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ABSTRACT

We  aimed  to improve  the  purifieation of  eitrus  Huanglongbing (greening) baete]"ium  (HB), Candidatus  
Liberobacter

asiatieum  and  to produce  an  antiserum  against  HB.  P ¢ riwinkle  plants  Catltarantus roseum  L. graft-inoeulated with  HB

were  used  to produee  an  antiserum.  All young  leaves of  new  shoots  ineubated at  20 
-25'C

 and  25-30'C, a  few  
mature

leaves ineubated at  20-25'C, and  a]1  mature  leaves incubated first at  25  30'C and  later transferred to 20  25'C  developed

yel]owing syniptoms  and  were  then  used  to prepare  immunogen.  The  HB  was  part･ially purified from  these leaves by  
an

improved  method  that ineluded a  macerating  enzyme  treatment ot' the midribs  ef  infected leaves and  homogenization

of  infected phloem  sieve  tissues, An  antiserum  raised  against  partially  purified  HB  reaeted  cLear]y  at  a  dilution of 1,'16

with  HB-infected  citrus  extTaet  prepared  at  a  coneentration  of  40  times,  but･ did not  reaet  with  healthy or  tristeza

virus-infected  citrus  extract  in microprecipitin  tests.
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INTRODUCTION

  Sinee the citrus greening was  first report･ed  in China  by

the  name  HuanglengbingL''""･i, the  disease has beeome one

of  the most  destruct･ive diseases et' eitrus,  occurring  i'n

Af'i'ieai' and  Asia4''') and  on  the Arabian  Peninsula3'. In

1995,  eiLrus  greening was  designated as  
"Huanglongbing"

at
 the 13th Cont'erenee of  International Organization of

Citrus Virologists. Therefore, the  disease is referred  to as

Huangloi]gbing hereafter in this article.  The  paLhogen  of

the Huanglongbing is a  bacterium  (HB), which  is restrict-

ed  to the phloern  of  infected plant･s. HB  has t･wo strains,

one  Asian and  the other  African, that are  t,i'ansmit･ted by

psyllid vecters  Diaphorina. citri  in Asia and  Trlo2a
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erytreae  in Africa. Beeause ef  the diversity of  the 16 S
r'DNAs  sequences  of  HB, the scientifie  names  of  Can-

didattas Liberobacter afrieanum  for the Afriean isolat･es

and  Oandidatus Liberobaeter a$iaticum  for the Asian

isolates were  preposedi]',  The  disease ean  be diagnoscd by

its t)/pical symptomsi'''2''],  by  graft transmission to indiea-

tor citrus  plantsUL), by electron  microseopyG',  by hybridi-
zat･ion  with  a  DNA  probeiO'"[''2''), by  enzyme-]inked  im-

munosorbent  assay  with  monoe]onal  antibodiesF'""L  and

by polymerase  chain  reaction  diagnosisii'iL"iT). Howevev, a

serological  diagnosis using  polyclona]  antibodies  has been
long-awuited because it is the slmplest,  eheapest,  mest･

reliable  method.

  Villechanoux et al.:') purified the I'oona strain  of  HB

from  an  inf'eeted periwinkle plant Catharantus roseum
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(L.> G. Don, using  a  munoelonal  antibody  MA  (10A6) in
aMnity  chromatography,  The  purified HB  bodies have  a
filamentous structure,  1-4 ptm  long and  O,15-O.3"m  in
diameter. A  round  t'orm of  HB  with  a  diameter  1,Optm

also existsL").  Whitlock  and  Chippindal12T] produeed  an

antiserum  against  an  extraet  of  HB-infeeted citrus plants;
however, the antiserum  was  not  speeifie  to HB. Ke  et

al.ig) produeed  a polyc]unal  ascitie  antiserum  against  a

partially purified  HB  l't'om periwinkle infected with  the

HB  strain,  but the titer of  the  anLiserum  was  low, and

nonspeeifie  interferenee concealed  an  expeeted  speeific

reaction.

  In this study,  symptom  development and  HB  eoncen-

tration  in periwinkle plants  after  graft-inoeulation with

the Thai-isolate'h] of  HB  were  first, studied  at  different
temperatures. Then, we  produced  an  antiserum  against

partially purified HB  firom periwinkle. We  tried to re-

move  the disease shock  prot,einL7'i, using  a  20%  suerose
cushion  during purifieation, and  to prepare a  eitrus sam-

ple as  highly eoneentrated  as  possible for the serologieal

test. We  believe that  this is the first report  of  a  serolog-

ical diagriosi$ by a  mieropreeipitin  test'') using  a  poly-
elonal  antiserum  developed for the Huanglongbing.

