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Transient expression of chitinase gene in Bacillus subtilis : 
An endophyte of Hevea hrasiliensis

K eyw ords: B a c illu s  sp .. R ubber, B io -con tro l, ch ilin ase , C orynespora  le a f  d isease, cndosym bionts

T h e  le a f  fa ll  d ise a s e  c a u se d  b y  th e  fu n g u s 
C orynespora  cassiico ia  is one o f  the  m ajo r diseases 
affecting Hevea. Corynespora  causes leaf spot and leaf 
fa ll  in  b o th  im m a tu re  a n d  m a tu re  r u b b e r  t re e s  
(Situm orang e t a l ,  1996). Severity o f  the d isease m ainly 
dep en d s u p o n  facto rs like  c lim ate , v iru lence  o f  the 
p a tho types and suscep tib ility  o f  the  host. To control 
C o ry n e sp o ra , B o rd e a u x  m ix tu re  o r 0 .24  %  Z ineb  
(D ith a n e  Z 7 8 )  (R a m a k r is h n a n  an d  P illa i,  196 1 ), 
carbendazim  (Bavistin) spray (Rajalakshm y et a l,  1980), 
and m ancozeb (D ithane/Indofil M 45) (Jacob, 1997) are 
used. H ow ever, bio logical control is the m ost opted one 
as it is safer to the environm ent. In nature, biological 
c o n tro l  o c c u rs  a t so m e  le v e l  in  a ll a g r ic u ltu ra l  
eco sy s te m s . B io lo g ic a l c o n tro l o f  fun g al d iseases  
involves degradation o f  chitin, the main constituent o f  
th e  fu n g a l c e ll w a ll by  c h itin ase  e n zy m e  th ro u g h  
h y d ro ly s is  o f  its  p -1 ,4 - lin k a g e  b e tw e en  N -a c e ty l 
glucosam ine residues. H evea  p roduces ch itinase as a 
pathogenesis related (PR) protein, against various fungal 
in fec tio n s  (N eu h au s, 1999). But m ost o f  the fungi, 
including C. cassiicoia  develop resistance so quickly and 
spread the d isease in a short period. To counter this, it 
w ould be appropriate to have higher levels o f  chitinase 
expressed in the host.

R ecently , endophytic  bacteria  such as Bacillus 
subtilis, (Philip et a i ,  2005) w ith antifimgal activity have 
been  reported to be present in leaf, stem, bark, etc. o f  
ru b b er  tre e s . E n d o sy m b io n ts  a re  know n to  ren d er 
resistance to fungal pathogens (K loepper et al., 1999; 
G ray and Sm ith. 2005; C om pant et al., 2005a), stress 
to le ra n c e  (T im m est an d  W agner, 1999), indu cin g  
system ic resistance (K loepper and Ryu, 2006) and in 
regulation o f  growth (Verma ct al., 2001; Pirttilla et al., 
2004; W akelin et a i ,  2004; Lee et al., 2004, C om pant et 
al., 2005b). T hese endosym bionts, i f  transform ed to 
express a foreign gene, can be a potential m edium  for 
inducing resistance to various sircsses/diseases in Hevea. 
H e n c e , th is  s tu d y  w as in i t ia te d  to  d e v e lo p  a

t ra n s fo rm a tio n  p ro to co l fo r  B a c illu s  su b tilis  (the  
endosym bionl isolated from Hevea) and to over express 
chitinase gene (from Hevea) by using a Bacillus specific 
expression vector (pHCM C05) (Nguyen et al., 2005). 
This vector (Fig. 1) was obtained from Bacillus Genetic 
Stock Centre (BGSC), Ohio and chitinase gene was 
p laced in its expression cassette. Expression o f  chitinase 
in Bacillus cells was assessed and discussed in this report.

pHcmCOS/chilinase

P spac chitinase 

Fig. 1. A. The plasmid map of Bacillus subtilis transformalloB veclor 
pHCMCOS

B, Map of pHCMCOS Inierted with cliltlnase in Hit B m H  I and 
Xlui I rtslriction .llK  immoiiately afler lh( Pspac promorer.

