequences. One of

the recombinant plasmids was selected and designed as

pPSF3 for further studies. The complete nucleotide

sequence of the 1,768 bp insert DNA of pPSF3 was

determined and submitted to the GenBank database with

an accession number AF160964. Based on the universal

codon usage , one putative ORF was identified. The ORF

contains 1,377 bp (n怯13札1 ，514) ， started from the ATG

initiation codon and stopped at the translation ten l1ination

codon TAA. The coding region of the gcne encodes a

polypeptide of 458 a. a. with a calculated MW of 54.8 KD.

A putative Shine-Dalgano sequence AGGAGG (nts 128

133)、which is complemcntary to the 3' end se月uence of

16S rRNA of phytoplasmas , was found‘but no consensus

一 1 0 and -35 sequences were identified

The base composition of the genc is 41.06 mol% of

A、12.12 mol% ofC‘16.65 mol% ofG , and 30.17 mol% of

T. A low G+C content (28.77%) of the gene , along with a

preferential use of A- andτrich codons , and the high

frequency of the use of A or T residues at the 5'-end (l 5t

base) (64.85%) and 3'-end (3rd base) (72.05%) of codons

were observ目1 ， which arc similar to the features of othCl

phytoplasmas' 口 的 ，" ， Fifty AAA lysine c仁dons appeared in

the gcne. which made it the most frequcnt codon. In the

rpoD , 12 tryptoph乳n residues are encoded by UOG. Thc

result agrees with that of a previous study on the ribosomal

protein gcnes for Oenothera phytoplasma < \ 5 ' . In the class

Mo l/ieure: ‘ mycoplasmas and spiroplasmas both utilize

UGG and UGA triplets as tryptophan codons ,., , but

Aeholeplasma laidla机ii utilizes UGG 011Iy l \6 . 17)
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二v

Fig. 2. Multiple amino acid sequence alignment of the putative sigma factor from recombinant plasmid pPSF3 (Pn\VB)
(GenBank acce品ion no. AFl6096是 ) and sigA gene in Bα刊Ilus subtilis (Bs) (孔184964) ， and rpoD gene in Escherichia coli
(Ec) (川、009048 ) ， onion yellows phyloplasma (OY) (AP006628) , asler yello叭s witches' broom phytoplasma (AYWB)
(CPα的(6 1) and !V!ycop/asma genitαliulll (My) (L43967) conducted by CLUSTAL sequence analysis program. Residues
shaded in black are conserved in those of all 6 species compared , residues shaded in darkεfey are conserved in those of 5
species , and residues shaded in light grey are conserved in those of less than 4 speci肘 ， SUbregions are indicated and shown

by arrowed dotted lines above the sequences and conserved regions are underlined
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昂的 60 8日100 120 14日16日180 200 220 240 260 28日300 320 34日360 38日4日日42日440

A 各吋體關盤盤盤盤盤鐘慶變蠻一機經齡→盤變鑫軒敏←體圈圈一一盤盤鹽鹼鸚發 盤Alpha ， Regions -Garnier-Robson

B I m 盟 ! 國 Be治， Reg的ns-Gar川er-Robson

錢訐一起 !總豁達瀏 自 Turn ， Reg的ns-Gamier-Robson

Deoi!, Regions -Garnier-Robson

Fig. 3. Secondary structure of sigma factor of PnWB phytoplasma predicted by Gamier-Rot刊on method. A: a helix. B β

sheet T:βturns‘ c : coiled region

LHK
1 2 3

7.0
6.0

Fig. 4. Southern blot of total DNA prepared from diseased
periwinkle plant affected with PnWB “phytoplasma

digested with Xbal (lane 1), BamHl (lane 2), EcoRl (lane
3). Sizes (in kb) of the hybridization signals are shown on
the left

Sequence similarities

The nucleotide sequence and the 吐educed amino acid

sequence of the ORF were compared with other rpoD

genes available in GenBank. This ORF shares 37% of

nucleotide sequence identity and 28% of amino acid

sequence identity with rpoD gene of Mycoplasllw

genitalium (GenBank accession no , L43967) , while 36%

of nucleotide sequence identity and 30% of amino acid

sequence identity is observed comparing with rpoD gene

of aster yellows witches' hroom (AYWB) phytoplasma

(CPOOOO圳 ， nts 125,358-126,755), and 43% of nucleotide

sequence identity and 31% of amino acid sequence identity

with rpoD gene of onion yellows (OY) phytoplasma

(AP006628 , nts 712，396刁13 ，778). The result of multiple

alignments of 丘educed amino acid se月uenees \vas shown

as Fig , 2 , It reveals that the gene organization and the

nucleotide sequence in conserved region of this ORF is

similar to other rpoD sigma factor genes , Other conserved

regions including •10 recognition and binding region , -35

recognition and binding regio刃 ， core binding region and

rpoD box are also observed in the putative ORE All of

those regions are functional domains and responsible to

major biological function of sigma factor , thus it suggests

that this ORF encodes primary sigma factor of Pn WB

phytoplasma

The secondary structure of the putative sigma factOI

was also predicte廿based on deduced amino acid sequence

using the method 位eveloped by Garnier et αI . co, (Fig. 3)

Most of the rpoD genes could be divided into four regions

Region I is mainly composed of βsheet可while other

regions are mainly composed of αhelix. The putative

secondary structure of phytoplasma rpoD gene is similar

to other rpoD gen肘， except a helical region 1

Southern hybridization

Total DNA of PnWB phytoplasma-affected

peri winkle plant \vas 副gested with Xba l, BamBI and

EcoRl and hybridized with the DiG-labeled 600 bp rpoD

gene fragmen t. The hybridization patterns weI六e shown in

Fig. 4. The probe hybridized with 3 bands at 4 kb , 6 kb

and 7 kb of Xbal digest (lane I) , an吐3 bands at 6 kb , 1.6

kb 剖ld 1.7 kb of BamBI digest (lane 2)‘anel 3 banels at 1.8

kh , 2.0 kb and 0.8 kb of EcoRI digest (lane 3). No positive

signal was observed for the DNA prepa間d from healthy

periwinkle plant in the Southern hybridization under both

low and high stringencies (data not shown) , These results



suggest that three rpoD homologues may exist in the

genome of PnWB phytoplasma.