MATERIALS  AND  METHODS

  Thai  isolate of  Huanglongbing  bacterium  The
Thai isolat･e of  HB  (HB) was  originally  eullect,ed in
Nakhon  Pathom, Thailand, in 1985, HB  was  init,ially
transmitted frem  a  naturally  infeeted sweet  orange  plant
to acidless  sweet  or'ange  plants by the psyllid vector,

Diophorina citr'i.  Then  HB  was  transmitted to mandarin

plant,s by  graft-inoeulation. HB  was  also  transmitted to
periwinkles by dodder, then  t'rom periwinkle  to periwin-
k]e by  grafting. The infected plants  were  then  maintained

in a greenhouse at  the Department  of  Agriculture (DOA),
Thailandi8i,

  Periwinkle  plants  and  growth eonditions  Peri-
winkle  (Catharantus roseum  L.), rough  lemon (Citrus
jambhiri Lush) and  sweet  orange  

`Madam

 Vinous' [C.
sinensis  (L.) Osb.] were  used  in the  study.  All periwinkle
plants were  grown  in pots of  15-cm  dituneter, two plants
in each  pot. Four-month-old  plant,s were  graft-inoculated
with  HB-infected buds and  were  maintained  in a  green-
house at  24-27'C  until  they were  placed in NK  LH-200-
RDMP  incubators (Nippon Ika Co. Ltd., Japan). Ten
plants were  kept at  25'C for 12 hr a  day  and  20'C  foi' 12
hr at  night.  The  other  10 plants  were  kept at  30'C for 12
hr a  day and  25'C for 12 hr at  night.  The  day illumination
mtensity  was  1O,OOO lux. Healthy  rough  lemon  p]ant,s and
rough  lemon  and  sweet  orange  plants  infected with  HB
were  maintained  in a  screen  house at  the DOA.  CiLrus
rough  lemon  plants infected with  mild  strains  of  citrus
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 tristeza  virus  were  maintained  in an  air-conditioned

 greenhouse  at  the  National Institute of  the Fruit･ Tree

 Scienee {NIFTS)i"'.

   Symptom  appearanee  atter  graft-inoculation  1io

 determine  the time needed  for HB-infeeted peTiwinkle

 plants Lo show  yellowing syinptoms,  nine  p]ants were

 graft-inoeulated with  HB  and  were  ineubated at･ 26-28'C
 C28'C for 12 hr day with  illumination intensity of  10,OOO

 lux, 26'C  for 12 hr nighO.

   To examine  the effeet  of  temperature  (20-25 C and  25-

 30''C) on  the appearanee  of  ye]]owing symptoms  in young

 ieaves of new  shoots  and  in mature  leaves present bet'oi'e

 graft-inoeulation of  periwinkle plants  int'eeted wiLh  HB,
 10 plants  were  gral't-inoculat･ed with  HB  and  were  in-

 cubated  at  each  temperature  range.  The effeet  of  the

 temperature  was  evaluated  by  the pr'oportion of  mature

 leaves with  yellowing,

   Electron  mieroscopy  One-mm  length midribs

 with  typical symptoms  were  cut  from leaves at  diiTerent

 leaf positions  and  grown  at  diff'erent t,emperature ranges

 (20 25'C  and  25-30  C), then fixed with  4%  glutaralde-

 hyde in O.1 IV{ phosphate buffer (pH 7.4) fur several  days,

 mainly  at  4'C,  and  were  post-fixed with  1%  os]nium

 tetroxide in Dalton chrome  buffer' for 1hr. Then  the

 speamens  were  serialiy  dehydrat･ed in ethanol  and

aeetone,  stained  with  uranyl  acetat･e  dihvdrate between
60%  and  70%  ethanol,  and  embedded  in Epoll 812. The
embedded  midribs  were  sectioned  with  tt SorvEdl MT-1
ultramicrotome,  stained  with  lead eitrate,  and  examined

with  a  JEM-100SX  eleetron  mieroseope.

