
CHAPTER III

MATERIALS AND METHODS

Instruments, materials, chemical reagents and media
N am e l is t  o f  a ll Ins trum en ts , m a te ria ls , ch e m ica l reagents and m ed ia  w ere  show n  in  

A p p e n d ix  A , B  and c.

Methods
1. Isolation of acetic acid bacteria
A c e tic  a c id  bac te ria  w ere  iso la ted  fro m  m any k in d s  o f  fru its , flo w e rs  and re la ted  

m a te ria ls  b y  an e n rich m e n t cu ltu re  approach us ing  G lu co se -E th a n o l m e d iu m , S o rb ito l m e d iu m , 

S u c ro se -A ce tic  a c id  m e d iu m  and M e th a n o l-P e p to n e -Y e a s t e x tra c t (M P Y )  m e d iu m  (A p p e n d e x  B ). 

T he  e n riched  sam ples w ere  incuba ted  at p H  4.5 and 30°c fo r  3-5 days and then  the cu ltu res  w ere  

streaked  o n to  G lu co se -E th a n o l-Y e a s t e x tra c t-C a C O j (G E Y - C a C O j) agar p la tes (Y am ada  e t  a l., 

1976; 1999). T he  ace tic  a c id  bac te ria  tha t fo rm e d  c lea r zones a round  co lon ies  on  the agar p lates 

w ere  selected as a c id -p ro d u c in g  b a c te ria l stra ins. T h e y  w ere  streaked fo r  p u r if ic a tio n  on agar 

p la te  and w ere  p reserved m a in ly  at -80°c in  an u ltra  lo w  tem pera tu re  freezer. S te rile  20%  

g ly c e ro l in  g lucose-yeast ex trac t-pep tone  was used as a c ryop ro tec tan t.

2. Identification methods

2.1 Cell morphology and cultural characteristics
T he co lo n ie s  g ro w n  on  G E Y -C a C O j agar m e d iu m  (A p p e n d ix  B ) at 30°c fo r  2 

days w ere  exa m in e d  fo r  th e ir  c e ll shape and c o lo n ia l appearance, m o t i l i t y ,  and p ig m e n ta tio n  as 

described  b y  B a rro w  and F e ltham , 1993.

2 .1 .1  G ra m  s ta in in g  T h in  sm ear o f  bac te ria l c o lo n y  on  a c lean s lide  was fix e d  

b y  passing th ro u g h  fla m e  and sta ined w ith  G ra m ’ s c rys ta l v io le t fo r  30  sec, rinsed  w ith  w a te r, 

fo llo w e d  b y  c o v e rin g  w ith  G ra m ’ s io d in e  s o lu tio n  fo r  30  sec then  rinsed  w ith  w a te r, d e co lo r ize d  

w ith  9 5 %  (v /v )  e thano l and w ashed w ith  w ater. T hen , the sm ear was coun te red  sta ined w ith  

sa fra n in  fo r  30 sec, b lo t d r ie d  and exam ined  under m icroscope .
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2 .1 .2  F la g e lla  s ta in in g  Standard  m ic ro s c o p ic  s lides, p rec leaned b y  the 

m a n u fa c tu re r, w ere  used. T he  s lid e  b r ie f ly  fla m e d  and d ra w n  a th ic k  lin e  w ith  a w a x  p e n c il 

across its  w id th  to  c o n fin e  a sta in  to  be tw o -th ird s  o f  the s lide  surface. T h ree  drops o f  s te rile  

d is t i lle d  w a te r was added to  th is  area and g e n tly  m ix e d  w ith  ce lls . T here  was no v is ib le  

opalescence. T he  suspension was sm eared o v e r the s ta in in g  area and then  tapped o f f  o n to  a 

d is in fe c ta n t-so a ke d  gauze sponge, and a ir  d r ie d  on  a le v e l surface. S ta in in g  m e th o d  b y  Forbes 

(1 9 8 1 ), s ta in in g  (A p p e n d ix  c) was tim e d  fo r  1 m in  w ith  1 m l o f  s ta in  a t a m b ie n t tem perature. 