Total R N A  w as iso la te d  from  C orynespora  
cassiicoia  infected leaves (clone G T l)  using Ambion 
RN A isolation kit and cD N A  was synthesized using 
chitinase specific prim ers flanked with restriction sites 
[5 ' GGATCCCATGGCCAAAAGAAC CCAAGCC 3 ’ 
and 5 ’TCTAG ACCGA ATA ATrTCTCCCAA TrCA3’) 
(BamH  I in the forward prim er and Xba  I in the reverse
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p n m e r] .  P C R  w as p e rfo rm e d  a c co rd in g  to  s tan d a rd  
p ro ced u re  and the  p ro d u cts  w ere p urified  using  P C R  
p u rif ica tio n  kit b y  Sigm a, U S A . R estric tion  d igestion, 
ligation  and transfo rm ation  steps w ere perfo rm ed  using  
s tan d ard  p ro ced u res  an d  accord ing  to  the m anufacturers 
in structions. R estric tion  enzym es such  as B aniH  I and 
X b a  I w ere  pu rch ased  from  Stratagene, U SA . G el elu tion  
w as done usin g  M inE lu te  gel purification  kit, Q iagen. 
T 4  D N A  Ligase (Prom ega, U S A ) w as used in the ligation 
reactions. C om peten t cells o f  £ . coli w as pu rchased  from  
G enH unter, U S A .

S tandard  m ethod for B acillus  transform ation  w as 
fo llo w e d . 5 0  fil o f  in o cu lu m  from  o v ern ig h t g ro w n  
B a c illu s  su b tilis  cu lture  w as subcultured  into 50 m l fresh 
LB  m edium  and grow n overnight in an incubation shaker 
a t  37°C  w ith  2 0 0  rp m . 100 ^1 o f  th is  c u ltu re  w as 
inocu la ted  into 100 m l o ffre sh ly  prepared  G M l m edium  
fo llo w e d  b y  o v e rn ig h t in c u b a tio n  a t 27°C  w ith o u t 
shaking . N ex t m orning , the cu lture  w as shaken at 37®C 
w ith  200 rpm  until it reached the sta tionary  phase. The 
c e l l  g ro w th  w a s  m o n ito re d  e v e ry  h o u r  u s in g  the  
‘N an o d ro p ’ spectrophotom eter (at 560nm ). O ne and a 
h a lf  h o u r afte r reaching stationary phase, 1.0 m l o f  culture 
w a s  t ra n s fe r re d  in to  9 .0  m l o f  G M 2 m ed iu m  an d  
incubated  at 37°C fo r 60 m in. w ith  200 rpm  shaking. 
900  |iJ from  this cu lture w as incubated  w ith  100 ^1 o f  
p lasm id  D N A  [20ng/^l] at 37°C in a shaker at 200  rpm  
for 60 m in. A fter an hour o f  incubation , the culture was 
sp u n  at 5000 rpm  for 2 to 3 m in. and  the pelle t was 
resuspended  in 400 pJ o f  GM 2. T he  m ixrnre w as plated 
o n  su ita b le  se lec tion  m edium  and  incubated  a t 37°C 
o vern ight. To m easure  the  chitinase activity, LB m edium  
(50 m l) w as inoculated w ith  B acillus subtilis cells and 
incubated  in  a  shaker at 37® C w ith  200 rpm  till m id log 
p hase  at w h ich  IPTG  was added to a final concentration 
o f  Im M . 1ml o f  sam ple w as co llected at hourly intervals 
t i l l  s e v e n  h o u rs  an d  th e  c o lle c te d  s a m p le s  w e re  
cen trifu g ed  at 8000 rpm  for 5 m in. The pelle ts  after 
resuspending  in m inim al volum e (200 jil) o f  m edium  and 
lysozym e (250  |lg /m l) w ere sonicated (12W ; 6x15 with 
15 second  in tervals) and centrifuged at low  rpm  (430 x 
g) fo r  10 m inutes. Chitinase acitivity  w as m easured in 
the a liquoted  supernatant according to B oiler and M auch 
(1988). To tes t the  colonizing ability  o f  the transform ed 
e n d osym bion ts in H evea  leaves, the leaves applied w ith 
tran sfo rm ed  B a c illu s  su b tilis  w ere  collected  af^er 72 
h ours o f  application , surface disinfected, ground, briefly 
spun and  supernatant spread on Lauria Bertini agar plates 
w ith  su itab le  an tib io tic and kept for overnight incubation 
at 37®C. T he num bers o f  colonies form ed p e r unit leaf 
(cfii) area  w ere  recorded.