  Partial purification of  HB  firom phloem  tissue  of
diseased  periwinkle  Phloem  sieve  tissue  was  pre-

pared with  a  modifieation  of  the method  of' I,ee and

Davis]5}. Midribs (5-9g) were  separated  35-60g  of

leaves with  sharp  forceps, 1'he midribs  wei'e  surface-

sterilized with  1`ra sodium  hypochlorite for 5min,  and

then  rinsed  thi'ee times  in sterile  distilled water  in a
small  polyethylene bag. The  washed  midribs  were  plaeed
in three to four petri dishes eontaining  an  enzyme  solution

of  100ml  sterile  dist･illed water,  O.8g  cellulase  
"ONO-

ZUKA"  RS  CYakuruto Pharmaceutical  Industry Co., Ltd.,
Tokyo, Japan), O.4g  MACEROZYME  R-10  (Yakuruto
Pharmaceutical Industry Co., Ltd.), 1.0mM  CaCL'HL･O,
O,5g  polyvin.vlpyrr'olidone-40 and  12.5g  mannitol.  The
midribs  were  ineubated at  room  temperature  (24' 31'C)
ovcr'night.  The  digested vascular  bundles were  transfer-
red  to a  petri di$h containtng  extraetion  so]ution  (O,6M
mannitol,  25 mM  Tris-HCI, 5 mM  magnesium  acetate)  i{'i.

IVith sharp  l'orceps, the phloem  tissues  were  earet'ully

stripped  from the  xylem  tissues in the petri  dish and

were  stored  at  4'(] overnight.  The  phleem  sieve  tissues
were  washed  to remove  other  baeterial eontaminants  in a
fresh extraetion  sulution,  then washecl  five Limes  with
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'Eresh extraction  solution  in a  new  petri dish. The  washed

tissues  (O.3 e.7 g) were  homogenized  in 5 ml  of  extrae-

tion $olution. 
rl'he

 hemogenate  was  eentrifuged  for 5 min

aL  29X  ,q, and  the  $upe]'natant  was  earefully  eollect･ed  and

centrifug,ed  for 30min  at  11,2eOXg.  Tbe  pellet was

resuspenc{ed  in 1 ml  of  extraction  solution.  The  suspen-

sion was  then dial}rzedi overnight  wit]i  4%  glutaraldehyde

in extraction  solution,  then  dialyzed tn the  extraetion

solution  fer 24  hr with  four sotution  changes,  The  solution

was  then eentrif'uged  at  29  × .y using  20%  sucrose  eushion,

rl"he
 supernatant  was  earefully  colleeted  and  centrifuged

on  u  209t} suerose  eushion  for 30 min  at 17,OOOXy.  The

pelLet was  r'esuspended  in 500  10001tl ot' O.85{J6 NaCl

solution.

  Produetiom of  antiserum  against  HB  Partial]y

purified HB  in O.85%  NaCl  solution  was  emulsifled  wiLh

Freund's incomplete adjuvant  for the injections. The

emuision  was  injected into the museles  of  a  rabbit  (about
2kg)  five times at alt･ernating  17- and  30-day  intervals,

The  emulsion  was  then injeeted under'  the skin  of  the

rabbit  3 days after  the last muscular  injeetion. Antiserum

against  HB  was  collected  from  the  rabbit  3 weeks  after

the  subeutaneous  immunization.

  Mieroprecipitin test The microprecipitin  test･ was

done as  deseribed"S). HB  antiserum  was  diluted to 50  96 in

O,85%NaCl  solution  containing  O.1`ra NaNs  and  reserved

until  use.  FuTther dilutions were  made  with  a solutiun  of

 O.8596 NaCl in O.05 M  Tris-HCI  buffer at  pH  8,O,

  Diseased rnidribs  of  citrus  leaves were  digested in

 enzyme  solution  for 2 days, and  then phloem  tissues were

 separated  from the xylem.  The phleem  tissue was  maeer-

 ated  in extraction  solution  (20ml) in a  mortar  with  a

 pestle. After filtration through cheesecloth,  the  homo-

 genate was  cent,rifuged  for 5min  at  29 × g. The  super-

 natants  were  centrif'uged  fbr 30min  at  20,OOOXo,  and

 the pellets were  resuspended  in 1ml  of  O,85% NaCl

 s{)!ution  contatning  O.1%  NaN･,. Partially purified  HB

 concentrated  up  to 40  times of  the midrib  weight  was

 obtained  f'rom the final pellets after  one  cyc]e  of  low and

high speed  eentrifugation  of  the homogenate of  the phlo-

em  t･issues. The final suspension  was  used  as  the antigen,

For the control,  healthy eitrus  and  eitrus  infeeted with  the

mild  strain  of  citrus  tristeza virusi"'  were  prepared  as

infected t･tssue. To determine a  r'ough  titer of  the antise-

rum,  extract  ef  bark  tissue of  infected periwinkle wus

prepared  as  deseribed previously and  used  as  antigen.