T h e  s lide  w as washed in  tap w a te r, coun te rs ta ined  w ith  the H u cke r m o d if ic a tio n  o f  G ram  crys ta l 

v io le t fo r  1 m in , w ashed, b lo tte d  d ry , and exam ined  under o i l  im m e rs io n  s ta rtin g  near the w a x  

line .

2.2 Physiological and biochemical characteristics
2 .2 .1  O x id a tio n /F e r m e n ta tio n  c a ta b o lism  te s t  T he iso la te  w ere  in ocu la ted  in  

H u g h  and L e ifs o n ’ s m e d iu m  (A p p e n d ix  B ) b y  s tabb ing  w ith  a s tra ig h t needle. A f te r  in o cu la tio n , 

o v e r le y  the m e d iu m  in  o n ly  one tube  w ith  a p p ro x im a te ly  2 m l o f  s te r ile  l iq u id  p a ra ffin . The  

in c u b a tio n  w as done at 30°c. In te rp re t the resu lts  as fo l lo w ,  i f  o n ly  one the  ae rob ic  tube  is 

a c id if ie d ,  the  o rg a n is m  c a ta b o liz e s  the  c a rb o h y d ra te  b y  o x id a t io n . I f  b o th  the  a e ro b ic  and  

a n a e ro b ic  tu b e s  a re  a c id i f ie d ,  th e  o r g a n is m  is  c a p a b le  o f  fe r m e n ta t io n .  I f  n e i th e r  

tube  becom es a c id if ie d , the o rg a n ism  is unab le  to  ca ta b o lize d  the carbohydra te .

2 .2 .2  C a ta la se  te s t C e lls  w ere  trans fe rred  on to  s lide , and im m e d ia te ly  covered  

b y  3%  (v /v )  h yd ro g e n  p e ro x id e . T he  e v o lu tio n  o f  gas bubb les  ind ica ted  a p o s itiv e  test.

2 .2 .3  G ro w th  a t  d if fe r e n t  p H  T he iso la tes w ere  suspended in  0 .85%  N a C l and 

in o cu la te d  in to  the d if fe re n t p H  m e d iu m  (A p p e n d ix  B ). T he  cu ltu re  w ere  incuba ted  w ith  ou t 

sh ak ing  fo r  7 days at 30°c . T he p H  w ere  tested in  th is  s tudy  are fo llo w e d : p H  3.0, pH  3.5, pH  

4 .0 , p H  4.5 and pH  5.0

2 .2 .4  O x id a tio n  o f  a c e ta te  a n d  la c ta te  T he iso la tes w ere  in ocu la ted  in to  o x id a tio n  

o f  acetate and lactate test m e d iu m  (A p p e n d ix  B ). The cu ltu res  w ere  incubate  w ith  ou t shak ing  fo r  

7 days at 30°c. A  p o s itiv e  was in d ica ted  b y  b lue  c o lo r whereas a nega tive  was b y  y e llo w  co lo r.

2 .2 .5  G ro w th  in  th e  m e d ia  c o n ta in in g  0 .3 %  a c e tic  a c id  a t  p H  3 .5  The iso la tes 

w e r e  i n o c u l a t e d  i n t o  t h e  m e d i u m  c o n t a i n i n g  0.3% a c e t i c  a c i d  a t  p H 3 . 5  

(A p p e n d ix  B ). T he  cu ltu re  w e re  incuba ted  w ith  o u t sh ak ing  fo r  7 days at 30°c.
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2 .2 .6  G ro w th  in  th e  m e d ia  c o n ta in in g  3 0 %  D -g lu c o s e  T he  isolates were 

in o cu la te d  in to  the  m e d iu m  c o n ta in in g  30% D -g lucose  (A p p e n d ix  B ). T he  cu ltu re  w ere  incubated  

w ith  o u t sh ak ing  fo r  7 days at 30°c.
2 . 2 . 7  F o r m a t i o n  o f  w a t e r - s o l u b l e  b r o w n  p i g m e n t  T h e  i s o l a t e s  

w ere  in o cu la te d  on the G E Y -C a C O j agar m e d iu m  (A p p e n d ix  B ). A f te r  in c u b a tin g  at 30°c fo r  7 - 

30  days, w a te r so lub le  b ro w n  to  d a rk  b ro w n  p ig m e n t w ere  observed.

