
LITERATURE REVIEWS

1. Characterization of acetic acid bacteria
A c e tic  a c id  b ac te ria  w ere  the s tr ic t ly  ae rob ic  bac te ria , g ra m -n e g a tive , rods, non-spore  

fo rm in g  and sm a lle r co lo n ie s , ox idase  n ega tive , catalase p o s itive . T he  u b iq u in o n e  system  was Q - 

9 o r  Q -10 . The o p tim u m  tem pera tu re  was 30°c. T he  co lo n ie s  w ere  a rounded w ith  c lea r zone 

w h e n  th e y  g ro w n  o n  c a lc iu m  carbonate  agar m e d iu m . T he  base c o m p o s itio n  ranges fro m  54.0-

65 .0  m o l%  o f  G + C  content.

T he  ace tic  a c id  bac te ria  can w ere  fo u n d  in  v in e g a r, flo w e rs , fru its , insects, a lcoho l 

beverages, nata de coco and fe rm en ted  foods and so on. N ow adays  the  ace tic  a c id  bacte ria  were 

c la s s if ie d  in to  s ix  genera as fo llo w e d  d e sc rip tio n .

1.1 A c e to b a c te r

A c e to b a c te r  s tra ins e x h ib ite d  the c a p a b ility  fo r  p ro d u c in g  ace tic  a c id  fro m  e thano l bu t 

in h ib ite d  b y  h ig h  c o n ce n tra tio n  o f  p h eno l. T h e y  c o u ld  o x id iz e  acetate and lacta te  to  carbon 

d io x id e  and w a te r and con ta ined  the m a jo r  u b iq u in o n e  w ith  n ine  isoprene u n its  (Q -9 ) (Y am ada  e t  

a l., 1997; C le e n w e rc k  e t a l., 2002 ). C o lo n ie s  w ere  sm oo th , ra ised, be ige  to  b ro w n  c o lo r, and 

re g u la r too  w a v y  and sm a lle r. T h e y  w ere  ab le  to  p roduce  2 -k e to -D -g lu c o n a te  fro m  D -g lucose  bu t 

incapab le  to  p roduced  5 -ke to -D -g lu c o n a te  fro m  D -g lu co se . M o s t m em bers o f  the genus were 

unab le  to  use a m m o n iu m  as n itro g e n  source, w h ile  th e y  use e thano l, m e th a n o l and m altose fo r  

ca rbon  source. T h e y  g ro w  o n  n -p ro p a n o l w ith  a m m o n iu m  as the n itro g e n  source. T he  D N A  base 

c o m p o s itio n  ranges fro m  5 6 .0 -57 .6  m o l %  o f  G + C  co n te n t (C le e n w e rc k  e t  a l., 2002 ). T he  genus 

A c e to b a c te r  in c lu d e d  m any species such as A c e to b a c te r  a c e t i , A. p a s te u r ia n u s , A. p e ro x y d a n s , A. 

a lc o h o lo p h ilu s„ A. lo v a n ien s is , A . e s tu n en sis , A. in d o n es ien sis , A. tro p ic a lis , A. o r lea n en sis , A. 

c ib 'io g ^ n s is ,  A. s y z y g ii ,  A. o r ie n ta lis s , A. tro p ic a lis , A. m a lo ru m , A. c e re v is ia e . T h e ir  d iffe re n tia l 

cha rac te ris tics  are show n  in  T ab le  2.1.

CHAPTER II
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Table 2.1 Differentiatial characteristics of A c e to b a c te r  species

Characteristics
1. 2 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14.

Catalase + -r + + + + + d - - -
Ketogenesis from 
glycerol -r nd - - - - nd - d - r - -

A d d  formation from 
D-glucose + -e * - + + -r + d — พ - -

Formation from D- 
ghicose of 

2-Keto -D -gluconate 
5-K.eto -D -gluconate

Growth in the presence 
of

30% glucose
- - nd - - - + nd - - - nd -

Growth in the presence 
of

10% ethanol
- nd - - - - nd - - - - -

Nitrate reduction * - nd - - d d nd - d + -  nd - -

Symbols: +, 90% Of mors of the strains positive; พ, weakly positive reaction; 4, î 1-89% of the strains positive; - ,  90% 
or more of the strains negative; and nd, not determined.
1 1., .1 cent-, 2., A. Cirevistar; 3., A. ciio/tgensb; 4,, A. estummls; ร., A. indontzitnzh', 6., .1 bvanimsb; 7., A 

mabrum; 8., A. orientate] 9., A. orkcmraiS] 10., A. paziewkmus] 11,4. peroxytktK] 12., A. pomorum] 13., A . 
syzyg ii, and 14., A. tropic a lt.

4 Nitrate reduction was tested in nitrate peptone accordât! to>Franke St al. (1999).
Data from Sofcotlek et al. (199Sh), Lisdiyanti et al. (2000), Lisdiyanti et al. (2001), and Clsenwtrck et al. (2002).

1.2 G lu c o n o b a c te r

G lu c o n o b a c te r  s tra ins  w ere  incapab le  fo r  c o m p le te ly  acetate and lactate o x id a tio n  to  

ca rbon  d io x id e  and w a te r. T h e y  con ta ined  u b iq u in o n e -10 (Q -1 0 ) as m a jo r u b iq u in o n e  in  

o x id a tio n  re s p ira to ry  system  (Y a m a d a  e t  a l ,  1997). E ve n  to  in  som e species w ere  n o t e x h ib ite d  

m o t i l i t y  bu t som e w ere  m o tile  w ith  p o la r fla g e lla . T h e y  p roduced  w a te r-so lu b le  b lo w n  p ig m e n t 

on  c a lc iu m  carbonate  m e d iu m  p la tes and con ta ined  s tra ig h t-c h a in  € 16 and € 18 fa tty  acids. T hey  

w ere  ab le to  o x id iz e  e thano l to  ace tic  a c id  and u t i l iz e  va rious  sugars, sugar acids and a lcoho l 

sugars such as D -g lucose , D -s o rb ito l,  D -a ra b ito l, m e s o -e ry tr ito l, g ly c e ro l and so on. T hey  

p ro d u ce d  v in e g a r fro m  e thano l and ca rr ie d  o u t b y  sequentia l m em brane  bound  a lco h o l and 

depended on a ldehyde  dehydrogenase fu n c tio n s . 5 -k e to -D -g lu c o n a te  was p roduced  fro m  D - 

g lucona te  b y  g lucona te  dehydrogenase as in v o lv e d  q u in o n e p ro te in  g ly c e ro l dehydrogenase and 

p roduced  2 -ke to -D -g lu c o n a te  fro m  g lucose b y  g lucose  dehydrogenase w h ic h  in v o lv e d  

fla v o p ro te in  D -g lu co n a te  dehydrogenase (M a tsu sh ita  e t  a i ,  2003 ). In  a d d itio n , g lu c o n ic  acid
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re q u ire m e n t w ere  d iffe re n t in  som e species o f  m em bers in  the genus. G lu c o n o b a c te r  species w ere  

v e ry  im p o rta n t fo r  L -a s c o rb ic  a c id  o r v ita m in  c, cost va lu a b le  sugars p ro d u c tio n  and so on. 

