
C H A P T E R  I I I

M A T E R I A L S  A N D  M E T H O D S

Instruments and chemicals; culture media ; reagents and buffers ; primers,
characteristics of isolates, nucleotide sequences and DNA G + c  contents

Name list o f all instruments and chemicals; culture media; reagents and buffers; 
primers, characteristics of isolates, nucleotide sequences and DNA G + c  contents are 
shown in Appendix A, B, c  and D, respectively.

Methods

1. Screening of cellulase-producing bacteria
1.1 Screening o f cellulase-producing bacteria on agar plate

A total of 120 soil samples were collected from Pua and Santisuk 
districts, Nan province, Thailand (Table 5). Cellulase producing bacteria were isolated 
from the soil samples not later than 24 hours after collection by an enrichment culture 
method. The soil sample (0.1 g) was put into a 10 ml o f Cellulose powder medium 
(CP) in 25x250 mm test tube and incubated on a rotary shaker at 200 rpm, 40°c for 2 
days. One milliliter o f the culture was transferred to fresh CP medium and incubated 
at the same above conditions for 2 more times. The enriched cultures or their dilutions 
(0.1ml) were dropped and spreaded on the CP agar medium and incubated at 40°c 
for 2 days. Cellulase producing capability of the cultures was screened qualitatively by 
method described by Teather and Wood (1982). Their colonies grown on 
Carboxymethyl cellulose-basal (CMC-basal) agar medium at 40°c for 2 days were 
flooded with 0.1% (w/v) Congo red solution for 1 minute and then washed by 0.1



15

M  N aC l. C o lon ie s  su rrounded  by  c learance zone w ere  se lected as ce llu la se  p roduc ing  

iso la tes and then they  w ere  p u r if ie d  by  streak p la te  m ethod fo r  fu r th e r s tudy.

1.2 Q u an tita tiv e  ce llu la se  p ro d u c in g  assay

S ing le  c o lo n y  o f  ce llu la se  p ro d u c in g  iso la tes w e re  in o cu la te d  in to  10 m l 

o f  C a rb o x ym e th y l ce llu lo se  (C M C ) m ed ium  in  25 x250  cm  test tube  and incubated on  

a ro ta ry  shaker at 200 rpm , 40°c fo r  2 days. T h ree  m il l i l i t e r s  o f  the cu ltu res  were  

tra ns fe rred  in to  30 m l o f  C M C  m ed ium  in 250  m l E rle nm e ye r f la s k  and incubated at 

the same aboved co n d it io n s  fo r  2 day. Supernatants ob ta ined  a fte r c e n tr ifu g a tio n  o f  the 

cu ltu re s  at 10,000 rpm  (1 3 ,3 00  g ) , 4° c  fo r  15 m in  w ere  used as c rude  enzym e fo r  

ce llu la se  a c t iv ity  assay.

C e llu la se  a c t iv ity  assay was done by  the m e thod  described  b y  Ghose (1987). 
R eac tion  m ix tu re  com posed o f  0 .5 m l o f  2%  C a rb o x ym e th y l c e llu lo s e  (C M C ) in  100 

m M  sod ium  phospha te b u ffe r  pH  7.0 , and 0.5 m l o f  c rude en zym e  w ere  incuba ted  at 

40°c fo r  30 m in . T he  am oun t o f  re du c in g  sugar re leased was q u a n t if ie d  b y  S om ogy i 

and N e lson  m e thod  (1 95 2 ) u s in g  g lucose as au then tic  sugar. A f te r  a d d it io n  o f  enzym e  

s o lu tio n , the reac tions w e re  s topped im m ed ia te ly  and used as a re ac tio n  b lank . One  

u n it  o f  ce llu la se  was de fin e d  as the am oun t o f  enzym e y ie ld in g  1 m ic ro m o le  o f  g lucose  

w ith in  1 m in  unde r the assay cond itio n s .