2 .2 .8  D ih y d r o x y a c e to n e  f r o m  g ly c e r o l C e ll w ere  in o cu la te d  on the G lucose- 

G ly c e ro l-Y e a s t e x tra c t (G G Y ) m e d iu m  A p p e n d ix  B ) and incuba ted  at 37°c fo r  5 days, then 

flo o d e d  w ith  F e h lin g ’ s s o lu tio n  (A p p e n d ix  c). Y e llo w  o r y e llo w  orange c o lo n ia l appearance 

in d ica ted  a p o s itive  test.

2 .2 .9  G ro w th  a n d  a c id  p r o d u c t io n  f r o m  d if f e r e n t  k in d  o f  C a r b o h y d r a te s  T he

iso la tes  w ere  suspended in  0 .8 5 %  N a C l and in o c u la te d  in to  the g ro w th  and a c id  p ro d u c tio n  

t es t  m e d iu m  ( A p p e n d ix  B ) .  T h e  c u l tu r e  w e re  in c u b a te d  w i t h  o u t  s h a k in g  f o r  7 d a ys  

a t 3 0 ° c ,  a n d  o b s e r v e d  t h e  r e s u l t s  e v e r y d a y .  T h e  c a r b o n  s o u r c e s  w e r e  u s e d  in  

th is  s tudy  are fo llo w e d : D -g lu co se , D -m annose , D -ga lac tose , D -fru c to se , L -so rbose , D -xy lo se , D - 

a rab inose, L -a ra b in o se , L -rh a m n o se , D -m a n n ito l, D -s o rb ito l, d u lc ito l,  /n e so -e ry th r ito l, g ly c e ro l, 

m a ltose , lactose, m e lib io se , sucrose, ra ffin o s e  and e thano l.

2.3 Chemotaxonomic characteristics
2 .3 .1  U b iq u in o n e  a n a ly s is  T he  u b iq u in o n e  o f  ace tic  a c id  b a c te r ia  iso la tes w ere  

ex trac ted  and q u a n lita tiv e  de te rm ined . The  iso la tes w ere  cu ltu re  in  G E Y  m e d iu m  (A p p e n d ix  B ) 

w ith  s h a k in g  c o n d it io n  at 30°c fo r  48  h o u rs . C e lls  w e re  c o lle c te d  b y  c e n tr ifu g a t io n  and 

a p p ro x im a te ly  1 g w e t c e ll w ere  suspend in  100 m l o f  abso lute  e thano l: d ie th y le th e r (1 :3 ) and 

shaked fo r  20  m inu tes . A f te r  f i l t ra t io n , the e x tra c t was c o m p le te ly  evapora ted and d isso lved  in  a 

s m a ll am oun t o f  acetone. T h e  acetone s o lu tio n  was a p p lie d  to  s ilic a  ge l T L C  (0 .5  m m  s ilic a  ge l, 

6 0 F 254 layers on 2 0 x2 0  c m  glass p la te , M e rc k )  and deve loped  w ith  h e xa n e id ie th y l e ther (8 5 :1 5 ) 

abou t 30 m in . A  y e llo w  band, c o rre sp o nd in g  to  a y e llo w  spot o f  the re fe rence  standard tha t also 

v is u a liz e  as a d a rk  band under sho rt w ave  u v  l ig h t, is scrapped o ff .  The  s ilic a  ge l p o w der is 

trans fe rred  to  a tube and e x trac ted  w ith  1 m l o f  acetone. T he  s o lu tio n  is f ilte re d  w ith  a 0.2 f im  

m em brane  f i l te r  and concen tra ted  b y  N 2 gas. T h is  sam ple co u ld  be stored at -20°c u n til use. 

U b iq u in o n e  hom o logues are separated and id e n tif ie d  b y  H P L C , us ing  C o sm o s il co lu m n  (W aters ,
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5C18, 4.6 mm X 250 mm), methanol:isopropyl alcohol (2:1) as mobile phase at the flow rate of 1 
ml/min. Ubiquinones is detected at 275 nm and with known ubiquinones as standards.