G lu c o n o b a c te r  s tra ins  w ere  m o s tly  fo u n d  in  fru its  and flo w e rs . T he  D N A  base c o m p o s itio n  

ranged  fro m  5 4 -60  m o l%  o f  G + C  con ten t (K a tsu ra  e t a l., 2002 ). T he  genus G lu co n o b a c te r  

in c lu d e d  f iv e  species; G. ox yd an s, (H enneberg , 1987) G. cer in u s , (Y a m a d a  and A k ita , 1984), 

G .fr a te u r ii ,  (M a so n  and C laus, 1989) G. th a ila n d icu s  (T anasupaw at e t a l., 2 0 04 ) and G. a lb id u s. 

(Y u k p h a n  e t a l ,  2005 ). T h e ir  d if fe re n tia l ch a rac te ris tics  are show n  in  T a b le  2 .2  (Tanasupaw at e t  

๔ . ,  2004 ).

Table 2.2 Differential characteristics of G lu c o n o b a c te r  species
C harac te ris tics G. o x yd an s G. cerin u s G. f r a te u r i i G. th a ilan d icu s

G ro w th  on m e s o -R ib ito l - - พ พ

G ro w th  on L -A ra b ito l - - พ พ

A c id  fo rm a tio n  fro m

D -M a n n o se พ + + -

D -S o rb ito l - + - -

M a lto se + - - -

1.3 A c id o m o n a s

A c id o m o n a s  s tra ins w ere  fa c u lta t iv e ly  m e th y lo tro p h ic  bacte ria . T h e y  u tiliz e s  m ethano l, 

e thano l, acetic  ac id , D -G lu co se , g ly c e ro l and p e c tin  as carbon  and energy source. G row ths  on 

P Y M  m e d iu m  and co lo n ie s  cha rac te ris tics  w ere  sh in y , sm oo th  surface, ra ised  e leva tion , en tire  

edge and w h ite  to  p a le -y e llo w  co lo rs . T he  m a jo r u b iq u in o n e  system  w as a lo n g  betw een Q -1 0  

w ith  Q -9  and m in o r  u b iq u in o n e  was Q - l l  com ponents  (Y a m a d a  e t a l., 1968). The c e llu la r 

c o m p o s itio n  w ere  a lo t o f  s tra ig h t-c h a in  unsatura ted C 18: 1 fa tty  a c id  and a l it t le  s tra igh t chain 

satura ted € 15 0, € 16. 0, € 17. 0, € 18 0 and € 19 0 fa tty  ac id  and s tra ig h t-ch a in  unsa tu ra ted  € 16. 1 fa tty  ac id  

and € 19. 0 cyc lo p ro p a n e  acid . In  a d d itio n , they  can ’ t p roduce  w a te r-so lu b le  p ig m e n t and were 

unab le  to  reduce n itra te  to  n itr ite  b u t p roduce  am m on ia . N e g a tive  fo r  lism us m i lk  reaction , and 

V oges-P roskaue r test, in d o le  p ro d u c tio n , h yd rogen  s u lfid e  fo rm a tio n , and g e la tin  and starch 

h y d ro ly s is . N o  p roduce  d ih yd ro xya ce to n e  fro m  g ly c e ro l. A c id  was p roduce  fro m  a D -g lucose  

o x id a tiv e ly . U t i l iz e  L -a ra b in o se , D -x y lo s e , D -fru c to se , D -ga lactose , m a ltose , sucrose, lactose, 

treha lose , D -s o rb ito l, D -m a n n ito l, in o s ito l, so lub le  starch , c it r ic  ac id , la c tic  ac id , m e thy lam ine , 

m ethane o r h yd ro g e n  and som e stra ins can u til iz e  D -m annose  w e a k ly . T h e y  u tiliz e d  am m on ia ,
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n itra te  and urea as n itro g e n  source. T he  D N A  base c o m p o s itio n  ranged fro m  63 .0 -65 .0  m o l %  o f  

G + C  con ten t (U ra k a m i e t a l ,  1989). T h is  genus w as in c lu d e d  o n ly  one species, A c id o m o n a s  

m eth a n o lica  (U ra k a m i e t a l., 1989).

1.4 G lu c o n a c e to b a c te r

G lu c o n a c e to b a c te r  s tra ins w ere  G ra m -n e g a tive  bac te ria , e llip s o id a l to  ro d  and s tra igh t 

o r  s l ig h t ly  cu rved , 0 .8 -1 .2  p m  b y  1 .3-1.6 p m , non  m o tile , o c c u rr in g  s in g ly , in  cha ins and m a in ly  

in  pa irs  and non  sp o re -fo rm in g . T he  m e ta b o lism  w as o x id a tiv e , ca ta lase -pos itive , ox idase­

nega tive . P roduce u b iq u in o n e -1 0  fo r  m a jo r u b iq u in o n e  system  (Y a m a d a  and K o n d o , 1984). G ro w  

on  A E  agar m e d iu m  and o ccu rre d  s m a lle r c o lo n y , ro u n d  fo rm , re g u la r, um bonate , so ft, g lossy, 

s ized  1-2 m m . G ro w th  o n ly  on  the ace tic  a c id  presented, e thano l and g lucose m e d iu m  by  the 

co n ce n tra tio n  exceed abou t 6 .0  % . O x id iz e  ace tic  a c id  fro m  e thano l b u t dose n o t o v e r-o x id iz a tio n . 

