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A B S T R A C T
Bacillus thuringiensis toxin is one of the world widely used entomopathogen. It presents

an strong insecticide activity on Lepidoptera, Coleoptera and Diptera. It was studied the effect of
LASER He-Ne on Bacillus thuringiensis var. kurstaki strain LBT-24. Growing curves were
made and were calculated the duplication time and the specific growing speed of each one. The
curves were statistically compared. It was also analysed the phage induction with and without
LASER red light influence. Also, it was observed the presence of the δ-endotoxin crystal with
this treatment. The red LASER He-Ne enhanced the growth of this micro-organism under
laboratory conditions and didn't have any effect over the other characteristics analysed.

IN T R O D U C T IO N

C h e m ica l in sec tic id es ch an ge  irrev ers ib ly  th e  en v iro n m en t an d  a lso  d a m a ge h u m an  h ea lth . T h a t 's
w h y th e  p ro d u c tio n  o f en to m o p a th o gen ic  m ic ro -o rgan ism s h av e  in c reased  (H e im p e l, 1 9 7 2 ) . B ac illus
thu r ing iensis p ro d u ces c rysta l p ro te in  w h ich  a re  to x ic  to  sev era l o rd e rs  o f  eco n o m ica lly im p o rtan t in sec ts .
M an y o f th e m  a re  im p o rtan t v ec to rs  o f h u m an  d iseases, w h ile  o th e rs  a re  p ests  o f a  n u m b er o f c ro p s. Its  u se
o ffe r sev era l ad v an ta ges o v er ch e m ica l co n tro l (A p to so g lo u , S iv ro p o u lo u  an d  K o lia is , 1 9 9 7 ; H an sen  an d
H en d rik sen , 1 9 9 7 ) T h is  m ic ro -o rgan ism  h as b een  s tu d ied  in  g rea t d e ta ils  fo r m o re  th an  3 0  years. It  p ro d u ces
a  to x ic  p a rasp o ra l c rysta l id en ti f ied  as δ-end o to x in . T h e  ad v an tages  o f u s in g  en d o to x in s b ased  in sec tic id es
in c lu d e  th a t it is  h igh ly  co m p atib le  w ith  n a tu ra l en em ies  b ecau se  o f a  n a rro w  h o st ran ge , sa fe  to  v e rteb ra tes,
recep tiv e  to  gen e tic  en g in eerin g  an d  b io d egrad es rap id ly  (M a rtín e z, R o b ack er an d  G arc ía ., 1 9 9 7 ) . In  o u r
co u n try  h av e  b een  u sed  th e  H e N e L A S E R  to  in c rease  th e  p ro d u c tio n  o f yeast w ith  go o d  resu lts  becau se  o f
its  en h an cem en t in flu en ce  o n  th e  g ro w th  o f m ic ro -o rgan ism s (C astro , 1 9 9 9 ; M au ro , 1 9 8 7 ) W ith  th is
research  w e  w an t to  s tu d y th e  e ffec t o f  H e N e L A S E R  o n  th e  b io in sec tic id e  B ac illus  thu r ing iensis. F o r th is
p u rp o se  it w as  d e te rm in ed  th e  e ffec t o n  th e  g ro w th  o f th is  m ic ro -o rgan ism  an d  a lso  th e  in flu en ce  o v er p h a ge
p ro d u c tio n  an d  th e  p resen ce  o f  c rysta l p ro te in . H ere  w e  sh o w  th e  g ro w in g  cu rv es an d  m ic ro p h o to g rap h s o f
th e  last tw o  ex p erim en ts .



M AT E R IA L S  A N D  M E T H O D S

It w as  u sed  a  co m m erc ia l s tra in  L B T -2 4  o f B ac illus thu r ing iensis v ar. ku rstak i. T h e  m ic ro -o rgan ism
w as g ro w n  o n  Trip to n e  S o ya  B ro th  an d  in cu b a ted  a t 3 0  ± 2 °C  w ith  sh ak in g  (2 0 0  rp m ).