2 .3 .2  D N A  b a s e  c o m p o s i t io n  DNA was extracted by the method described by Saito 
and Miura (1963). Briefly, log phase cells grown in the complex agar medium at 37°c for 1 day 
were harvested by scraping and suspended in 10 ml of saline-EDTA buffer pH 8.0 (Appendix Cl­
io). Bacterial cell lysis was induced by 20 mg/ml lysozyme in 0.1 M Tris buffer pH 9.0 and 10%
(พเพ ) sodium dodecyl sulfate (SDS) at 55°c for 10 min. After cell lysis, the suspension became 
turbid to opalescent and viscous. Protein was denatured by extracting with 4 ml of phenol- 
chloroform (1:1 v/v) for 30 seq and then centrifuged at room temperature, 12,000 rpm (9,200 g) 
for 10 min. DNA was precipitated by adding cold 95% (v/v) ethanol into supernatant. DNA was 
spooled with a grass-rod, rinsed with 70% then 95% (v/v) ethanol, air dried, then dissolved in 5 
ml of 0.1 X ssc. RNase A solution was added into the DNA solution, incubated at 37°c for 20 
min, then extracted by 2 ml of phenol-chloroform. After centrifugation at room temperature,
12,000 rpm (9,200 g) for 10 min, the upper layer was transferred to new tube. The DNA was 
precipitated by adding cold 95% (v/v) ethanol and spooled with a grass-rod then rinsed with 70% 
then 95% (v/v) ethanol. DNA was air dried and dissolved in 5 ml of 0.1 X ssc . The purity and 
quality of DNA were determined from the ratio of an absorbance at 260 and 280 nm (Aj60/A280) as 
described by Marmur and Doty (1962).

DNA base composition was analyzed by the method described by Tamaoka and 
Komagata (1984). DNA was hydrolysed into nucleosides by nuclease PI (EC 3.1.3.30) and 
alkaline phosphatase (EC 3.1.3.1). DNA sample (0.5-1.0 g of DNA/litre of distilled water ; OD260 
= 10-20) was boiled in boiling water bath for 5 min and immediately cooled in ice water. Ten 
microliter of the DNA was mixed with 10 |il of nuclease PI solution (Appendix c), incubated at 
50°c for 1 hour, and then 10 |il of alkaline phosphatase solution (Appendix C) was added and 
keep at 37°c for 1 hour. DNA base composition of DNA hydrolysate was analyzed by HPLC 
using conditions as shown in Table 3.1
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Table 3.1 HPLC conditions for DNA base composition analysis

Detector wave length 270 nm
Column Nakarai Cosmosil packed column 5C,g (150x4.6 mm)
Column temperature Room temperature
Eluent 0.2 M NH4H2P04 : acetonitrile (20:1, v/v)
Flow rate 1 ml/min
Sample 5-10 (il

2 .4  M o le c u la r  c h a r a c te r is t ic s

2 . 4 . 1  T h e  1 6 S - 2 3 S  r D N A  i n t e r n a l  t r a n s c r i b e d  s p a c e r  r e g i o n  

r e s t r ic t io n  f r a g m e n ts  le n g th  p o ly m o r p h is m  (R F L P )  a n a ly s e s .  (Yukphan e t  a l . , 2004)
2 .4 .1 .1  P o ly m e r a s e  c h a in  r e a c t io n  f o r  r e s t r i c t io n  f r a g m e n t s  le n g th  

p o ly m o r p h ism  (P C R -R F L P ) o f  1 6 S -2 3 S  rD N A  I T S  re g io n s  DNA of acetic acid bacteria was 
extracted by the method described by Saito and Miura (1963). The extracted DNA of acetic acid 
bacteria was amplified with two primers. The primers contained 1522F-16S (5’-TGC GG(CT) 
TGG ATC ACC TCC T-3\ position 1522 -1540) and 38R-23S(5’-GTG CC(AT) AGG 
CAT CCA CCG-3’, position 38-22). The polymerase chain reaction in this study included two 
steps as the first step to find optimal concentration of DNA template and optimal condition of 
PCR. The second step for amplification of the target DNA in large volume. All condition show 
and describe in Table 3.2 and Table 3.3.
(a) O p tim u m  c o n d itio n  o f  P C R