G ro w  on 3 %  (v /v )  e thano l as m e d iu m  presence o f  a ce tic  a c id  up to  11 %  (v /v )  and h ig h  g ro w th  

on  g lucose, fruc tose  and sucrose presented in  A E  agar m e d iu m . U n a s s im ila te d  g lucona te , g ly c e ro l 

and lactate. N o  k e to g lu c o n ic  ac id  fo rm a tio n  fro m  g lucose  and no detected o f  fo rm a tio n  ce llu lose  

o n  s o lid  m ed ia  o r  in  b ro th  (S c h ü lle r  e t a l ,  2000 ). S om e species w ere  n itro g e n - f ix in g  bacte ria  as 

associa ted w ith  co ffe e  p la n t o r  l iv in g  w ith  b a c te r ia l c o m m u n ity  in  rh izosphe re  o f  C h rysan them um  

v ia  p lan ts  in  the nature  (Fuentes e t a i ,  20 0 1 ). T he  D N A  base c o m p o s itio n  ranges fro m  55-63 m o l 

%  o f  G + C  con ten t (S c h ü lle r  e t a l., 20 0 0 ). T he  genus G lu c o n a c e to b a c te r  in c lu d e d  Ga. 

d ia z o tro p h ic u s , Ga. e u ro p a eu s, G a. h a n sen ii, G a. x y lin u s , Ga. liq u efa c ien s , Ga. sa cch a r i, Ga. 

in te rm ed iu s , G a. o b o e d ie n s , G a. en ta n ii, G a. a zo to c a p ta n s ,  and G a. jo h a n n a e  (Y am ada, 2000; 

S c h ü lle r e t  a l ,  2000 ; Fuentes e t a l ,  2001 ).

1.5 A s a ia

A sa ia  stra ins w ere  G ra m -n e g a tive  ro d  b ac te ria , s tr ic t ly  aerob ic , ox idase-nega tive  and 

ca ta lase -pos itive . Som e s tra ins w ere  m o tile d  b y  p e r itr ic h o u s ly  fla g e lla . C o lon ies  w ere sm a lle r 

w ith  va rious  cha rac te ris tics  such as w h ite , y e llo w is h , p a le -p in k  to  p in k  co lo rs , sh iny , sm ooth , 

ra ised  and re g u la r too  w a v y  and sm a lle r on  A G  m e d iu m . O x id iz e  acetate and lactate co m p le te ly  

to  ca rbon  d io x id e  and w a te r. P roduce Q -1 0  fo r  m a jo r u b iq u in o n e  in  re sp ira to ry  system . N o  

p roduce  w a te r-so lu b le  b ro w n  p ig m e n t. M o s t m em ber w ere  no t p roduced  ace tic  ac id  fro m  ethanol. 

G ro w th  was in h ib ite d  b y  0.35 %  o f  a ce tic  ac id  and no g ro w th  on m e thano l. G ro w  on 30 °c at pH

3.0 fo r  cu ltu red . A s s im ila te  a m m o n iu m  su lfa te  fo r  g ro w th  o n  v ita m in -fre e  g lucose m ed ium . G ro w



8

on  m a n n ito l and g lu tam ate  m e d iu m . P ro d u c tio n  2 -k e to -D -g lu c o n a te  and 5 -ke to -D -g lu co n a te  fro m  

D -g lu co se  b u t n o t p roduce  2 ,5 -d ik e to -D -g lu c o n a te . A c id  fo rm a tio n  fro m  D -g lu co se , D -m annose, 

D -fru c to s e , L -so rbose  and d u lc ito l.  T he  D N A  base c o m p o s itio n  ranges fro m  59 .3 -6 1 .0  m o l%  o f  

G + C  con ten t (K a tsu ra  e t  a l., 2001 ; Y u k p h a n  e t a i ,  2004 ). N o w a d a ys , genus A sa ia  in c lu d e d  As. 

b o g o re n s is \  A s. s ia m e n s is ; As. k r im g th ep en s is  (Y a m a d a  e t  a l., 2000 ; K a tsu ra  e t a l., 2001; 

Y u k p h a n  e t a l., 2004 ).

1.6 K o z a k ia

The K o za k ia  species d iffe re n tia te d  fro m  o th e r m em bers o f  A c e to b a c te ra c e a e  as the 

capab le  p ro d u c tio n  le v a n - lik e  m ucous substance fro m  sucrose o r D -fru c to se . K o za k ia  w ere  G ra m ­

nega tive  bac te ria , rod , non  m o tile , m easu ring  0 .6 -0 .8  b y  2 .0 -3 .0  p m . T h e y  w ere  s tr ic t ly  aerob ic, 

ca ta lase -pos itive , ox idase -nega tive  and m a jo r u b iq u in o n e  was Q -10 . D oes n o t p roduce  w a te r- 

s o lu b le  b ro w n  p ig m e n t fro m  D -g lu co se  o r on c a lc iu m  carbonate c o n ta in in g  agar s lan t m ed ium . 

T h e y  w ere  unab le  to  p roduce  ge la tinase , h yd ro g e n  s u lfid e , in d o ls  o r  a m m o n ia  fro m  L -a rg in in e  

and no  g ro w th  on 30 %  o f  D -g lu co se . T h e y  w ere  w e a k ly  a c tiv ity  w h e n  o x id iz e  acetate and lactate 

to  ca rbon  d io x id e  and w a te r and p ro d u c tio n  acetic  a c id  fro m  e thano l. G ro w th  on m a n n ito l agar 

b u t n o t on  g lu tam ate  and n o t in h ib ite d  b y  0 .3 5 %  ace tic  ac id  at p H  3.5. N o  g ro w th  on 3 0%  o f  D - 

g lucose  and no a ss im ila te d  am m o n ia  n itro g e n  on g lucose  m e d iu m , m a n n ito l m e d iu m  o r  e thano l 

m e d iu m  w ith o u t v ita m in s . P roduce d ih yd ro xya ce to n e  fro m  g ly c e ro l and p roduce  2 -k e to -D - 

g lucona te  and 5 -ke to -D -g lu c o n a te  fro m  D -g lu co se , bu t no  p roduce  2 ,5 -d ike to -D -g lu co n a te . 

P roduce  y -p y ro n e s  fro m  D -fru c to s e  b u t no t fro m  D -g lu co se . A c id  fo rm a tio n  p roduced  fro m  L -  

arab inose , D -x y lo s e , D -g lu co se , D -ga lac tose , D -m annose , m e lib io se , ra ffin o s e , m e so -e ry t r i to l,  

g ly c e ro l and e thano l bu t a c id  p ro d u c tio n  fro m  D -a rab inose  and sucrose was va ria b le  depend ing 

on the s tra in . T he  D N A  base c o m p o s itio n  ranges fro m  56 .8 -57 .2  m o l%  o f  G + C  con ten t 

(L is d iy a n t i e t  a l., 2002 ). T he re  was o n ly  one species in  the genus K o z a k ia , K . b a lien sis  

(L is d iy a n t i e t a l., 2002).
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2. Molecular Analysis

2.1 Polymerase chain reaction (PCR)
The po lym erase  ch a in  re a c tio n  o r P C R  w as based on an a m p lif ic a t io n  o f  ta rge t D N A  in 

v itro . A  tem pera tu re -resw astan t D N A  po lym erase  o r  T a q  po lym erase , fro m  T herm us a q u a ticu s  

bacte ria  was used to  D N A  a m p lif ic a t io n  fro m  D N A  p rim e rs . P rin c ip le  o f  th is  techn ique  in c lu d in g  

three steps fo r  one cyc le  as ch a in  reac tion .