2. Identification methods
2.1 C e ll m o rp h o lo g y  and cu ltu ra l cha rac te ris tics

The  co lo n ie s  g row n  on C M C  agar m ed ium  at 37°c fo r  1 days were  

exam ined  fo r  th e ir  c e ll shape and c o lo n ia l appearance, spore fo rm a tio n , m o t i l i t y ,  and  

p igm en ta tio n  as described  by  B a rro w  and Fe ltham , 1993.

2.1.1 G ram  s ta in in g  T h in  smear o f  bac te ria l c o lo n y  on a c lean s lide  

was f ix e d  b y  passing th ro u gh  flam e  and s ta ined w ith  G ra m ’ s c ry s ta l v io le t fo r  30 sec, 

rinsed w ith  w a te r, fo llo w e d  by  c o ve r in g  w ith  G ram 's  io d in e  s o lu tio n  fo r  30 sec then
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rinsed with water, decolorized with 95% (v/v) ethanol and washed with water. Then, 
the smear was counter stained with safranin for 30 sec, blot dried and examined under
microscope.

2.1.2 F lage lla  s ta in ing  Standard microscopic slides, precleaned by the 
manufacturer, were used. The slide briefly flamed and drawn a thick line by a wax 
pencil across its width to confine a stain to be two-thirds o f the slide surface. Three 
drops of sterile distilled water were added to this area and gently mixed with cells. 
There was no visible opalescence. The suspension was smeared over the staining area 
and then tapped off onto a disinfectant-soaked gauze sponge, and air dried on a level 
surface. Staining was done by the method described Forbes (1981) using 1 ml of 
staining solution at ambient temperature for 1 min. The slide was washed in tap water, 
counterstained with Hucker modified Gram crystal violet for 1 min, washed, blotted 
dry, and examined under oil immersion starting near the wax line.

2.2 Physiological and biochemical characteristics
2.2.1 Oxidase test A few drops o f 1% tetramethyl-p- 

phenylenediamine were dropped on sterile filter paper disc. The culture tested was 
then smeared across the moist paper disc with sterile loop. The appearance o f dark- 
purple colour on paper within 30 sec denoted a positive reaction.

2.2.2 Catalase test Cells were transferred onto slide, and 
immediately covered by 3% (v/v) hydrogen peroxide. The evolution o f gas bubbles 
indicated a positive test.

2.2.3 G row th a t d ifferent temperature Cells were inoculated on 
the CMC agar medium and incubated at 10°c, 15°c, 20°c, 37°c, 45°c, 50°c, 55°c and 
60°c. Growth examination was performed after 5 days.

2.2.4 G row th at d ifferent p H  Cells were inoculated into c  broth 
which pH adjusted to 5, 6, 8, 9 and incubated at 37°c for 5 days.
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2.2.5 Grow th in  d ifferent N aC l concentration Cells were 
inoculated on the c  agar medium containing 3 and 5% NaCl and incubated at 37°c 
for 5 days, then the growth was observed.

2.2.6 L -A rg in ine  hydrolysis Cells were inoculated onto arginine 
agar slant and incubated at 37°c for 5 days. Colour change o f the indicator to red 
indicated a positive test.

2.2.7 Aesculin hydrolysis Cells were inoculated into aesculin 
broth and incubated at 37°c for 5 days. Black colour formation indicated a positive test.

2.2.8 Casein hydrolysis Cells were inoculated on the c  agar 
medium containing 1% (พ/v) skim milk and incubated at 37°c for 5 days. Clear zone 
surrounded colony indicated tyrosine hydrolysis

2.2.9 Gela tin  hydrolysis Cells were inoculated onto gelatin 
medium and incubated at 37°C for 5 days then flooded the surface with 5-10 ml o f 30% 
(v/v) trichloroacetic acid. Clear zone surrounded colony indicated the hydrolysis.

2.2.10 M e thy l red and Voges-Proskauer Cells were inoculated 
into MR-VP broth and incubated at 37°C for 5 days. The culture broth was mixed with 
methyl red reagent, red colour indicated a MR positive test. After adding with 5% a- 
naphthol solution and 40% KOH solution, strong red colour indicated a VP positive 
test.

