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ABSTRACT
Acetic acid bacteria plays a role in vinegar industry because of its ability to oxidize
ethanol to acetic acid by two membrane bound enzymes; alcohol dehydrogenase (ADH) and
aldehyde dehydrogenase (ALDH). Moreover, it also involve in biopolymer production such as
cellulose. Studies on physiological and genetic characteristics of 129 isolates from various fruits

in Thailand and 15 IFQ strains from Japan showed that 51 isolates and 8 strains from Thailand

and Japan, respectively can grow at 40°C. Two isolates designated as KU108 and KU112
isolated from pineapple and grape were selected due to their abilities to produce acetic acid at
high temperature and their high toleration to acetic acid (3%) and ethanol (8%). According to
classification based on biochemical characteristics these two isolates are identified as
Acelobacter pasteurianus.

Analysis of genetic diversity showed that most of the new isolates and IFO strains
harbor many smali plasmids inside the cells ranging from 1 to >10 plasmids. Studies on
distribution of insertion sequence, 1S71380, inserted into alcohol aehydrogenase gene indicated
that 1S1380 was found on chromosome and large plasmid but not on small plasmid. Strong
hybridization signals were detected in 17 Thai isolates (13% of total isclates) and 6 {FO strains
(40% of total strains). This strong hybridization signals implicated that these bacteria harbor
IS1380 or DNA containing multicopies of IS7380 homoelogs resulted in an inactivation of adh
gene. So these isolates could not grow in a medium containing 8% ethanol at 37°C and in a
medium containing 3% acetic acid both at 30 and 37°C.

In order to study a role of plasmid in A. pasteurianus KU108, plasmid curing was done
by sodium dodecyl sulfate (SDS) and acridine orange treatments in potato medium. Three

curants possess no plasmid were obtained and all of them showed similar growth

{ characteristics to the parent strain such as overoxidation, growth at 40°C. rowth in a medium
p g

*

; containing 8%ethanol at 37°¢C, growth in a medium containing 3% acetic acid at 30°C, electron

lmicroscopic appearance and acetic acid production at 30, 37 and 40°C.

i Enzyme activities of ADH and ALDH prepared from membrane fraction of a culture
[grown in static culture was higher than the one obtained from shaking culture. Moreover, heme
:Staining of subunit |l or cytochrome ¢ subunit of ADH also showed that with the same amount
:Of protein, a heme staining band of ADH from static culture was darker that the one from
;.,Shaking culture. Enzyme activities of ADH and ALDH from cuiture grown in a medium

containing ethanol was also higher than that from a culture grown in a medium with no ethanol

01 containing acetic acid. However, a heme staining band of ADH from membrane fraction of

i
both cultures showed a same intensity. One reason for this phenomenon may be due to an



inactivation of ADH protein from active to inactive form in the cultures grown in an ethanol free
medium or in medium containing acetic acid (low pH). Comparison of enzyme activities from 10
thermotolerant isolates from Thailand indicated that the highest activities of both ADH and

ALDH were obtained from A, pasteurianus KU108, Studies on stability of these enzymes at 30,

40, 50, 60 and 70°C for 10 minutes showed that at 70°C, 3-4% residual activity of ADH was
obtained only in membrane fraction of A. pasfeurianus KU108. At the same condition, 3-4%
residual activity of ALDH were obtained from membrane fractions of KU108, KU111, KU112
and saeki.

Random amplified polymorphic DNA polymerase chain reaction (RAPD-PCR) was used
to investigate the genetic variations between thermotolerant and thermosensitive strains. Among
51 random primers only one primer known as ADO1 (5-CAAAGGGCGG-3') could random
amplify two specific DNA bands of 1.0 and 1.3 kb only with DNA isolated from thermotolerant
strains. These two DNA bands may be a DNA marker of thermotolerance. Subcloning of these

two DNA fragments into pGEM®—T Easy and nucleotide sequéncfng is in progress.
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'Fim : Matsushita et al., Adv. Microb. Physiol. 36 : 247-301.
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Jwﬁwﬂm“lw? wiaimaglad lasgmaiaigluemnsinal potato extract naavnmsyufigunni