  One druplet of  anLigen  (5 x`1) was  added  carefully  to a

droplet ef  antiserum  (5 rd) without  mixing  in a  petri dish,

A  set  of  droplets in the  petri dish was  overlaid  with  liquid

parafin to prevent dryin.o. After incubation of  the reac-

tien drops for 2 hr aL  37'C and  one  night  at  4'C, preeipita-

tions were  examined  under  a stereomieroseope.

RESULTS

  Symptom  developmemt in periwinkle

  Symptoms  appeared  first on  at  ]east one  leaf of  the new

shoots  immediately  beLow the gr'aft, tnsertion at 26 35

days after  graft-i]oeulation, and  on  alHeaves  of  the lower

new  shoots  at  29-41  days after  graft-inoeulation at, 26-

Table  1,

Symptems

Timing of  appearanee  ef  yellowing symptoms

oll leaves of  new  shoets  of  pe]'iwinkle plants

graft･-inueu]ated with  IIuunglongbing bacte-

rium  and  incubuted at, 26'28'C

             Days arter  inoculation

       26 27  29 34 35 37 38 39 4]

First appearance  3") IC･1)

  on  ap},  leaf

Appearanee 1'"

  on  all leaves

  a)

    leaf (toLal no.  of  plants),

  b) Number  of  plants w{th

    and  treated.

    bated at  28'C  for 12 hr

    10,OOO  lux day and  26 C]

L,(61) 3(9)

345789

Number  uf  plants with  first syrnptom  appearamee  on  any

         sympLoms,,'9  plants i]oculated

Grat't-inocuiatien on  27 Sep.. 1994;  h]eu-

         with  the  illumination intensity

         t'or 12 hr ]ight.

ri'ttble  2. Eff'eet, eC  temperatui'e  (20 2.'-)'C,"2.5'30'C) on  the appearance  of  yellowing  symptoms  in mature  leaves of  periwinlde

        plantsinocylated  with  
Hua]glengbing

 
12acteriu[[}

 . . . . . . . -

                                                        Replicution .                                                  ttt                                           ttt                                     ttt ttt                                   '
                                   I II III                                                                                               t-                                                                                  '                                                                                '                                                                     ttt                                                                   '                                                        ttt
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'
 

'
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'
 2s  Jan. 'gs

 2o )'eb. 
'gs

Trent,rnent st,arted  on  9Feb.  
'95

 13  Feb. 
'95

 15 Mar. 
'95

SympLoms  observed  en  13 Feb. 
'95

 . .2S 
Fyb/ 

'95..

 . .?.9 
Mal.

 i95
20-L,5C,･,'' 

''
 

'
 

''
 17.2% (11,,64)h･ 

'
 30.4 C32,,il05> E3.5 (30.5,i48)

25-30'C･i, 3.1%  C2,i63) 7.2 (6/tt,,'90.) . ..  
19

 (4.9,'5.0)                                                ttt                                        '
a)- 

FL'ernpErut,ure  al, 20-2i'il'C ] 25  C  {or 12 llr day and  20'C  t'or 12  hr nis,ht, at 25  30'C  : 30 C f'or' IL] hr day ai]d  
25'C

 
foi'

 
12

 
hr

   night;  illuminatien intensiLy was  10,OOO  lux day.

b) Pi'oportion C`ifD of  Ieaves with  yellowing  (]eaves wilh  .yellowin.cr. ,'all  mature  ]eaves observed}.
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「C （Table　2）．　Infected

periwinkles 　that　had　not 　developed　yellowing 　on 　mature
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leaves at  25-30''C fur 15 days  were  transferred to an

ipeubator at  20  25'(]. Leaves  of  these plants developed

yellowing' on  the 8th day after  the ehan.rre  in incubation

temperature.  The number  of  yellowing  Ieaves later in-

ereased.

  Electron microscopy

  Eleetron mieroscopy  revealed  the presence  of  a  numbe]'

o{' proktu'yotes i] sicve  elements  of  midribs  of  periwinkle

Leaves with  yellowing symptoms  (Fig. IA, B). The  round

form  body"'' ot' HB  was  visible  (Fig IA, arroMi  At  a

higher magni{ieation,  an  ca.  25 nm-thiek  envelope  charae-

terist,ie ol' the  HB  was  clearly  visible  (.Fig. IB, arrews).