2.2.11 Starch hydrolysis Cells were inoculated onto 10% starch 
agar medium and incubated at 37°C for 5 days, then flooded with Lugol’s iodine 
solution . Clear colourless zone surrounded colony indicated starch hydrolysis.

2.2.12 Tyrosine hydrolysis Cells were inoculated onto the c 
agar medium containing 0.5% (w/v) tyrosine and incubated at 37°c for 5 days. Clear 
zone surrounded colony indicated tyrosine hydrolysis.

2.2.13 Deoxyribonuclease (DNase) ac tiv ity  Cells were 
inoculated on DNase test agar and incubated at 37°c for 5 days then flooded with 1 N 
HCI. Clear zone surrounded colony indicated a positive test.
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2 .2 .14  In d o le  test C e lls  w e re  in o cu la te d  in to  tryp to n e  b ro th  

and incubated at 37° c  fo r 5 days. The cu ltu re  b ro th  was m ix e d  w ith  K o v a c ’ s re a g e n t. 

Red c o lo u r ind ica ted  a p o s itiv e  test.

2 .2 .15 N itra te  reduc tion  C e lls  w ere in o cu la te d  in to  n itra te  

b ro th  and incubated at 3 7 °c  fo r  5 days, then one d rop  each o f  S o lu tio n  A  and So lu tio n  

B  o f  n itra te  re du c tio n  test reagents were added. Red c o lo u r deve loped  w ith in  5 

m inu te s  ind ica ted  a p o s itiv e  test.

2 .2 .16  S im m on C itra te  test C e lls  w ere  in o cu la te d  in to  c itra te  

agar s lan t and incuba ted  at 37 ° c  fo r  5 days. B lu e  c o lo u r fo rm a tio n  ind ica ted  a 

p o s it iv e  test.

2 .2 .17 T r ip le  S uga r Iro n  a g a r (T S I)  C e lls  w e re  in o cu la te d  in to  

T S I agar s lan t and incubated at 37 ° c  fo r  5 days. B la c k  c o lo u r fo rm a tio n  ind ica ted  a 

p o s it iv e  test.

2 .2 .18 A nae rob ic  g row th  C e lls  w e re  in o cu la te d  on the c  agar 

m ed ium  and incuba ted  at 3 7 ° c  fo r  5 days in  an anae rob ic  ja r ,  then  the g ro w th  was  

observed.

2 .2 .19  D ih yd roxyace tone  f r o m  g ly c e ro l C e ll w e re  ino cu la te d  on  

the c  agar m ed ium  con ta in  1% g ly c e ro l and incuba ted  at 3 7๐c  fo r  5 days , then flooded  

w ith  F e h lin g ’ s s o lu tio n  . Y e llo w  c o lo n ia l appearance ind ica ted  a p o s it iv e  test.

2 .2 .20 U rease a c tiv ity  C e lls  w ere  in o cu la te d  on to  the c  agar 

s lan t m ed ium  c o n ta in in g  urea 2%  (w /v ) . C o lo u r change o f  the  in d ic a to r  to  p in k  

in d ica ted  a p o s itiv e  test.

2.2.21 A c id  f r o m  ca rbohyd ra tes  T h e  a c id  f ro m  ca rbon  sources  

w ere  pe rfo nn ced  in c  b ro th  c o n ta in in g  22 d if fe re n t k ind s  o f  ca rbon  sources, 0 .5%  

(w /v ) ,  in c lu d in g  L -a rab inose , D -ce llo b io se , D -fru c to se , D -ga la c to se , D -g lu cose , 

g ly c e ro l, in u lin , lactose, w y o - in o s ito l,  m a ltose , D -m a n n ito l,  m annose, m e lib io se , 

m elez ito se , ra ffin o se , rham m ose , D -r ib ose , sa lic in , sucrose, D -s o rb ito l,  D -treha lo se , D -  

xy lo se . The m ed ia  w ere  ad jus ted  to pH  7.2 and pheno l red 0 .2%  s o lu tio n  (w '/v ) was
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added as an ind ica to r. C e lls  w ere  inocu la ted  in to  c  b ro th  c o n ta in in g  each k in d  o f  

ca rbon  sources and incuba ted  at 3 7 °c  fo r  5 days. T h e  c o lo u r  o f  c u ltu re  b ro th  changed  

from  red to  y e llo w  ind ica ted  a p o s itiv e  resu lt.