30°C ithwan 3 u larldiinisven



3. msAnsnaeiuigengd 40°C lasgnsiatyluamiamar potato extract (0.5%
glucose, 1.0% yeast extract, 1.0% polypeptone and 15% potato extract) ﬁé’da’mmiﬂuﬁ
goungll 40°C Hum 3 u TwaIaaruifianusasay 220 sau/wi

4. msdnwmnuaeauTwS usuraInTaingy 39 ﬁqmmgﬁ 30°C uss 37°C
Tmugm‘nﬁzyuumms seed culture (0.5% glucose, 0.5% yeast extract, 0.5% polypeptone,
0.5% glycerol and 1.5% agar) Alansmirdnaslyliianmdutuwiusn 3% winmsuf
gounnil 30°C uaz 37°C illuna 3 7w

5. MIFNEININUEanITUT LT RIS LA U D NENTIUER 8 % ﬁqm‘ﬁ{}ﬁ 30°C war 37°C
TasgmItsiuuanms seed cuiture filatansuasashliiinnuduiuGadu 8% ndianns
v younndd 30°C unz 37°C w3 3
2.2 n’l‘ﬁl,ﬂ'i’]:‘lr{ﬂ’n&mﬂ'\ﬂﬂEﬂBﬂ"idﬁ%ﬁqﬂ‘i‘iuﬂﬂdlﬁyaﬂ‘iﬂ%i’ﬂgN

mrmuqmm'm"l,maﬁusmaﬁu‘gmmmau%ammﬁwé‘u(Ohmori et ai., 1982; Okumura
et al., 1985) MINUAMUNRINWAIVBINEIala(Fukaya et al, 1985; Mariette et al., 1991)
PmimInuiiiauadaaioufila(mobile DNA) fiFuniy insertion sequence 17w 157031 lu
o A xylinum %aLf}umLmﬂﬁléagcyﬁ?um’xufmmmlummi’nma@Iaa(Coucheron, 1991)
war 151380 lwiiin A, pasteurianus s‘fﬁaLﬁummqlﬁL"gagqL§Ummmmmlummanﬁﬂwﬁ

& (]

tansuaaliduniathdn(Takemura et al., 1991) Q‘ﬁmmﬂmm’lwa'\nwmﬂmaawmﬂu@lu

& | v B A A= . ) . . El o
Wwaniaaufinenidluiszimalng wiaftiSunin plasmid pofile analysis aawnso biiiu
o a s a ' e A [P '
dneaemewugnsslunsmiiuesiutan g waniudupulunsinsianuiuiuiseni
5nwm:n1aa?'s"mmua:m‘xﬁmgn‘smﬁﬁaglwnaé' nuﬁamsﬁnmunmwmaawmaﬁ@ﬁagjmu

Twagad

 MSUENANAALDWLENINNG
9 e s 2: A :- a n: RS a
Antsupnadadawanmunaniiansmiduinonidludszmalng $1mu 129 1
lman wasaeiganasgmvesduu (IFO strains) § 1o 15 aroviug lau3s Akaline
hydrolysis @aTuaanae lU
r v y 4 1 L4 o
@anaaniaiayluaninadonies potato extract medium @enEiueIn 30°C wn 24
£ - S S I N o _a= &g - - 4
Tlug imiuRoadeldaslusasaturuis 1.5 Jadaat Juil 10,000 18101 w1w 5 wifl 1Ws
WWuaznawlead Masnawlaadin resuspend b1t solution | {50 mM Tris-Cl pH 8.0 Uaz 10 mM
bt R [ o = @ = v - .
EDTA pH 8.0) maulw suspension thuilai?uriu 1dn 40 lulasias wes lysozyme solution