- Dénaturation
D o u b le  strand D N A  tem p la tes w ere  dena tu red  b y  h ig h  tem pera tu re  90 -95  c to fo rm  

s in g le -s tra n d e d  D N A  tem pla tes.

- Annealing
A t  s p e c ific  o lig o n u c le o tid e  p rim e rs  w ere  b o n d  s in g le -s tra n d  D N A  tem p la tes at the 

a nnea ling  tem pera tu re , depend ing  on m e ltin g  tem pera tu re  ( tm) o f  the o lig o n u c le o tid e  p rim ers .

- Primer extension (amplification) step
D N A  p o ly m e riz a tio n  w as p e rfo rm e d  b y  D N A  po lym erase  fo r  synthesizes n ew  D N A  

m o le c u le  in  a 5 ’ — > 3 ’ ex tens ion  as u s in g  the p r im e r to  in it ia l the re a c tio n  and exponen tia l 

increase in  the n u m b e r o f  segm ents re p lica te d . A m p lif ic a t io n s  b y  as m u ch  as m ill io n - fo ld s  can be 

re a d ily  ach ieved  o r abou t 20 cyc le  fro m  theo ry .

A p p lic a t io n  o f  P C R  techn ique  in c lu d e d , a s in g le -co p y  gene can be a m p lif ie d  ou t o f  a 

g e nom ic  sam ple , p ro v id e d  p rim e rs  co rre sp o nd in g  to  k n o w  sequences o f  the gene w ere 

syn thes ized . Because o f  the exp o n e n tia l a m p lif ic a t io n , P C R  was v e ry  sens itive  and w ere  detected 

e x tre m e ly  lo w  c o p y  n u m b e r in  sam ple. In  a d d itio n , P C R  techn ique  w ere  im p ro v e d  and deve loped 

to  be h ig h ly  sens itive  and sp e c ific  such as B o o s te r P C R , A s y m m e tr ic  P C R , N ested P C R , 

M u lt ip le x  P C R , Inve rse  P C R , R e co m b in a n t P C R , R T -P C R , A n ch o re d  P C R , and E xp ress ion  P C R  

and so on. N o te  tha t, the P C R  techn iques w ere  unnecessary to  re s tr ic t ly  d igest o f  the substrate 

D N A , because the p rim e rs  w i l l  m a tch  to  the a pp rop ria te  sequence o f  n a tive  D N A . F u rthe rm ore , 

no  le n g th y  c lo n in g  p rocedures w ere  necessary, because enough D N A  was a m p lif ie d  tha t a c lear

band on a ge l w as p roduced .
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2.2 Restriction fragment length polymorphism (RFLP)
R e s tr ic tio n  fra g m e n t le n g th  p o ly m o rp h is m  ana lys is  w as m e th o d  fo r  id e n tif ic a t io n  and 

ty p in g  o f  m ic ro o rg a n is m  b y  used re s tr ic tio n  enzym es w e re  s p e c ific  locus sites to  cu ttin g  

n u c le o tid e  fra g m e n t fo r  d if fe re n t ly  D N A  p ro f ile s  on e lec trophores . P C R -R F L P  m ethod  were 

in it ia le d  b y  a m p lif ic a t io n  o f  ta rge t D N A s  w ith  T aq  po lym erase  and o lig o n u c le o tid e  p rim e rs  at the 

s p e c if ic  locus sites thus  as 16S, 23S and 16S-23S  r D N A  spacer reg ions . A f te r  a m p lif ie d  D N A s  

fo l lo w in g  to  c le a v in g  P C R  p roduc ts  b y  re s tr ic tio n  enzym e  and exam ine  D N A  fragm en t b y  

agarose ge l e lec trophores is . T h is  m e thod  w as a p p lic a tio n  fo r  id e n t ify  m ic ro o rg a n is m  and use fu l 

fo r  D N A  g e nom ic  fin g e rp r in t in g  in  p la n t id e n tif ic a tio n s  (O liv e  and B ean, 1999; Y u kp h a n , 2004).

16S rRNA tRNA** tRNA* 23SritNA

Fig. 2.1 The 16S-23S rDNA internal transcribed spacer regions
(G iir t le r  and S tanw asich , 1996)

T he  r ib o s o m a l ope ron  was a c lass ic  m a rk e r used to  trace gene tic  re la tio n sh ip s  and to  

id e n t ify  stra ins ra p id ly . O f  a ll the  d iffe re n t reg ions  o f  the  r ib o s o m a l operon , the in te rna l 

tra n sc rib e d  spacers ( IT S ) be tw een 16S and 23S r ib o s o m a l D N A  w e re  fre q u e n tly  used as 

m o le c u la r m arke rs  to  id e n tify  m ic ro b ia l species and ana lyze the p h y lo g e n e tic  re la tionsh ip  

be tw een  stra ins. T h e  IT S  reg ions  w ere  g e n e ra lly  fo u n d  in  m u lt ip le  cop ies in  m ost bacte ria l 

genom es. S ince IT S  reg ions h y p e r va ria b le  w ith  respect to  ad jacen t genes, due to  a h ig h e r 

m u ta tio n  ra te , th e y  can d iffe re n tia te  be tw een m u lt ip le  opérons in  the c e ll. T he  IT S  con ta ins genes 

fo r  encode 0, 1, o r  2 tR N A  such as tR N A lle and tR N A Alc a d d itio n  to  the a n tite rm in a tio n  b o x  B -b o x  

A  m o t ifs  w h ic h  p reven t p rem atu re  te rm in a tio n  o f  t ra n s c rip tio n  and also have a ro le  in  h o ld in g  in  

secondary  s truc tu re  o f  the nascent rR N A  fo r  p rocess ing  to  m a tu re  rR N A s  (T rC ek and Teuber, 

2002) .