P roced u re
C u rves

C u rv es w ere  m ad e  w ith  an d  w ith o u t ap p lica tio n  o f H e N e L A S E R  o v er a ll th e  g ro w th  u p  to  ea rly
s ta tio n ary  p h ase . T h e  m ic ro -o rgan ism  w as in cu b a ted  a t 3 00 C  d u rin g  fiv e  d a ys  to  ge t to ta l sp o ru la tio n  an d
w as in o cu la ted  u p  to  an  in it ia l D O  o f 0 .1 . It w as m easu red  th e  o p tica l d en s ity  ev ery  h o u r  an d  p lo tted  in  a
g rap h ic  D O  v s  tim e(h ). A lso , ev ery  h o u r a  mill i l i tre  o f a  d ilu tio n  w as ad d ed  in  th ree  e m p ty  p la tes an d  la te r
w as ad d ed  b e tw een  1 5 -2 0  m l o f Tryp to n e  S o ya  A gar  (T S A ) m e lted  a t 4 0 -4 50 C  fo r  p la te . T h e y w ere
care fu lly  m ix ed  an d  in cu b a ted  a t 3 0 ± 2 °C  fo r 2 4 h . A fte r th a t th e  co lo n ies w ere  co u n ted .  T h e  cu rv es w ere
m ad e th ree  tim es fo r each  trea tm en t.

R esu lts  an a lys is  w ere  m ad e  w ith  m o re  th an  n in e  rep licas b y p o in t. It  w as ap p lied  B a rtle t test an d
K o lm o go ro v  S m irn o v  test fo r each  d o se  an d  it w as m ad e  a  v a r ian ce  an a lys is   to  co m p are  th e  cu rv es o f th e
sam e trea tm en t an d  trea tm en ts  each  o th e r.

F o r each  trea tm en t w ere  ca lcu la ted  th e  g ro w in g   sp ec ific   sp eed  an d  th e  d u p lica tio n  tim e .

G ro w in g  sp ec ific   sp eed :
(1 ) : µ =  ( lo g10   Z   -   lo g10   Z 0)  /  ( t- t0)

w h ere :
Z : C o lo n y fo rm er u n it  b y  m ill i l i tre  (c fu /m l)  b e lo n g in g  to  tim e  t.
Z 0 : C o lo n y fo rm er u n it  b y  m ill i l i tre  (c fu /m l)b e lo n g in g  to  tim e  to .

D u p lica tio n  tim e :
(2 ) :    tg   =    0 .6 9 3   /  µ .  (P a zo s e t. a l., 1 9 8 0 ).

 B acter iop h ages Iso la t ion  an d  P u r if ica t ion
T h e m ic ro -o rgan ism  w as g ro w n  in  C S S T  m ed iu m  d u rin g  u p  to  ea rly  s ta tio n ary  p h ase  a t 3 0  d e grees.

O n e  o f th e  e r len m e yers w as g ro w n  u n d er th e  in flu en ce  o f H e N e L A S E R  u p  to  s ta tio n ary  p h ase .
C S S T  m ed iu m  co m p o sitio n :
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A fte r th a t 0 .5  m l o f th is  su sp en sio n  w as m ix ed  w ith  so m e d ro p s o f sp o res g ro w n  in  n o n  in d u c tio n
co n d itio n s an d  5  m l o f so lid  C S S T  m ed iu m  (1 % ). T h e y w ere  d is tr ib u ted  in  p la tes an d  in cu b a ted  a t 3 0  ± 2 °C
2 4  h o u rs. T h e  p la tes w ere  flo o d ed  w ith  S M  b u ffe r (S a m b ro o k  e t a l., 1 9 8 9 ) an d  sh ak ed  ca re fu lly  d u r in g  fo u r
h o u rs. T h e  b u ffe r w as cen tr ifu ged  a t 1 0  0 0 0  rp m  fo r 1 0  m in u tes  an d  th e  su p ern a tan t w as o b serv ed  u n d er th e
e lec tro n  m ic ro sco p e . 



C rysta l ob serva tion
T h e m ic ro -o rgan ism  w as g ro w n  in  T S A  u p  to  ea rly  s ta tio n ary  p h ase  a t 3 0  d e grees O n e  o f th e

erlen m e yers  w as  g rew  u n d er th e  in flu en ce  o f H e N e L A S E R . F ro m  each  o n e  w as tak en  1 .5  m l an d
cen tr ifu ged  a t 6 0 0 0  rp m  d u rin g  1 5  m in u tes an d  th e  p e lle t w as o b serv ed  u n d er th e  e lec tro n .