2.3 C hem o taxonom y

2.3.1 C e ll w a ll a na lys is  (K om aga ta  and S uzuk i, 1987)

W h o le -c e ll h y d ro ly s is  ; app rox im a te  3 m g o f  d r ied  c e lls  w e re  h yd ro ly sed  w ith  

1 m l o f  6 N  H C I in  a screw -capped tube at 1 0 0 °c  fo r  18 hou rs . A f te r  c o o lin g , the  

hyd ro ly sa te  was f ilte re d  and d r ie d  to  dryness b y  a ro ta ry  evapo ra to r. The d ried  

m a te ria l was d isso lved  in  1 m l o f  w a te r and repeat d ry in g . T h e  re s idue  was red isso lved  

in  0 .3  m l o f  w a te r and ana lysed by  th in - la y e r c h rom a to g ra ph y  (T L C ) .  Each samples  

was app lie d  as 3 ( i l on the base lin e  o f  a p la s tic  c e llu lo se  T L C  p la te  (M e rc k  N o . 5577 , 

E. M e rc k , D a rm s tad t, FR G ). One p i o f  0.01 M  D L -d ia m in o p im e lic  a c id  (D A P ) was  

app lie d  as re ference . T L C  was deve loped w ith  m e th a n o l-w a te r-6 N  H C I-p y r id in e  

(8 0 :1 7 .5 :1 .5 :1 0 , v /v )  sys tem  w h ic h  las t 3 hours o r  m ore , then v is u a liz e d  b y  sp ray ing  

w ith  0 .2%  (w /v )  n in h y d r in  in  w a te r-sa tu ra ted  n -bu ta no l fo llo w e d  b y  hea tin g  at 100 °c  

fo r  5 m in . D A P  isom ers appeared as da rk -g reen  spots and the de ve lo p ed  spo t g ra d ua lly  

d isappeared in  a few  hours.

2 .3 .2 Q u in one  ana ly s is  (K om aga ta  and S uzuk i, 1987)

D r ie d  ce lls  (100-500 m g ) w ere  ex trac ted  w ith  c h lo ro fo rm :M e O H  (2:1) fo r  a 

few  hours. T he  suspension was then f ilte re d  and d r ie d  u nde r ro ta ry  evapo ra to r. The  

d r ie d  sam p le was d is so lved  in  a sm a ll am oun t o f  ace tone and a p p lie d  on to  a s ilic a  gel 

T L C  (M e rc k  no. 1.05744). The  app lie d  T L C  was then deve loped  w ith  p e tro le um  ether- 

d ie th y l e ther system  (85: 15, v /v )  and the band o f  m enaqu in one  was de tec ted by  us ing  

a u v  lam p (254 nm ). T he  m enaqu inone  band was scraped and d is so lved  in  H P L C -  

grade m e thano l. T he  suspens ion was f ilte re d  and d r ie d  u n de r N 2 gas. The  

m enaqu inone  sam p le was ana lyzed  by  H P L C  e m p lo y in g  m e th an o l- is o p ro pa na l (4:1) 
w ith  the p -B o n d a p a kC ls c o lu m n  (W a te r A ssocia tes, M i l fo r d ,  M ass ., U S A ) .
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2.3.3 D N A  base com pos itio n  D N A  was iso la te d  by  the m e thod  described by  

Sa ito  and M iu ra  ( 1963). B r ie f ly ,  lo g  phase ce lls  g row n  in the c o m p le x  agar m ed ium  at 

3 7 °c  fo r  1 day were harvested by  scrap ing  and suspended in 10 m i o f  s a lin e -E D T A  

b u ffe r  pH  8.0 . B ac te r ia l c e ll ly s is  was induced b y  20 m g /m l ly so zym e  in 0.1 M  T r is  

b u ffe r  pH  9.0 c o n ta in in g  10%  (w /v )  sod ium  dodecy l su lfa te  (S D S ) at 5 5 °c  fo r  10 m in . 