Since 1984, Y am ada  and A k ita  s tud ies fo r ty - th re e  s tra ins  o f  G lu co n o b a c te r  species b y  

used e le c tro p h o re tic  co m p a riso n  o f  s ix -e n zym e  p roduced  in  th is  genus. T he  agarose gel 

e le c tro p h o re tic  pa tte rn  o f  enzym es presented to  separate th is  genus in to  tw o  groups, G roup  I I  and
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I. B y  the s im ila r ity  va lue  o f  re la tio n  be tw een o f  tw o  g roups  w as 0 % . G ro u p  I described  to  a h ig h  

G + C  con ten t o f  D N A  ra n g in g  fro m  58.1 to  62.8 m o l% , rang  o f  4 .7  m o l% . G ro u p  I I  in c lu d e d  o f  

o rganw asm s w ith  a d is t in c t ly  lo w e r G + C  con ten t o f  D N A  ra n g in g  fro m  5 4 .2 -5 7 .6  m o l% , rang  o f

3 .4  m o l% . T h is  s tudy  p roposed  a n ew  species, G lu c o n o b a c te r  cer in u s , sp .n o v ., nom . rev , 

c la s s if ie d  in to  G ro u p  I I .  S ubsequen tly , Y am ada e t  a l., (1 9 8 4 ) w ere  e xam ina ted  o f  D N A  h o m o lo g y  

fo r  tw e n ty  s tra ins o f  G lu c o n o b a c te r  species w ith  o th e r genera re la tio n . F ro m  th is  s tudy, they 

fo u n d  d if fe re n t ly  va lue  D N A - D N A  s im ila r ity  depended on  re la tio n s h ip , a lso th is  data used fo r  the 

cha rac te ris tics  fo r  id e n tif ic a t io n  and c la s s if ic a tio n  in  the c u rre n t tim e .

In  2000, R u iz  e t  a l. e xam ined  and id e n tif ie d  ace tic  a c id  bac te ria  b y  R F L P  o f  P C R - 

a m p lif ie d  16S rD N A  and 16S-23S rD N A  in te rg e n ic  spacer. These s tu d y  in c lu d e d  F ra teu r ia  

a u ra n tia  L M G  1558Tand E sch er ic h ia  c o li  A T C C  11775T fo r  o u t-g ro u p  com parisons . The 

a m p lif ie d  16S rD N A  p roduc ts  about 1450 bp and 16S-23S r D N A  in te rg e ic  spacer P C R  p roducts  

abou t 675 and 800 bp. P C R  produc ts  d ig e s tio n  b y  4 -b a se -cu ttin g  re s tr ic tio n  enzym es in  o rd e r to  

eva luate  the degree o f  p o ly m o rp h is m  e x it in g  am ong  these stra ins. E ig th  4 -b ase -cu tting  re s tr ic tio n  

ana lys is  o f  16S rD N A  P C R  produc ts  was proposed  as a ra p id  and re lia b le  m e th o d  to  id e n tify  

ace tic  a c id  bac te ria  at the le v e l o f  genus and species and its  a p p lic a b ili ty  to  id e n tif ic a t io n  o f  

in d ig e n o u s  ace tic  ac id  bac te ria  w as dem onstra ted . H o w e v e r, 16S-23S r D N A  IT S  re s tr ic tio n  

pa tte rns o f  stra ins iso la ted  fro m  w in e  d id  no t m a th  those o f  any o f  the re fe rence  stra ins. Thus, 

P C R -R F L P  o f  the 16S-23S IT S  was n o t u se fu l m e th o d  to  id e n tif ic a t io n  o f  ace tic  a c id  bacte ria  at 

the species le v e l a lthough  i t  m a y  be an adequate m e th o d  to  detect in tra s p e c if ic  d iffe re n tia tio n . In  

a d d itio n  w h e n  they  id e n t ify  acetic  a c id  bacte ria  b y  P C R -R F L P  o f  the gene c o d in g  fo r  16S rD N A . 

T h e y  fo u n d  th is  e x a m in a tio n  able to ra p id  id e n tif ic a t io n  o f  ace tic  a c id  b a c te r ia  at the genus leve l 

a fte r d iges ted  P C R  p roduc ts  b y  T aql re s tr ic tio n  enzym e.

T rc e k  and T euber, 2002  repo rted  to  m o le c u la r cha rac te ris tics  o f  ace tic  ac id  bacte ria  

iso la te d  fro m  s p ir it  v in e g a r. T h e y  used three techn iques fo r  m o le c u la r ana lys is , in c lu d in g  

a m p lif ie d  rD N A  re s tr ic tio n  ana lys is  (A R D R A ) , ra n d o m ly  a m p lif ie d  p o ly m o rp h ic  D N A  ana lys is  

(R A P D ) and d o t b lo t h y b r id iz a t io n  ana lys is  w ith  an W A S  1380 p robe . A m o n g  13 ana lyzed 

A c e to b a c te r  s tra ins, the R A P D  m ethods revea led  th ree d iffe re n t p ro file s . Each o f  these p ro file s  

w as com parab le  to  one o f  the  A R D R A  p ro file s  o f  the fo l lo w in g  re fe rence  s tra ins  thus as A. a ceti, 

A. h a n sen ii  and A. x y lin u s  as a ll w ere  type  species. R A P D  p ro f i l in g  w as m ore  d is c r im in a to ry  than 

A R D R A  p ro f il in g , b e ing  ab le  to  d is tin g u is h  be tw een iso la tes w ith  id e n tic a l A R D R A  p ro file s .
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In  2002 , T rc e k  and T e u b e r rep o rte d  the gene tic  and re s tr ic tio n  ana lys is  o f  the 16S-23S 

r D N A  in te rn a l transc ribed  spacer reg ions  o f  the ace tic  a c id  bac te ria . F ifty -s e v e n  stra ins w ere  

a m p lif ie d  the IT S  reg ions  and d igested  w ith  H a e l l l  and H p a ll.  T he  resu lts  o f  these enzym es 

a ffe c te d  b e lo ng  to  12 d is t in c t g roups o f  re s tr ic tio n  types. A l l  the re s tr ic tio n  p ro file s  ob ta ined  a fte r 

ana lys is  o f  m ic ro b ia l p o p u la tio n s  fro m  v in e g a r m atched  one o f  the 12 groups.

R ecen tly , Y u k p h a n  e t a l., e xam ined  n e w  approach  fo r  id e n tif ic a t io n  o f  G lu co n o b a ce te r  

A sa i 1935. The 16S-23S rD N A  in te rn a l tra n sc rib e d  spacer reg ions  re s tr ic tio n  and sequence 

ana lys is . T h is  s tudy in c lu d e d  th irte e n  re fe rence  s tra ins  such as the typ e  stra ins o f  the 

G lu c o n o b a c te r  o x yd a n s  N B R C  14819T, G. ce r in u s  N B R C  3267T, G. a s a ii  N B R C  3276T, w h ic h  

was a ju n io r  su b je c tive  sy n o n y m  o f  G. cer in u s , and G. f r a te u r i i  ( IF O  3264T) w ere  exam ined  fo r  

th e ir  species id e n tif ic a t io n  based on  the sequence and the re s tr ic tio n  analyses o f  the 16S-23s 

r D N A  in te rn a l transc ribed  spacer reg ions . A  p h y lo g e n e tic  tree cons truc ted  b y  the n e ig h b o r­

jo in in g  m e thod  represented three c lus te rs  co rrespond  re sp e c tive ly  the three species, G. ox yd an s, 