E lec tron  m ic roscop y
P h a ge  o b serv a tio n
F o r th is  p u rp o se  th e  sam p les  w ere  n e ga tiv e ly  s ta in ed  w ith  u ran y l ace ta te  2 % . S a m p les w ere

ex am in ed  in  a  JE O L  JE M  1 0 0 S  e lec tro n  m ic ro sco p e  a t m agn ifica tio n  o f
C rysta l o b serv a tio n
T h e  sa m p les w ere  fix ed  in  3 .2 %  (v /v ) g lu ta ra ld eh yd e  in  0 .1 M  caco d y la te  b u ffe r, p H  7 .4 , fo r 1  h o u r.

S a m p les w ere  in cu b a ted  w ith  o sm iu m  te tro x id e  fo r 1  . A fte r a  b r ie f  w ash in g  , th e  ce lls  w ere  d eh yd ra ted  in  a
g rad ed  se ries o f e th an o l b e fo re  b e in g  e m b ed d ed  in  E P O N . T h e  sec tio n ed  m ate r ia l w as s ta in ed  w ith  u ran y l
ace ta te  an d  lead  c itra te . T h e  sec tio n s w ere  ex am in ed  in  a  JE O L  JE M  1 0 0 S  e lec tro n  m ic ro sco p e  a t
m a gn ifica tio n  o f

R E S U L T S  A N D  D IS C U SS IO N
C u rves w ith  an d  w ith ou t th e  in f luen ce o f H eN e L A SE R .
F igu re  1  sh o w s th e  cu rv es o b ta in ed  w ith  an d  w ith o u t trea tm en t

F igu re 1 : C u rves w ith  an d  w ith ou t th e in f lu en ce o f  H eN e L A S E R .

U sin g  th e  B artle t an d  K o lm o go ro v -S m irn o v  tests  w as d em o stra ted  th a t d a ta  h av e  v a rian ce
h o m o gen e ity  an d  n o rm a lity. S ta tis tic  an a lys is  sh o w n  s ign ifica tiv e  d iffe ren ces b e tw een  th e  trea tm en t an d  th e
co n tro l. T h e  cu rv e  w ith  trea tm en t p resen t a  v e ry  sh o rt la ten ce  p h ase  an d  a lso  th e  D .O . reach ed  is  h igh er a t
th e  s ta tio n ary  p h ase  (2 .0 )  in  co m p ariso n  w ith  th e  co n tro l (1 .8 ) .

Tab le  1  sh o w s th e  d u p lica tio n  tim e  an d  g ro w in g  sp ec ific   sp eed  fo r th e  trea tm en t an d  th e  co n tro l.
T h e  in flu en ce  o f th e  H e N e  L A S E R  d ecreased  s ign ifica tiv e ly  th e  d u p lica tio n  tim e  an d  in c reased  th e  g ro w in g
sp ec ific   sp eed  in  co m p ariso n  w ith  th e  co n tro l. F ro m  th e  p h ys io lo g ica l p o in t o f  v iew  a  p o ss ib le  ex p lan a tio n
is  th a t a t th e  lev e l o f  th e  e lec tro n  tran sp o rt ch a in  th e re  a re  flav o p ro te in s. B e tw een  th e  o x id a tiv e  s ta te  an d  th e
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red u ce  o n e  o f th ese  o n es th e re  a re  an  sp ec ia l k in d  o f sp ec ie  ca lled  sem iq u in o n es an d  am o n g  th em  th e  b lu e
sem iq u in o n es ab le  to  ab so rb  red  ligh t w ith  a  m ax im u m  b e tw een  5 9 0 -6 4 0  n m . A cco rd in g  to  th a t it  is
p o ss ib le  th a t th e  in te rac tio n  b e tw een  th ese  p ro te in s an d  red  ligh t p ro v o k e  an  s tim u la tio n  in  th e  e lec tro n
tran sp o rt ch a in  th a t g iv e  th e  resu lt  o f  an  in c rease  in  th e  g ro w in g  sp ec ific  sp eed . T h is  is  in  co rresp o n d en ce
w ith  th e  research es m ad e  b y M au ro , 1 9 9 7  in  Saccha rom yces itá licus.