A f te r  ce ll lys is , the suspension became tu rb id  to  opa lescen t and v iscous . P ro te in  was  

dena tu red by e x tra c tin g  w ith  4 m l o f  p h e n o l-c h lo ro fo rm  (1 :1 v /v )  fo r  30 sec, and then  

cen tr ifu g e d  at room  tem pera tu re , 12,000 rpm  (9 ,20 0  g ) fo r  10 m in . D N A  was  

p re c ip ita te d  by  add in g  co ld  95%  (v /v )  e thano l in to  supernatant. T h e  D N A  p rec ip ita te  

was spoo led w ith  a g rass -rod , r in sed  w ith  70%  then 95%  (v /v )  e th a n o l, a ir  d r ied , then  

d is so lved  in  5 m l o f  0.1 X  s s c .  RNase A  so lu tio n  (0 .3 m l)  was added in to  the D N A  

so lu tio n , incuba ted  at 3 7 ° c  fo r  20 m in , then ex trac ted  b y  2 m l o f  p h e n o l-ch lo ro fo rm .  

A f te r  c e n tr ifu g a tio n  at ro om  tem pera tu re , 12,000 rpm  (9 ,20 0  g ) fo r  10 m in , the uppe r  

la y e r was trans fe rred  to  new  tube. T he  D N A  was p re c ip ita te d  b y  a d d in g  c o ld  95%  (v /v )  

e thano l and spoo led w ith  a g rass-rod  then rin sed w ith  70%  then 95%  (v /v )  e thano l. 

The  D N A  p re c ip ita te  was a ir  d r ie d  and d isso lved  in  5 m l o f  0.1 X  s s c .  The p u r ity  and  

q u a lity  o f  D N A  w ere  de te rm ined  fro m  the ra tio  o f  an absorbance at 260 and 280  nm  

( A 260/ A 280) as described  by  M a rm u r and D o ty  (1962 ).

D N A  base c om p o s it io n  was ana lyzed by  the m ethod desc ribed  b y  Tam aoka  and  

K om aga ta  (1 984 ), D N A  was h yd ro ly sed  to nuc leos ides b y  nuc lease P I  (E C  3 .1 .3 .30 )  

and a lk a lin e  phosphatase (E C  3 .1 .3 .1 ). D N A  sam p le (0 .5 -1 .0  g  o f  D N A / l i t r e  o f  

d is t il le d  w a te r ; O D 260 =  10 -20 ) was b o ile d  in  b o il in g  w a te r ba th  fo r  5 m in  and  

im m ed ia te ly  coo led  in  ice w a te r. Ten m ic ro lite r  o f  the D N A  was m ix e d  w ith  10 f i l  o f  

nuclease P I s o lu tio n , incuba ted  at 5 0 °c  fo r  1 hou r, and then 10 |4l o f  a lk a lin e  

phosphatase s o lu tio n  was added and keep at 3 7 °c  fo r  1 hour. D N A  base com pos itio n  

o f  D N A  h yd ro ly sa te  was ana lyzed  by  H P L C  us ing  co n d it io n s  as show n  in  T ab le  4
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T ab le  4 H P LC  c on d it io n s  fo r  D N A  base com p o s itio n  ana lys is

Detector wave length 270 nm
Column Nakarai Cosmosil packed column 5C18 (150x4.6 mm)
Column temperature Room temperature
Eluent 0.2 M NH4H,POj : acetonitrile (20:1, v/v)
Flow rate 1 ml/min
Sample 5-10 fil

2 .4 16S rD N A  sequence and ph y lo gene tic  ana lys is

The  16S rR N A  gene was PCR  a m p lif ie d  us ing  9F  

( 5 ’G A G T T T G A T C C T G G C T C A G ’ 3, E sche ric h ia  c o li n u m be rin g ) as fo rw a rd  p r im e r, 

and 1541R  (5 ’ A A G G A G G T G A T C C A G C C ’3 ) as reverse p r im e r . Sequence o f  the  

a m p lif ie d  p roduc t was ana lyzed by  an au tom ated D N A  sequencer, A B I  P R IS M  377  