G. ce r in u s  and G. fr a te u r ii .  Severa l re s tr ic tio n  endonucleases d is c r im in a t in g  the three species 

fro m  one ano ther w ere  selected b y  co m p u te r analyses such as B s p l l i E l ,  M b o l l ,  S a p l, B p u lO l, 

E a r l, R v z H K A l and F a tl. O n  d ig e s tio n  o f  the P C R  produc ts  w ith  re s tr ic tio n  endonucleases 

Rï/? 12861 and M b o ll ,  a ll the  re s tr ic tio n  patte rns c o in c id e d  w ith  those o f  the typ e  stra ins o f  the 

th ree species excep t fo r  s tra in  N B R C  3251. T h is  s tra in  gave a d iffe re n t pa tte rn  fro m  G. fr a te u r ii ,  

w h e n  d igested  w ith  M b o ll .  H o w e v e r, th e y  p roposed  s tra in  3251 was in c lu d e d  p h y lo g e n e tic a lly  in  

the G. fr a te u r i i  c lus te r. In  a d d itio n , the resu lts  o f  th is  s tudy  show ed  a b i l i ty  to  id e n tify  the 

G lu c o n o b a c te r  species at the species leve l.

2.3 DNA sequencing analysis
O ne o f  the requ irem en ts  fo r  D N A  sequenc ing  ab le to ob ta in  d e fin e d  fragm ents o f  

D N A . T hus , there was a s tro n g  in  dependence o f  D N A  c lo n in g  and D N A  sequenc ing  techno logy , 

in  as m uch  as D N A  c lo n in g  p rov ides  a m p lif ie d  sam ples o f  d e fie d  D N A  fragm ents. D N A  

sequenc ing  was o r ig in a lly  p e rfo rm e d  b y  u s in g  ra d io a c tiv e  labe ls fo r  de te c tio n  o f  the reaction  

p ro d u c ts , and approach tha t was u nsu itab le  fo r  c l in ic a l use. F red Sanger deve loped  the D N A  

sequenc ing  m e thod  tha t the sequence was then  read w ith  an au tom ated  in s tru m e n t co m m o n ly  

used in  the present, e m p lo y  flu o re sce n t nuc leo tides  to  labe l the D N A , Sanger m e thod  was based 

on D N A  synthesis  in  the presence o f  d id e o xyn u c le o tid e s , w h ic h  d if fe r  fro m  no rm a l 

d e o xyn u c le o tid e s  in  tha t la c k  o f  a 3 ’ -h y d ro x y l g roup . T he  respective  d id e oxynuc leo tides
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tr iphospha tes  (d d N T P s) can be in co rp o ra te d  in to  a g ro w in g  strand, w h e n  in co rpo ra ted , they 

te rm in a te  synthesis because la c k  o f  the 3 ’ -h y d ro x y  g roup  th a t’ s necessary to  bond  w ith  the nex t 

n u c le o tid e  triphosphates. E ach o f  fo u r  re a c tio n  tubes w as prepared w ith  a s in g le - strand D N A  

tem p la te  fo r  the sequence o f  in te rest, p lu s  D N A  po lym erase  and a section  o f  labe led  p rim e r. Each 

tubes rece ives a sm a ll am oun t o f  a d iffe re n t d d N T P  (d d A T P , d d T T P , d d C T P , o r d d G T P ), toge ther 

w ith  the fo u r  no rm a l d e o xyn u c le o tid e  tr iphospha tes  (d N T P s). A  d id e o x y n u c le o tid e  w i l l  be 

in co rp o ra te d  ra n d o m ly , at d iffe re n t sites in  d iffe re n t syntheses in  the re a c tio n  tube. T he re fo re , in  

any g iv e n  tube, va rious  trunca ted  ch a in  leng ths w i l l  be p roduced , each c o rre sp o nd in g  to  the p o in t 

at w h ic h  the respective  d d N T P  fo r  tha t tube  was in co rp o ra te d  and te rm in a te d  strand g row th . 

These leng ths in  tu rn  w ere  c leared in d ic a t io n  o f  w here  the bases co m p le m e n ta ry  to  the ddN TP s 

w ere  on the tem p la te  strand. Because in c o rp o ra tio n  was ra n d o m , a ll p oss ib le  trunca ted  fragm ents 

w i l l  be p roduced , co rrespond ing  to  a ll the va rio u s  pos itions  o f  th a t p a rt ic u la r base. 

E le c tro p h o re s is  o f  the fo u r  sam ples in  fo u r  lanes on and an a c ry la m id e  ge l can v isua lize  the 

fra g m e n t, w here  the fragm en ts  fo rm  bands. T he  base sequence can be d e te rm in ed  b y  scanning up 

the ge l, encom passing a ll fo u r  lanes, and re c o rd in g  w h ic h e v e r base occup ies the te rm inus  in  the 

ne x t band. C u rre n tly , d u rin g  e lec trophores is , these flu o re s c e n tly  labe led p roduc ts  w ere  exc ited  b y  

an a rgon  laser and a u to m a tic a lly  detected. T he  re s u ltin g  data was sto red  in  d ig ita l fo rm  fo r  

sequence p rocess ing  in to  the f in a l sequence w ith  the a id  o f  spec ia lized  so ftw a re . There w ere 

severa l cons idera tions  tha t m ust be eva lua ted  be fo re  u n d e rta k in g  the use o f  D N A  sequencing fo r  

s u b ty p in g  (O liv e  and Bean, 1999; Y u k p h a n , 2004).

In  1995, S ievers e t a l., studies abou t p h y lo g e n e tic  p o s itio n  o f  G lu c o n o b a c te r  species as 

a cohe ren t c lus te r separated fro m  a ll A c e to b a c te r  species on the based o f  16S rR N A  genes 

sequences. B y  p h y lo ge n e tic  tree re la tio n s h ip  o f  16S rR N A  genes sequence o f  a ll organ ism s were 

e xa m in a tio n s  presented to  d if fe re n tly  p o s itio n  and c lo s e ly  re la ted  c lu s te r o f  G lu co n o b a c te r  w ith  

A c e to b a c te r .

In  1997, Y am ada e t a l., e xam ined  fo r  the p h y lo g e n y  on based o f  p a rtia l sequences o f  

16S rR N A  genes o f  acetic  ac id  bacte ria  as the p a rtia l based sequences in  p o s itio ns  1220 th rough  

1375, am oun t 156 bases o f  16S rR N A  genes o f  th ir ty -s ix  s tra ins o f  ace tic  a c id  bacte ria  c lass ified  

in  the genera A c e to b a c te r , G lu co n o b a c te r , A c id o m o n a s  and G lu co n a ce to b a c te r  w e re  com pared. 