Numei'ous HB-Iike  bodies were  observed  in most  of  the

young  teaves of new  $hoots  with  yellowing  that were

incubated at  20-25'C and  25-:30'C, in a few mature  leaves

with  yellowing incubated at  25 30'C, and  in all  mature

leaves with  yellowing that were  ineubated first at  25-:iO'C

and
 were  transferred later Lo 20  25'C. All these leaves

were  processed to be used  as  immunogen.

  Microprecipitin  test to deteet HB  in eitrus  extract

  Antiserum dilut,ed to li'16 reaeted  with  partially puri-

fied HB  from  the diseased periwinkle with  strong  precipi-

tation but did not･  react  with  a  preparation  ot' health>,

periwinkle in thc inieruprecipitin  test and  or  with  a

pi'eparation of  rough  ]emon  inf'ected with  citrus  tristeza

virus  in the test Cdata not  shown).

  The  antiserum  diluted to 1,,'16 reaeted  speei(ically  with

partially  purified HB  in citrus  extraets  with  strong  pre-

cipitations,  and  a  eomplet,ely  trallsparent  edge  of  the

droplets was  elearly  visible  (.Fig. 2, D. C.). A similarly

preparcd  component･  solution  from  a  healthy plallt did not

reaet  with  the  antiserum  aL  any  concentrat･ion  (Fig. 2, H.

 C.).

  HB  resuspended  in 1 ml  of  0.8596 NaC]  after  partial

 put'ification was  detected by  the ani.iserum  at dilutions of

 1,,'16.

DISCUSSION

  Only a  few  repurts  have dealt with  the eff'ect  of  temper-

ature  on  sy, mptom  expression  of Huanglongbing'. Cit･rus

plants graft-inoeulated with  the Asian Huanglongbing

(greening) strain  developed symptoms  at  both warm  (27
32''C) afid  cool  (20 25'C) temperaturesL', and  periwinkle

plants graft-inoeulated with  the Indian strain  oi' the

Huanglongbing  (greeningl) bacteria and  kept･ at  32'C

developed symptoms  after  6 weeks,  and  only  two of  t/hose

kept at  25'C  developed  symptoms  after  3 monthsfi'.  C)ur'

studv  showed  that Huang]on.esbing symptoms  appear  on

aU  new  shoots  of  periwinkle  plant･s 5-6 weeks  at  26 28'C

after  graft-inoculation with  the  Thai-HB isolaLe (Table
1). The  leaves infected with  HB  had bi'ighter yellowing  at

20-25'C  than  leaves at  25'30'C  (Table 2, photo not

shown).  For  our  results  on  the elfect of  temperatui'e  on

symptom  expression  in periwinkle, we  incubaLed the

graft-inoeulated plants firsL at  25 30'C and  t･hen transfei'-

red  thern  to an  ineubator at  20'25'C. This sequenee  may

be adopted  as  a  good measure  to promote  syniptom

development  of  the  Huanglongbing on  indieaLor citrus

pltLnts.

  Our results  show  that mature  leaves having bright

yellowing  symptoms  on  the older  poi'tion of  the main

stem  od' infected periwinkle plants that have been  kept at

20  2tt'C for 1-Lt weeks  after  a  4 week  ineubation at  25-

30'C, should  be used  for pathogen  purification as can

young  leaves with  symptoms  on  new  shoots,

  Improvement,s  in HB  pu)'i fieation in this study  were  : 1)

mature  leaves with  bright yellowing  symptems  were  used

for purification  as  we]1  as  young  leaves of  new  shoot･s,  2)

midribs  were  dige$ted in macerating  enzyme  solution

before homogenization, 3} separated  phloem  tissues were

washed  to i'emove  any  other  baet,eria during' the digestion,
4) a  low centrifugation  at,  29 × g fu]' 5 min  was  used  to

avoid  losing the round  l'orm!"' of  HB,  5) a  20%  sueruse

cushion  at  both low and  high speed  eentrifugalion  was

used  to remove  the disease shoek  protein!T], 6) HB  was

fixecl in 4tra glutaraldehyde to keep it intuct until  used  as

an  ant･igen  to prepare the HB  antisei'um.

  In this study,  a  cleai'  serologieal  diagnosis of  I{B-

int'ected citrus was  developed using  a  micropreeipitin

test, Clear positive  reactions  wer'e  obtained  with  dropiets

containing  diseased citrus  extraets  and  antiserum,  but not

wLth  droplets with  heaithy eitrus  extraets  or  with  citrus

extraets  infeetec] with  the mild  sti'ain  of  eitrus  trist･eza

virus.  This method  is simple  and  t'eliable  for the dia.crnosis

 of  eitrus  Huanglc)ngbing.
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