T h e  d ec rease  o f th e  la ten ce  p h ase  an d  th e  D .O . reach ed  a t s ta tio n ary  p h ase  can  b e  ex p la in in g
acco rd in g  to  K ab ack  h yp o th es is . It  m ean s , fo r each  tw o  e lec tro n  fro m  e lec tro n ic  d o n o r to  o x ygen  a  su b stra te
m o lecu le  (ca rb o h yd ra te  o r  am in o ac id ) sh o u ld  b e  tran sp o rted  in s id e  th e  ce ll th ro u gh  a  v es ic le  in  th e  ce ll
m e m b ran e  w h ere  it is  co n cen tra ted . T h en , a  s tim u la tio n  in  th e  e lec tro n  ch a in  tran sp o rt co u ld  in c rease
m ed iu m  su b stra te  u ti l isa tio n . A cco rd in g  to  P. M itch e ll an d  F. M . H aro ld  th e re  a re  a  co u p lin g   b e tw een  th e
e lec tro n  tran sp o rt ch a in  an d  th e  su b stra te  tran sp o rt fro m  th e  m ed iu m  to  in s id e  th e  ce ll (L eh n in ger, 1 9 8 1 ) .

Tab le  1 : D u p lica tion  t im e an d  g row in g  spec if ic   sp eed  fo r  th e  trea tm en t an d  th e con tro l.

tg  (h ) µ (h-1)
C o n tro l 1 .9 5 0 .3 5 6
H e N e 1 .3 7 0 .5 0 3

B acter iop h ages Iso la t ion  an d  P u r if ica t ion
T h e trea tm en t an d  th e  co n tro l sh o w n  lys is  a reas an d  ev en  th e  p h a ge  p resen ce  h av e  b een  seen  b y

e lec tro n  m ic ro p h o to g rap h y . T h ese  resu lts  su g gest th a t th e  H e N e L A S E R  d id n 't  a ffe c t th e  q u alita tiv e  p h age
in d u c tio n  in  th is  s tra in , b u t it  is  necessary  to  d o  a  q u an tita tiv e  s tu d y o f p h a ge  in d u c tio n  fo r each  o n e .

C rysta l ob serva tion
T h e p arasp o ra l c rysta l w as o b serv ed  in  b o th  w ith  an d  w ith o u t trea tm en t. T h is  resu lt su g gests  th a t

th e  H e N e L A S E R  d id n 't  a ffec t th e  c rysta l fo rm atio n , th a t 's  w h y th e  v iru len ce  o f th is  en to m o p a th o gen  sh o u ld
b e  n o  a ffec ted  an d  b ecau se  th e  q u an tity  o f m ic ro -o rgan ism s is  h igh er a t th e  s ta tio n ary  p h ase  it sh o u ld  b e
h igh er a lso . A n y w a y it is  n ecessary  to  d o  a  b io assa y to  b e  su re .

C O N C L U S IO N S

• L A S E R  H e N e w ith  p o ten c y 1 .4  m W /cm2 an d  a  λ=  6 3 2 8  A ° , ac tin g  o v er B . thu r ing iensis v ar ku rstak i
(s tra in  L B T -2 4 ), en h an ced   th e  g ro w th  in c reas in g  th e  sp ec ific  g ro w in g  sp eed  an d  d ec reas in g  th e
d u p lica tio n  tim e  in  co m p ariso n  w ith  th e  co n tro l.

• W ith  th is  trea tm en t it w as p o ss ib le  to  d ec rease  th e  la ten cy  p h ase  an d  it w as a lso  o b ta in ed  a  h igh er  D .O .
a t th e  s ta tio n ary  p h ase  in  co m p ariso n  w ith  th e  co n tro l.

• In  th e  s tra in  s tu d ied  p h age  in d u c tio n  w as  n o t d i ffe ren t in  re la tio n  w ith  co n tro l.
• C rysta l p ro d u c tio n  w as n o t a ffec ted  b y H eN e ac tio n
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