The extracted DNA was tested for the optimal condition of PCR. The PCR reactions were 
carried out as described in Table 3.2.
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Table 3.2 Determination of optimal condition of PCR

Reagents Initial concentration 1 X volume
dNTP 2.0 raM. 1.00 pi.
MgCl2 25.0 mM. 0.60 pi.
Primer 1522F 10.0 pmol/pl. 0.50 pi.

38R 10.0 pmol/pl. 0.50 pi.
T a q  DNA polymerase 5.0 unit/pl. 0.05 pi.
10x7a<7 buffer 10.0 X 1.00 pi.
dH20 - 5.85 pi.
DNA template Undiluted, 10'1, 10'2 0.50 pi.
Total volume 10.00 pi.

( b )  L a r g e  s c a l e  P C R  (100 |i X 2 = 200 fj. 1)
After found optimal dilution PCR in the first step continue to large scale PCR was carried out 

as described in Table 3.3.
T a b le  3 .3  L a r g e  s c a le  P C R

Reagents Initial concentration 1 X volume
dNTP 2.0 mM. 10.00 pi.
MgCl2 25.0 mM. 6.00 pi.
Primer 1522F 10.0 pmol/pl. 2.00 pi.

38R 10.0 pmol/pl. 2.00 pi.
T a q  DNA polymerase 5.0 unit/pl. 0.50 pi.
10x T a q  buffer 10.0 X 10.00 pi.
dH20 - 65.50 pi.
DNA template Optimally diluted 4.00 pi.
Total volume 100.00 pi.
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Both PCR condition used a same method as nucleotide fragment were amplified by 
Peltier Thermal cycle model MJ Research DYAD ALD 1244 and performed by the PCR cycling 
program was started with an initial dénaturation of DNA at 94 °c for 5 min, continued with 30 
cycle at 92 °c for 30 sec, 56 °c for 45 sec, 72 °c for 1 min and following by final extension at 72 
°c for 7 min, end temperature of PCR products collected at 4 °c.

Five micro litters of PCR products were mixed with 2 microlitter of loading dye and 
subjected to 0.8 % agarose gel electrophoresis with submerged in lx TAE buffer (diluted by 50 X 

TAE buffer). The 1 -kb DNA ladder was standard marker. The electrophoresis was conducted 
with Ac-STEP-UP/DOWN TRANSFOMER model SD-500W. (PROTECH ELECTRIC CO., 
LTD) as a constant voltage of 100 V for 40 min. PCR products were staining with ethidium 
bromide solution, washed by distilled water and viewed with BIORAD Gel Doc u v  
transilumination together with photographed by camera as carried out by Molecular analyst 
program version V 1.5 with Windows 95 software.

2 .4 .1 .2  P u r if ic a tio n  o f  P C R  p r o d u c ts  w ith  Q IA q u ic k  co lu m n  The PCR
products of the large scale PCR were purified by QIAquick column as follows: add 900 (0.1 of PB 
solution into 1.5 ml microfuge tube and add of 200 |น1 PCR product, mix (invert tube 3-5times), 
place the solution into the QIAquick column, centrifuge at 6,000 rpm for 30 sec to discard the 
filtrate, add 750.0 |ul of PE buffer into the column, centrifuge at 8,000 rpm for 30 sec to discard 
the filtrate, centrifuge at 8,000 rpm for 1.0 min, move the column to the new 1.5 ml microfuge 
tube, pipette 40 |il EB buffer into the center of the column, incubate at room temperature for 10 
min and performed at centrifuge at 14,500 rpm for 1.0 min and stored at 4 ๐c. The purified DNA 
was subjected to electrophoresis same on described above.