T h e y  repo rted  tha t the A c e to b a c te r  species w ere  no t v e ry  d istantce p h y lo g e n it ic a lly  fro m  the 

G lu c o n o b a c te r  species. T he  ca lcu la ted  n u m b e r o f  base d iffe rences  was seven be tw een the type 

s tra ins  o f  G lu co n o b a c te r  o x yd a n s  and A c e to b a c te r  a ce ti. In  a d d ition , the G lu co n a ce to b a c te r  w ere
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v e ry  d is ta n t p h y lo g e n e tic a lly  fro m  the A c e to b a c te r  and G lu c o n o b a c te r  species as n u m b e r o f  base 

d iffe re n ce s  was ca lcu la ted  to  be 15-8. T he  A c id o m a n a s  species w e re  loca ted  in  p h y lo g e n e tic a lly  

iso la ted  p o s itio n s  as 16-8 base d iffe rences .

2.4 DNA-DNA hybridization
B a c te ria l D N A -D N A  h o m o lo g y  was done b y  the  h y b r id iz a t io n  o f  the to ta l genom ic  

D N A  o f  one s tra in  to  tha t o f  another. T he  re la tedness o f  s tra ins can be expressed as a percent 

h o m o lo g y . S tra ins re la ted  at the species le ve l sh o u ld  sh o w  h o m o lo g y  o v e r 70%  (W a yn e  e t a l., 

1987), whereas stra ins w ith  inc reas ing  ta x o n o m ic  d ive rgence  show  p ro g re s s iv e ly  less ho m o lo g y . 

These f in d in g  w ere  n o w  a m a jo r fa c to r in  dec is ions  on  the ta x o n o m ic  c la s s if ic a tio n  o f  a ll 

m ic ro o rg a n is m , a llo w in g  species, genus, and h ig h e r ta x o n o m ic  g ro u p in g s  to  be assessed b y  

m eans tha t w ere  no t sub ject to  the p h e n o ty p ic  v a r ia tio n  in h e re n t w ith  c lass ica l m ethods

G osselé e t a l. (1 9 8 3 ), on  the basis o f  n u m e ric a l analyses o f  p h e n o ty p ic  features and 

p ro te in  p ro file s  o f  m ore  than  200  stra ins o f  acetic  ac id  bac te ria , re jec ted  the subspecies concep t in  

c la s s if ic a tio n  and de linea ted  fo u r  species in  the genus A c e to b a c te r . A. a c e ti , A . h an sen ii, A. 

l iq u efa c ien s  and A. p a steu r ia n u s . These co n c lu s ive  resu lts  appeared in  B e rg ey 's  M an u a l o f  

S y s te m a tic  B a c te r io lo g y  (D e  la y  e t  a l., 1984). H o w e v e r, Y am ada  (1 9 8 4 ) re v iv e d  A. xylin u s  as an 

independen t species on  the basis o f  its  u b iq u in o n e  type . S ubsequently , m a n y  n e w  species w ere 

p roposed  in  A c e to b a c te r . "A c e to b a c te r  p o ly o x o g e n e s" , A c e to b a c te r  m e th a n o licu s , A c e to b a c te r  

d ia zo tro p h ic u s , A c e to b a c te r  e u ro p a eu s, A c e to b a c te r  p o m o ru m  and A c e to b a c te r  o b o e d ien s  and 

A c e to b a c te r  in term ed iu s. T he  estab lism en t o f  the genus G lu c o n a c e to b a c te r  (Y am ada  e t  a l., 1997) 

and the re v iv a l o f  the genüs A cid o m o n a s  (U ra k a m i e t a i ,  1989) toge the r w ith  the trans fe r o f  A. 

o b o e d ie n s  and A. in term ed iu s  to  the genus G lu c o n a c e to b a c te r  (Y am ada , 2 0 00 ) decreased the 

n u m b e r o f  A c e to b a c te r  species in  2000  to  three: A. a c e ti, A. p a s teu r ia n u s  and A. p o m o ru m . O n 

the basis o f  a p o lyp ha s ic  ta x o n o m ic  s tu d y  in c lu d in g  D N A -D N A  h y b rid iz a tio n s , de te rm in a tio n  o f  

u b iq u in o n e  co m p o s itio n  and 16S rR N A  gene ana lys is  us ing  stra ins fre s h ly  iso la ted  fro m  

Indones ian  sources toge ther w ith  stra ins fro m  cu ltu re  c o lle c tio n s , L is d iy a n ti e t  a l. estab lished fiv e  

n e w  species (A. in don esien sis , A . tro p ic a lis , A. o r ien ta lis , A. s y z y g ii  and A. c ib in o n g en sis), three 

ne w  co m b in a tio n s  (A. es tu n en sis , A. o r lea n en sis  and A. lo v a n ien s is) , and re v iv e d  A. p e ro x y d a n s  

as a separate species in  the genus (L is d iy a n t i e t a l., 2 0 0 0 ;L is d iy a n ti e t al., 2002 ). C leenw erck  et 

al. 2002  re -exam ined  the c la s s if ic a tio n  o f  v a rious  A c e to b a c te r  s tra ins, c o n firm e d  the e n tity  o f  the
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ne w  co m b in a tio n s  and new  species p roposed b y  L is d iy a n ti e t a l. 2000 , and a d d it io n a lly  proposed 

tw o  n ew  species, nam e ly  A. m aloru m  and A. c e re v is ia e .

In  1989, M ason  and C laus repo rted  the p h e n o ty p ic  ch a rac te ris tics  co rre la ted  w ith  D N A  

sequence s im ila r ity  o f  three species o f  G lu c o n o b a c te r  such as G. o x yd a n s  (H ennebe rg  1897) De 

L e y  1961, G .fr a te u r i i  sp. n o v ., and G. a s a ii  sp. nov . T h ir ty - f iv e  stra ins w ere  cha rac te ris tics  o f  the 

p h e n o ty p ic  features. The resu lts  presented fo r  d if fe re n t ly  be tw een three species as h o m o lo g y  

g ro u p  I s tra ins g re w  to  o p tic a l dens ity  (O D ) o f  o n ly  0.5 บ  o r less on  m e d iu m  c o n ta in in g  r ib ito l  o r  

a ra b ito l as the p r im a ry  carbon  source, and they  g re w  to  an O D  o n ly  0.5 บ  o r  less a fte r three 

passages (24  h o f  in cu b a tio n  each) in  n ic o tin a te -d e fic ie n t m ed ia  and th e y  id e n tif ie d  the stra ins in  

the h o m o lo g y  G ro u p  1 as G. o x yd a n s  (H ennebe rg  1897) D e L e y  1961. H o m o lo g y  g roup  I I  stra ins 

g re w  to  an O D  o f  m ore  than 1.0 บ  on m e d iu m  c o n ta in in g  r ib ito l  o r  a ra b ito l as the p r im a ry  carbon 

source, and they g re w  to  an O D  o f  m ore  than  1.0 บ  a fte r three passages (24  h  o f  in c u b a tio n  each) 

in  n ic o tin a te -d e fic ie n t m ed ia , they  id e n tif ie d  the b a c te r ia l stra ins as G .f r a te u r i i  sp .nov.,. The fin a l 

g ro u p  o r g roup  I I I  was p roposed as G. a sa ii  sp. nov.,. The  stra ins in  th is  g roup  can be g ro w n  to  an 