(10 dadniu/Neddas vosnslalylodin solution 1) i liidhiud dun 37°C win 30 wdfl

430 200 Tulasdas 283 solution Il (0.2N NaOH uas 12 SDS) 1wenun gbtidhiu udauglu



wiwin 5 wif 1y 150 lulasdng va9 solution 1l (5.0M potassium acetate 60 NaAass
glacial acetic acid 11.5 Ha3ANT Uas distiled water 28.5 Haddn3) wirbiidrin udurhuiy
Wiawin 5 Wit Yuft 10,000 seu/uf win 10 wift tlansniasiaasd arslwdusaaliduas
a:nauﬁaﬂmﬁauaanmnm‘sa:mu ﬂrmavn:mm:mulaamuu'lfmaaﬂ'lmi AN 450
Tulnsdas vaamIazaunay phenol © chioroform (1:1) e biidiu udwrlwiuinny s
w7 47 10,000 3804 F Wi 10 Wi tHawunesnaudstuilenasnanarazae RIGARE
ariscmoladiuuulanaoalnl (fansazawdmunianyargued aasidin 10% CTAB in
0.7M Nacl astd 1 Tw 10 2asdFurasion werliidnnu a:uf'{ 65°C w1 10 WA 1A
ANA@AY phenol : chloroform 1) L3y absolute ethanol asll! 2 wihwesiinassiy wanlii
i w37 -80°C Yizanm 30 wift Uuit 12,000 500/u% wiw 20-30 wift (Fuaznauans
N3@iInE5A §19870 70% ethanol Tuanaznawdy taaulinznasuwowalssino azaioaznau
u 100 luln3das vas TE buffer+RNase (20 lulasntu/fiaddas) vuf 37°C wn 60 wifl
Wil 20% palyetylene glycol 6000 in 2.5 M Nacl avly 60 lulasias vumlidhnu wririuds
Wiu 60 Wi Jufi 12,000 sAU/UT W 20-30 Wi iiuasnauitowe UsaulWasnauuwe
wodszunms udazanly 100 lulasfasves 0.3 M sodium acetate pH 5.2 1§y absolute
ethano! Aiutiiininasll 400 lulnides wanliitiiu wildf -80°C Ussume 30 wait il
12,000 TaU/A% WU 20-30 Wi IALUAZNGUALEWE 819810 70% ethanol Hnanaznawsi
Yaanlieznauuwawatszuio udiszanolin 20 lulaséasve: TE buffer tRuaIazanofeutaly

i -20%C

msdiareidienialavarmlsanadiaalasivista

wwInnesmlsalaalu 1x TAE buffer {Tris-acetate bulfer)lilnuitudu 0.9 % waw
fMag1ifiauiany gel loading buffer (bromophenol blue 0.25% and glycerol 30%) NUDARI LW
wauvasasozmlzamaiouly ifiniisandluaiasdaalasliisfani 1x TAE buffer agwaly
Yiues wondeuasonszualiusaaion 50 via 100 1as {uwnaidszuim 60 wie 30
Wi vaaldfandluansazann ethidium bromide Uszinm 5-10 wif swdimiazee 4939

molduae uv

2.3 NIANEINTTNIENELV DY Insertion Sequence, IST1380 19835 southern hybridization
MSIASRNALDBLDAAAIN (DNA probe)

Fudowariunliiiniiowedeay Huiudowarwratssurm 1.3 flaws Haudd
Tl Mobile DNA w38 thsertion Sequence 13807 157380 Guiiln insertion sequence sialmif

: 4 Ve oA - , _ .
wihwgensmihdufiilu thermophilic strain {Acetobacter pasteurianus NCI11380) uaziilu



insertion sequence ﬁtmiﬂk’ﬁ’l‘lﬂagmma"uﬂu adh (alcohol dehydrogenase) ludiuval
cytochrome ¢ subunil (ns«jwfm adh wad A. pasteurianus U3snaueiy 2 subunits Ao
dehydrogenase NU cylochrome ¢ subunits) ﬁ’ﬂﬁ\,ija'.gUJL%atﬁﬂmu‘]ﬁ):ﬁﬂﬁLﬁG} spontaneous
mutation MUKlE mutant Alvaunsesandlafiansiwasbiiiunsairduled lay 157380 3=
wnsndi llassvsuafifisauioniloIndiilu Tcea arsdaudaitimizianzag

@

el alcohol dehydrogenase WAt aldehyde dehydrogenase (Duiaulodfdduin

-

& Y oe L € a o o . . = 2 [ P 4 = o p o
vangonsaidy duauluidladaniisgn inactivated azlinaliivatgyidvauiandanyly