2 .4 .1 .3  T h e  1 6 S -2 3 S  rD N A  re s tr ic tio n  p a tte r n  a n a ly se s  The purified PCR 
products were digested by five restriction enzymes included H p a l l ,  H a e III, B s p \ 2 861, M b o l l  and 
A v a i l .  Reaction and condition described as separated to two reactions or different for each 
restriction enzyme. Checks the results by agarose gel electrophoresis on described above but used 
ten-microlitter of RFLP products were checked by 2.5 % agarose gel electrophoresis which used
1.7 (il of 50 bp DNA ladder (mixed with 1.2 (il 6x loading dye) for marker. For the other 
condition of electrophoresis used the method as described above.
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Table 3.4 Condition of 16S-23S rDNA ITS PCR-RFLP for restriction enzyme

Reagents lx reaction
Restriction enzyme 1.0 JT1
DNA 13.0 fil
Buffer B+ 2.0 JI1
Nano pure water 4.0 |il
Total volume 20.0 JL4.1

Incubated at 37 ° c  for overnight.
2 .4 .2  16S  rD N A  se q u e n c e  a n d  p h y lo g e n e tic  a n a ly sis

2 .4 .2 .1  I s o la t i o n  o f  D N A  f o r  a m p l i f i c a t i o n  b y  P C R  The bacterial isolates were 
harvest and suspend in 180 fil of Tris-EDTA buffer. Then, added 20 JJ.1 of 10% SDS and 
incubation at 50°c for 10 minutes. Supernatant were extracted twice with 200 |il of 
Phenol:chlorofrom:isoamyl alcohol (25:24:1 v/v). DNA was precipitated with colded absolute 
ethanol, place at 20°c for 10 minutes and collected the DNA by centrifugation at 14,500 rpm for 
15 minutes. DNA pellet were rinsed with 70% and 90% ethanol and then dried up (15-30 minutes 
at room temperature). The dried DNA is dissolved in 50 (-il milli Q water.

2 .4 .2 .2  A m p l i f i c a t i o n  o f  1 6 S  r D N A  The 16S rDNA were amplified with primers 
20F (5’-GAG TTT GAT CCT GGC TCA G-3\ Position 9-27) and 1500R (5’-GTT ACC TTG 
TTA CGA CTT-3’, Position 1509-1492) (Yamada e t  al., 2000 and Katsura e t  a l . , 2001). Position 
in the rDNA fragment were based on the Escherichia coli numbering system (accession number 
V00348; Brosius e t  a l . , 1981). Amplification is carried out in 100 |al of reaction mixture 
containing 100 ng of genomic DNA, 2.5 บ of Taq polymerase, 20 mM of each dNTP, 10 pM of 
each primer, 10 mM Tris-HCl and 1.5 mM MgCl2. The reaction is performed for pre-denaturing 
at 94°c for 3 min and followed by 25 PCR cycles for dénaturation at 94°c for 1 min, annealing 
at 55°c for 1 min and extension at 72°c for 2 min and then followed by the final extension at 
72°c for 3 min. The amplified DNA is purified with QIAquick PCR Purification Kit according to 
the manufacturer’s instruction. Visualization of the purified of amplified DNA is performed by 
electrophoresis using 0.8% agarose in IX TAE buffer (0.09M Tris-borate, 0.001M EDTA; pH 
8.0) and strained with ethidium bromide (8xlO’Vg/ml) and observed under u v  Transilluminator.
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2 .4 .2 .3  D N A  s e q u e n c i n g  Amplified 16S rDNA were sequenced directly 
with an ABI PRISM BigDye Term inator cycle sequencing ready reaction 
kit on an ABI PRISM model 310 Genetic Analyzer (both from Applied Biosystems). The 
following primers were used for sequencing: 20F, 1500R, 520F (5’-CAG CAG CCG CGG TAA 
TAC-3’, Position 519-536), 520R (5’-GTA TTA CCG CGG CTG CTG-3’, Position 536-519), 
920F (5’- AAA CTC AAA TGA ATT GAC GG-3’, Position 907-926) and 920R (5’- CCG TCA 
ATT CAT TTG AGT TT-3\ Position 926-907).