A 978 bp  coding reg ion  o f  ch itinase gene from 
leaves o iH e v e a  w as P C R  am plified  (Fig. 2) and cloned 
into p G E M -T  Easy  vector. T his c lone w hen sequenced 
s h o w e d  99  %  s im ila r i ty  w ith  th e  c h it in a s e  gene

Lane 1; Wide range 
DNA marker fSigma) 
Lane 2; cDNA ! (978 
bp)
Lane 3; cDNA 2 (978 
bp)

Fig. 2. PCR amplification of chitinase gene from cDNA synthesized from
leaf samples of Hevea brasiliensLi

(A C C E SS IO N  D Q 873889) ava ilab le  in the GenBank 
database. Later, ch itinase gene in pG E M -T  Easy vector 
w as restric tion  digested  w ith  restric tion  enzym es BamH 
I and X b a  I and the released  fragm ent was gel eluted 
a fter running on  agarose gel electrophoresis. After gel 
p u r i f ic a t io n ,  th is  f ra g m e n t  w a s  l ig a te d  in to  the 
c o rre sp o n d in g  s ite s  in  the  p H C M C 05 to  o b tain  the 
pHCM COS/chitinase construct. T his ligated m ixture was 
u sed  to  tran sfo rm  E. co li  ce lls  and  the  transform ed 
c o lo n ie s  w e re  s e le c te d  fo r  fu r th e r  p la s m id  DNA 
p r e p a r a t io n .  S u b s e q u e n tly ,  th is  p la s m id  DN A 
(pH C M C 05/chitinase) w as used  to  transform  Bacillus 
subtilis using protocol s tandardized in o u r laboratory and 
the transform ed cells w ere  selected on L uria Bertani agar 
m ed ium  w ith  ch lo ram p h en ico l. T ran sfo rm atio n  was 
confirm ed by  slot lysis and PC R o f  the isolated plasmid 
(Fig. 3). E xpression o f  ch itinase  gene in  Bacillus cells 
w as confirm ed by  estim ating  the chitinase activity. The 
cells had very high chitinase activity  w hen com pared to 
the negative control (pHCMCOS vector alone in Bacillus 
cells) (Fig. 4).

The experim ent conducted to assess tlie colonizing 
a b ility  o f  the  tran sfo rm ed  en d o sy m b io n ts  in  Hevea  
leaves, yielded quite a  good num ber o f  colony forming 
units indicating the co lonizing  ability  o f  the t r a n s f o m ie d  

B acillus subtilis  in the intercellu lar reg ions o f  Hevea 
leaves. T he colonies w ere further confirm ed by plasmid 
D N A  isolation and PC R am plification o f  chitinase gene,

T h ese  resu lts  h ave  p roved  beyond  doubt that 
Bacillus subtilis, an endosym biont o f  Hevea  could be 
em ployed  as a v iab le  m edium  for fac ilitating  over-
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Transienl expression o f chilmasc gene in Bacilliu sublilis: An enciophyle of Hevea brasiliensis

Lane !: Wide range DNA marker (Sigma)
Lane 2-4: pGEM-T/chiiinase consiruci in 

E. coli sample 1 -3 
Lane 5-7: pHCMCOSfCliitinasc coHslnici 

in Bacillus sample 1-3

Fig. 3. ConfirmaUon of presence of chitinasc gene in BacUlus cells after 
transformation by chitinase specific PCR amplification

a
Fig.4. Cliltinase acfivit>' in units per glucosamine produced m in ' a il ' 

culture
X aiis -Time in hrs after IPTG induction, lunit = llir 
Z a ils - Chitinase acUvity as absorbance at 585 nm, lunit = 0.02 OD value 
Red: Bacillus subtilis with pHCMC only (Negative control)
Violet: Bacillus sublilis with pSlCMC/chitinasc (Test sample)

expression o f  foreign genes in Hevea. T he difficulties 
b e in g  e x p e r ie n c e d  in  tis s u e  c u ltu re  an d  g e n e tic  
iransform alion experim ents in a tree crop  like Hevea  
m akes the use o f  endosym bionts m ore attractive as they 
are easier for m anipulation and needs a shorter tim e for 
developm ent.

S tability o f  this particular vector in transform ed 
cells had been reported to be apparent betw een forty to 
sixty generations after which loss o f  plasm id DN A has 
been noticed (N guyen et al., 2007). T his property o f  the 
vector is an added advantage that the desired gene product 
in te n d e d  fo r  a sh o rte r  p e rio d  can  b e  su ccessfu lly  
ex p re sse d  and  h en ce  long lim e e x p re ss io n  is not 
w arranted. We can safely em ploy the endosym bionts 
transfo rm ed  w ith  this vector as and w hen required. 
Hence, this system  o f  over-expression o f  gene o f interest 
can be successfully tried in Hevea  for rendering stress/ 
d isease resistance.
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