FIHS9A2TATIIMINIINTEINDTOY 1S 1380 %oLfJumLm“ﬁwlﬁLauvl‘nﬂgn inactivated lwanse
: ﬂ.:hﬁam’auﬁa:ﬁmiﬁﬂﬂlﬂm:ﬁuqma’mnsw
mmunu'%qﬂﬁu&amaﬁﬁ 1Is1380 ¥ldlasnisaawaiaiia pUCIS1380 (wadadia
L LUCTO ANTuEIBwE 191380 vwialszanos 1.3 flatuaunsnegasy Smal site 483 polycioning
site) moenloi@asm: EcoRl uaz Hindll danaaslunmil 2 Lwnu%fg“n'ﬁ"guﬁl,ama'uma
Uszwaos 1.3 Alawa sanviniaasznilsalasldnizeany DES1 ﬁw%urﬁmmaﬁuunu‘ﬁ&mﬂcﬁmﬁ@
A8 NGy HRP (harseradish peroxidase) 1at3% ECL direct system 183 Amersham ﬁdfrl,
Didemsazarwdiewa 10 lulatdas (Yszunm 500 wiluniu) lalunssaduruiaidn
sumsazandianeluingan win 5 wf wdwmiuderud 2915 5 waf Tuuuy briefy spin
2-3 Junft \Guansazant DNA Labelling solution a3l 10 Tulasdas wanbiitniu udatluuy
briefly spin 2-3 3w 1dumsazatn glutaraldenyde ot 10 lulasdns wanliidniun iy
LU briefly spin 2-3 3uaf Uuf 37°C urw 10 wiit udnhun i wiearaiu T hwhudsls

Uszunme 10-15 w1

MnA 2 wnuileulminasiimne (restriction map) V83 insertion sequence, 151380, ALYITNITN
‘lﬂl 4 = ) 4 vt 5 'l &

W cytochrome ¢ @aitlu subunit WiIadawiTy  alcohol dehydrogenase Ll A
pasteurianus NCI1380 1@t hatch box uaasdudiautanldillu ONA prebe Was ANAT Laa
Sequencing strategy

17 - Takemura et al.. J. Bacteriol. 173 : 7070-7076.



n'l‘a'ﬁ’l Southern hybridizatlon

o - & & Y LI
NINI7I transfer ALAVIBYINWNUAUDILTENIAUITN %']nl.i]ﬂﬂ:ﬂ'ﬂf'ﬂﬁl'liéuilu nylon

membrane 1035 Southern transfer satunausa il

wpukuasazmlsaluansazain 0.25 N HCl win 15 wift wialalatladdewefiizuwe
Ingl inasazaiy 0.25 N HCI A9 Saeadhings Mudwiesszmlsanudlu denaturing
solution W 15 Wafh Lﬁaﬁﬂﬁﬁtamammjﬂmumﬁumﬂummﬁm In denaturing solution 79
$amadamiingu hudwaaszmlssuuglu neutralyzing solution W% 15 wift udkhana
uummaaﬁdwﬂ'i"\a;‘i'luénﬁﬁmmzmﬂ 10xSSC(0.15M Na-citrate and 1.5M NaCl pH 7.0)
a3 transfer ﬁmmat'fﬁijudu nylon membrane N #1UHW nylon membrane Atunms
Southern transfer 11 fix @UUAY UV tﬁa'lﬁﬁmmaglnﬂ?mg'luudu nylon membrane WIUHW
nylon membrane mlﬁluqawmaﬁn (hybridization bag) prehybridize titiw nylon membrane Tu
hybridizing solution(EC! hybridization buffer containing 0.5M NaCl and 5.0% blocking agent) i
42°C agharton 1 Talue in hybridizing solution el 16 hybridizing solution HT DNA probe
nauagaﬂﬂ Y1 hybridization A 42°C nitsfiu daudu nylon membrane #21 primary washing