G ene tic  ana lyze r (A p p lie d  B iosys tem s ) u s in g  the fo l lo w in g  p r im e rs  ะ 339F  

( 5 ’ C T C C T A C G G G A G G C A G C A G ’3 ),785F  ( 5 ’G G A T T A G A T A C C C T G G T A G T C ’3), 

1099F ( 5 ’ G C A A C G A G C G C A A C C C ’ 3), 357R  ( 5 ’ C T G C T G C C T C C C G T A G ’ 3 ) and 

802R  (5 T  A C C  A G G G T  A T  C T  A A T C C  ’3 ) o r  p r im e rs  ะ 8 - 2 7 f  (5 ’ -A G A G T T T G A T C  

(A /O T G G C T C A G -3 ’ ), 5 3 0 f  ( 5 ’ -G T G C C A G C (A /C )G C C G C G G -3 ’ ) , 1 1 1 4 f  

(5 ’ -G C A A C G A G C G C A A C C C -3  ’ ), 1 3 9 2 r(  5 ’ -A C G G G C G G T G T G T (A /G )C -3 ’ ).

T he  D N A  sequence was m u lt ip ly  a lig ned  by  C L U S T A L  X  p ro g ra m  (ve rs io n  1.83; 

T hom pson  et a l., 1994), then the a lig nm en t was m an ua lly  v e r if ie d  and ed ited  p r io r  to  

con s tru c tio n  o f  a p h y lo ge ne tic  tree. The p h y lo g e ne tic  tree was con s tru c te d  by  

n e ig h b o u r- jo in in g  m ethod (S a ito u  and N e i, 1987) in  M E G A  p ro g ra m  ve rs io n  2.1 

(K u m a r et a l., 2 0 0 1 ). T he  co n fid e n ce  va lues o f  branches o f  the p h y lo g e n e tic  tree were  

de te rm ined  by  boo ts trap  analyses (Fe lsens te in , 1985) based on 1000 re sam p lin gs . The  

va lues fo r  sequence s im ila r ity  am ong  the c losest s tra ins were ca lcu la te d  m an ua lly  a fte r
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p a irw ise  a lig nm en ts  ob ta ined  us ing  the C L U S T A L  X  ve rs io n  1.83. Gap and  

am b iguous  nuc leo tides  w e re  e lim in a te d  fro m  the ca lcu la tio n s .

3. Effect o f pH and temperature on cellulase production

The  e ffe c t o f  pH  and tem pera tu re  on ce llu la se  p ro d u c tio n  o f  the 2 m ost 

h ighest ce llu la se  p ro d u c in g  s tra ins , P3-1 and P4 -6 ; and re p resen ta tive  s tra ins o f  h igh  

H C  va lu e  iso la tes; P2-1 , P2-3 , P7-7 w ere  exam ined  b y  c u lt iv a t in g  in  C M C  m ed ium  at 

va rio u s  pH , o r  va rio us  tem pera tu re  w ith  shak ing  (2 00  rp m ) fo r  2 days. A f te r  

c e n tr ifu g a tio n  at 10,000 rp m  (1 3 ,3 00  g), 4° c  fo r  15 m in , the supernatants were  

ana lysed fo r  ce llu la se  a c t iv ity . 4

4. Effect o f pH and temperature on cellulase ac tiv ity

The e ffe c t o f  pH  and tem pera tu re  on  ce llu la se  a c t iv ity  o f  the 2 m ost 

h ighes t ce llu la se  p ro d u c in g  s tra ins , P3-1 and P4-6  w e re  e xam ined  b y  c u ltu r in g  in  C M C  

m ed ium  at pH  7, 40° c  w ith  sha k in g  (200  rp m ) fo r  2 days. A f te r  c e n tr ifu g a tio n  at 

10,000 rpm  (13 ,300  g ), 4 ° c  fo r  15 m in , the supernatants w ere  ana lysed  fo r  ce llu la se  

a c t iv ity  (v a r io u s  pH , o r  va rio u s  tem pera tu re ).
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