O D  o f  0.5 บ  o r less on m e d iu m  c o n ta in in g  r ib ito l  o r  a ra b ito l as the p r im a ry  ca rbon  source, bu t 

th e y  g re w  to  an O D  o f  1.0 บ  o r m ore  a fte r three passages (24  h  o f  in c u b a tio n  each) in  n ico tin a te - 

d e fic ie n t m edia .

In  1999, Tanaka  e t  al. repo rted  to  re c la s s if ic a tio n  o f  the s tra ins  w ith  lo w  G + C  contents 

o f  D N A  b e lo n g in g  to the genus G lu c o n o b a c te r  A s a i 1935. B y  T hree  species such as 

G lu c o n o b a c te r  cerin u s, G. a s a ii  and G. f r a te u r i i  w ere  repo rted  to  sh o w  lo w e r G + C  contents than 

the G. ox yd an s. iso la te  145 also show ed a s im ila r  G + C  con ten t to  those o f  the th ree species. T hey  

t r y  to  re c la s s ify  the three species and th e y  conc lude  that G. a sa ii  was co n sp e s ific  and synonym ous 

w ith  G. cerin u s.

In  2002  K a tsu ra  e t a l. p roposed  G lu c o n o b a c te r  a s a ii  M a so n  and C laus 1989 was a 

ju n io r  su b je c tive  syn o n ym  o f  G lu co n o b a c te r  cer in u s  Y am ada and A k ita  1984. T h is  s tudy 

in c lu d e d  G lu c o n o b a c te r  cer in u s  and G lu co n o b a c te r  a sa ii  w ere  exa m in e d  fo r  D N A  base 

c o m p o s itio n , D N A -D N A  s im ih r i t y  16S rR N A  gene sequences and p h e n o ty p ic  characte ris tics  

thus as ac id  p ro d u c tio n  fro m  e thano l, g ro w th  on L -A ra b ito l and m e s o -R ib ito l and requ irem en t fo r  

n ic o tin ic  ac id . T he  resu lts  show ed f iv e  stra ins was D N A  base c o m p o s itio n  ra n g in g  fro m  54 to  56 

m o l%  G + C  contents. T hey  fo u n d  the G lu co n o b a c te r  cer in u s  IF O  3267Tand I A M  1832 and G. 

a s a ii  IF O  3276Tand IF O  3275 show ed h ig h  leve ls  o f  D N A -D N A  s im ila r ity  (7 0 -1 0 0 % ) betw een
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each o the r and lo w  va lues o f  D N A - D N A  s im ila r ity  (1 6 -3 5 % ) to  G. f r a te u r i i  IF O  3264Tand G. 

o x yd a n s  IF O  14819T. G lu c o n o b a c te r  ce r in u s  IF O  3267Tand G. a s a ii  IF O  3 276T w ere  located at an 

id e n tic a l p o s it io n  in  a p h y lo g e n e tic  tree  deduced fro m  16S r D N A  sequences. T w o  G. cerin u s  

stra ins  and tw o  G. a s a ii  d id  n o t re q u ire d  n ic o tin ic  a c id  fo r  g ro w th  and d id  n o t g ro w  on L -a ra b ito l 

o r m e so - r ib ito l.  F o r G. cer in u s  IA M  1832 d id  n o t p ro duced  a c id  and re q u ire d  n ic o tin ic  ac id  o r 

o the r g ro w th  fac to rs . B e tw een  G. a s a ii  IF O  3265 and G. f r a te u r i i  IF O  3264Tshow ed  h ig h  va lues 

D N A - D N A  s im ila r ity  to  9 7 %  and lo w  s im ila r ity  va lues (each 3 2 % ) to  G. ce r in u s  IF O  3267Tand 

G. a s a ii  IF O  3276T. T h is  s tra in  d id  n o t re q u ire  n ic o tin ic  a c id  and g re w  w e ll on  L -a ra b ito l and 

m e so - r ib ito l.  F ro m  described  above th e y  p roposed  re c la s s if ie d  G. a s a ii  IF O  3265 as G. fra te u r ii .  

In  a d d itio n , the resu lts  conce rn  to  a syn o n ym o u s  re la tio n  sh ip  be tw een  G. cer in u s  has p r io r ity  

o ve r G. a saii.

3. Alcohol dehydrogenase (ADH)
A c e to b a c te r  stra ins was fre q u e n tly  used fo r  the in d u s tr ia l v in e g a r (S aek i e t  a l., 1997). 

F u rth e rm o re , A c e to b a c te r  sp. was a s tra in  w h ic h  catalyses the b io lo g ic a l o x id a tio n  o f  e thano l in  

ace tic  ac id  b y  the assoc ia tion  o f  tw o  enzym es (p r im a ry  dehydrogenases) m em brane  bound: a 

q u in o p ro te in  a lco h o l dehydrogenase (A D H )  and an a ldehyde  dehydrogenase (A L D H )  (M a tsush ita  

e t a l . ,  1994).

C2H5OH —^ - a  CHjCHO + H20 -------> CH3CH(OH)2 a l d h  > CHjCOOH + H20
(hyd ra te  ace ta ldehyde)
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These tw o  enzym es fo rm  the e n zym a tic  co m p le x  respons ib le  fo r  ace tic  fe rm en ta tion  

fro m  the genus A c e to b a c te r  (M a ts u s h ita  e t a l., 1994). T he re  w ere  also o the r p r im a ry  

dehydrogenases such as N A D -d e p e n d e n t. A D H  loca ted  in  the cy to p la sm  o f  the ce lls .

Ethanol Acetaldehyde Acetate

P e rip la s m

M c y to p lfts m ic  m  
m M e m b ra n e  1 1 9 a  ADH ^ I I I  a l d h ^

C y to p la s m

r' ( n a d *-a d h ')  (n a d ' a d l h )  1

Ethanoi

NAD* NADH

Acetaldehydeo
NAD* NADH

■>- Acetate

Acetyl-CoA

Fig. 2.2 Alcohol-oxidizing systems in acetic acid bacteria (M a ts u s h ita  e t  a l ,  1994)
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