[ ; o A - v '
buffer(0.1xSSC, 0.4% SDS and 6.0M urea) ¥8INIIYRT 10" WM NUNANY 55°C aduHu
nylon membrane f1928 secondary washing buffer{2xSSC) 01N 98z 5 wfl ﬁqmﬂqﬂﬁad
vaauliuhansadygmianilad (hybridization signal) lapldarsazauuanizning detection

reagent 1 WA 2 TIARILUWHB nylon membrane Tarudrowara@nla nsuriuidn X-ray mu
a , a4 a
8311/ ¥ autoradiograph wiafn

(3) uafilasu
LYW p:l" L 7 8o c} a LY ¥ 3 r‘;’ b
3.1 @A aIawNWATIINUINA1A YR BanIARIFY
om A [ - & Y v s o
autaiiasgunaiiinmrandaniaiduiuenlalulszinalng druau 120 lalaan
¢ o

a ¢ oy e .~ N A E Xa a -
lLa:m!qu'n;'uE}MQQuT}u’m 15 ﬁ'\ﬂwuq ﬂﬂqﬂqiﬂnﬂ'\f‘.uﬂfduﬂﬂ 1) ﬂﬂﬂm:’ﬂﬂﬂ‘[ﬂIaull'ﬂ:ﬂ'ﬁ

19 acetate oxidation 2) ANWMTMIAINULL static growth (WaMITna7 3) Anuawninly

- . o P g X dw oa Y - & g A
1ated 40°c Tuemndpaailifiianswasuszniahidy 4) msnigluemindoaian
o Y v v - o P - - Py X A

mamh&uanudutwdudy 3% fgunnd 30 wez 37°C 5) nawigluemandsaniaid

aNsUganTINTIINAL 8% Nanwnll 30 wsr 37°C dmunmealiluasen 1 Using

Py a - P [ - o A o - g
Wigemuiufinefiauninaiglddngumgi 40°c $am 51 Telman Mludwouiiam

Vo P S e = “ o Ae A e A
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-y - | o “ v PR & . v v . a
nmumiﬂmaanua:muunﬂ’luwuﬁum T.ﬂum'nannumqmvu:]ugaua:mmwwmmmwﬂaa
piadadn 3% ledmauniau 11 lalman fe KU92, KU102, KU105, KU108, KU110,
1 J et d.l . -
Kutie, KU113, KU114, KU115, KU116 ua: KU117 mm'namuwurfmaaryQumwuamu

Wufidinafie IFO12467 ﬁmmmnuﬁt\uqnmqﬁigaua:mmtﬁn-ﬁ'uﬁ'uﬁumaqnimfﬂé’u 3% ¢ Tu
ﬁm:ﬁ:t%aﬁvl;_jtﬁmﬁ 40°c wawlalman swnsaiglusmndoaferinaidumnudy
Tududn 39% 1o ﬁmmm"‘:‘ry'lua'm'méruaL%aﬁﬁmnmuaammtﬁuﬂ’uﬁuﬁu 8% Wu WU
fmlng fanzamoiusiuenldlulzmalnoviniufieig dluannisdingn

Inmneldanid alavandie sl an1aas sInedand 1T eduIasHan AN
mmm’lumma@\nmﬁqmﬂgﬁdnc] Clilduaninalumoiud) smﬁu’mami’:ﬁ'uimﬁ'uneiu
184 Professor Osao Adachi Wuinansaihdy A. lovaniensis KU108 waz KU112 \uaowug
ﬁhuqquﬁqnm:wﬁmnm‘lﬁaﬁqﬂ (Saeki et al., 1996:submitted) FasmBaniFafiunleluns
gnuaa b ﬂamzan‘Jut%aﬁﬁ1Jizﬁﬂ%mwlumsﬂﬂ'lﬂ'l'ﬁ'lm:ﬁuqmammmgm’m