2 .4 .2 .4  P h y lo g e n e tic  a n a ly s is  The sequences are pairwisely compared by BLAST 
Homology Search (http://www.ncbi.nlm.nih.gov/). Multiple alignments of the sequences were 
carried out with the program CLUSTAL X (Version 1.81) (Thompson e t  a l . , 1997). Distance 
matrices for the aligned sequences were calculated by using the two-parameter 
method of Kimura (1980) The neighbour-jointing method was used to constructed 
a phylogenetic tree (Saitou & Nei, 1987). Sites where gaps existed in any sequences are excluded. 
Bootstrap analysis is performed from 1,000 random re-samplings (Felsenstien, 1985).

3 . S c r e e n in g  o f  th e  h ig h  a c e tic  a c id -p r o d u c in g  s tr a in s

3 .1  C u ltu re  m e d iu m  a n d  g r o w th  co n d itio n

The basal culture medium mainly used was typically Glucose-Glycerol-Yeast 
extract Potato (GGYP) medium (Appendex B). A . p a s te u r ia n u s  strains were inoculated in 200 ml 
of seed medium (GGYP medium) at 30°c and 40°c on a rotary shaker 200 rpm.

3 .2  P re p a ra tio n  o f  c r u d e  e n zy m e  A D H  so lu tio n

Cells were harvested by centrifugation at 7500xg for 10 min and washed twice 
with cooled 0.1M potassium phosphate buffer (KPB), pH 6.0. The washed cells were resuspended 
in the same buffer and passed through a sonicator. Remove cells by using centrifugation at 
7500xg for 10 min and then the supernatant was used as ADH assay.

3 .3  A lc o h o l  d e h y d r o g e n a s e  a s sa y

Alcohol dehydrogenase (ADH) was measured as described by the method of 
Ameyama, 1982. The reaction mixture contained enzyme solution, buffer (Mcllvaine buffer; 
McB, pH 5.0), substrate (ethanol) 100fJ.l, 0.1M ferricyanide solution. After 5 min, dupanol 
reagent 0.5 ml was added to the medium incubated 20 min. After 20 min dH20  was added at a 
final volume of 3.5 ml. The reduction of the absorbance at 660 nm was followed with an u v
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spectrophotometer. One unit of enzyme activity was defined as the quantity of enzymes 
catalyzing the oxidation of 1 fimol of the acetaldehyde or ethanol, or the reduction of 1 Ĵ mol of 
ferricyanide per minute under the operating conditions.

The specific activity was expressed as units per milligram of proteins and the 
protein content was determined by Lowry method (Lowry e t  a l . , 1951) with B S A  (bovine serum 
albumin) as standard.

4 . A c e tic  a c id  p r o d u c tio n  o f  th e  se le c te d  s tr a in

The selected strain was cultivated in GGYP medium at 30°c on a rotary shaker 200 
rpm for 5 days. The biomass evolution was determined for its growth by using the turbidimetrical 
method (the optical density, OD) at 660 nm for every 24 h.

4 .1  E f f e c t s  o f  e t h a n o l  c o n c e n tr a t io n

The effects of ethanol concentration were determined by inoculating the selected 
isolate (high ADH activities) in 0.5%yeast extract with different amounts of ethanol ranging from 
2 to 8% (v/v).

4 .2  E f f e c t s  o f  a c e t i c  a c i d  c o n c e n tr a t io n

The effects of acetic acid concentration were determined by inoculating the selected 
isolate (high ADH activities) in 0.5%yeast extract and suitable ethanol (from 4.1) with different 
amounts of acetic acid ranging from 0.5 to 2.0% (v/v).

4 .3  E f f e c t s  o f  t e m p e r a tu r e

Temperature effects on acetic acid production were determined by incubating the 
selected isolate in 0.5%yeast extract and suitable ethanol and acetic acid as in 4.1, 4.2 and . 
incubating at 30, 37 and 40°c.

Acetic acid in the culture medium produced by the selected isolate was measured 
by titration with 0.5N NaOH using phenolphthalein as a pH indicator and calculated the total 
acetic acid production as described by Helrich, 1990 (Appendex E).
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