To compare the identity between di叮erent copies of

rpoD in a prokaryote , four sequenced prokaryote genomes

in GenBank were used for analysis. It was revealed that E

coli (AP0090是8) and M. ge l/italillm (L43967) have only

one copy of rpoD gene. while AYWB phytoplasma

(CP000061) has 5 copies and OY phytoplasma

(AP006628) has 4 copies of rpoD gene. Different copies of

rpoD gene in AYWB phytoplasma share 24.1-85.3% of

nucleotide 呵呵uence identity and 13 .4-93 日 % of amino

acid sequence identity, while those of OY phytoplasma

share 24 ,9-96,2% of nucleotide sequence identity and

12.1-96.6% of amino acid sequence identity. Since the

results of Southern hybridization showed that the記were

one strong signal and two faint signals in all different

enzyme digests , this may be due to the sequence

differences between rpoD copies ofPnWB phytoplasma

Northern hybridization

The result of Northern hybridization was shown in

Fig , 5, Total RNA purified tram healthy periwinkle plant

(lane 1) and from diseased periwinkle plant affected with

PnWB phytoplasma (lane 2) were applied in the study, The

relative quantities of 18S and 28S rRNA were used as a

control for monitoring the amount of healthy and PnWB吟

affected periwinkle loaded for electrophoresis (且at a not

shown) , One 3.7 kb positive signal was detected for the

RNA prepared from affected peri ，入rinkle pia剖 ， while no

signal was observe丘for those prepared from healthy

periwinkle plan t. It suggests that this rpoD does expresse注

1日 PnWB phytoplasma ,

Members of theσ70 family of sigma factors are

components of the RNA polymerase holoenzyme that

direct bacterial core RNA polymerase to specific promoter

elements. The primaryσfactor， which is essential for

general transcription in exponentially growing cells , is

reversibly associated with RNA polymerase and can be

replaced by alternativeσfactors that coordinately express

genes involved in diverse functions , such as stress

responses , morpholo且ical development and iron uptake

Here we shown the primary sigma factor gene, rpoD , exist

1日PnWE phytoplasma with three copies. Whether there is

any alternativeσfactO! 丸Yith different functions still need

to be studied further.
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kb 1 2

3.7

Fig , 5 , Northern blot of total RNA prepared from healthy
periwinkle plant (l ane 1) and diseased periwinkle plant
affected with PnWB-phytoplasma (lane 2) , Hybridization
was conducted at 55T using the digoxigenin-labeled 1.8
kb insert of selected 間combinant plasmid pPSF3 , Size (in
kb) ofthe hybridization signals is shown on tbe left
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摘要

;東紹寬:、朱佩文 1、!可國偉在2、陳武揚 1、林長有[\' '. 2ω8. 豆葉病還j質體sigma factor 墓侃之

選種與分析椒病會1'1) 17: 279-2日7. ('台北市重台灣火學綴物病理與微生物學系、;台北fIJlR詞

台灣大學命科學系，可惜的詩作諧，電子郵件 cpl in@n tu . edu . tw ;傳真 +886丹已2366- 1 980)

本質j撿從事花生綴~病菌質總 sigma factor 立一憫之選給研究 ， 實驗丹 :以六種細菌之 IpoD ，

sψt 基防豆豆i保守' Ii[ 區i法設計 出 一如l PCR 引子 ， 以 色古豆葉病菌質儂~ DNA 為復被進行PCR 反

應而獲得 600 bp 太小之PCR 產物 ‘ 並以此作為核喜愛;這針 進行花生綴主~II內閣發經基因庸之篩

選﹒得到合1.8 kb Ii投入片 段之選殖株重約質1fil pPSF3 0 答J pPSF3 之依入片段進行該 自酸序列分

析可得到一個完梨的 ORF (open reading frame) ，且在J't轉譯起始早已、碼 AUG游街互補於植物

菌質經 1 6S rRNA 之3' 端核酸序列即Shine-Dalgarno If子I)之存在，此為可能之核糖燈結合位霞

(ribosomal binding site) 。 此ORF 之核總約I)經推衍制豆豆豆撥開IJ後 ， 發現其中有啟動乎 也10

E主 3 5 辨識結合j說域 、 中 ，心醉其喜結合綴域及 rpoD box l 旦立一關大小及基阪結構均與其他的

sigma factOI 基因相似 ， 故據此推斷其為sigma factor 法囚 。 高二南方氏!符合反應的結果可發繞在

花族主主病防繁體中可能有三i民類似於其他自電視日筒中 rpoD基自古之 s igma factor 基因 。

關鍵訊: Mollicute可 綱 、 IpoD 基閩 、RNA 但今梅 、 綜合自每途車鎖反l怠選權策略