3.2 mwwmnﬂmumaﬁuqnﬁwam?fanw%é’u

IINMTHATIEW plasmid profile wastanmirduiuonldlutlizinelng wm 120 1o
laian tﬂ%‘umﬁuuﬁ’umuﬁug‘mmgmmaa:ﬁ:Qu w15 BwRUS dningindadmlngna
muﬁuﬁ:waa"lﬂuua:rﬁiju fiwaalaagidludwanun Sigmnpiuwmadinfifowadn @
waaalunnd 3 namanaanafildaoandasnuraninaaaivas Fukaya unsnoiz(Fukaya et al.,
1985) “fm?‘mmmim:muu,a:auﬂ'&maawmaﬁm’lm%anmﬁ'\i:ufnnﬁuﬁ‘uaarﬁﬂuua:am?m
Waz WU L"ganimf’l5uﬁ1u’lmja:ﬂwmaﬁmmnm"1 1 pila u.a:wmaﬁmmei"nﬁmmﬂummqﬁ
ﬁﬂﬁlﬁ@mmﬁuuﬂimuw"qumlm%ans;lmff wananiinaadiaaananaranliiiu cloning
vector 'lm%an&juﬂé’ﬁn@?m URTAEAANAITUNRNINAADITAY Mariette Uaznme(Marielte et al.,
1991) ﬁﬁm&’] plasmid profile mau%aﬂ'ﬁmi‘lﬁuﬁuunﬁl’m wine, spirit WA cider acetator

ugota l3ha ;3"’3%tTa'h]mmma;ﬂnnmmaawmaﬁ@mmﬂ@ﬂuﬂtu@am{ Gaalny

1 plasmid curing wazi curant Aldudiasievaaly



Table 1. Lists of acetic acid bacteria isolated in Thailand and their characteristics compared to IFO strains.
Code Sources  Isolated Colony/  Static Growth  Growth in 3% Growth in 8%
conditions Overox  growth at40 c  acetic acid ethanol/Halos
°Cdays Ace/Tth °'c 37°c 3°c  37°C
72 hr 72 hr T2 hr 72 hr 24 hr 24 hr
KU1 banana 37.3d 2%/0%  Sm/+ S - + + 2 -
KU2 banana 37,7d 2%/0%  Ro/- C ++ - - +/- +/-
KU3 banana  30,7d 2%/0%  Smy/- S - + + - ofs
KU4 banana 37.3d 2%/0%  Ro/- WC ++ - - +/+ A
KUS banana 30,5d 2%/0%  Rof- WwC ++ - - +i+ A
KU6 banana  30,7d 2%/0%  Ro/- wC + - - ++ -
Ku7 banana  37,7d 2%/0%  Smv/- S - + + +H++ -
KU8 banana 37,54 2%/0%  Sm/- S + ++ b 1+ 4+
KU¢ banana  30,5d 2%/0%  Sm/- 8 - + ++ i -/
KUI10 banana  37,3d 4%/0%  Ro/- wC + - - -/ -
KUI1 banana  37,3d 0%/6%  Ro/- WC - - - +++ -I-
Kut2 banana  37,7d 0%/6%  Ro/- wcC + - - +++ /-
KU13 banana  37,3d 0%/6%  Sm/+ ws - - - +++ -
KUl4 banana 37,3d 0%/0%  Re/+ WS ++ + + ++/H+ /-
KU15 guava 30,3d 2%/0%  Sm/+ S - ++ ++ i+ /-
KU16 guava 30,5d 2%/0%  Sm/+ s - + ++ 4+ -l
KU17 guava 30,3d 2%/0%  Sm/+ S - ++ ++ +/4+ -
KU18 guava 30,7d 2%/0% Sm/+ WS - + + A+ -
KU19 guava 37,5d 2%/0%  Sm/+ WS - C+ + /4 A
K20 guava 37.7d 2%/0%  Sm/+ WS - + + i+ -
K21 guava 30,5d 4%/0%  Sin/H+ WS - + + 4+ +H+
KU22 guava 30,5d 4%/0%  Sm/+ WS - + + 4 -f-
Ku23 guava 30,7d 4%/0%  Ro/+ WC + + + +/+ +H+
Kuz24 guava 30,7d 4%/0%  Ro/+ wWC - - - H/+ -/-
KU25 guava 30,3d 0%/4%  Sm/+ 5 - ++ ++ - /-
guava 30,7d 0%/4%  Ro/+ WC ++ - - -f- -
guava 30,5d 0%/4% S/ S - - - HH++ +H+
guava 30,5d 0%/4% Sm/- 8 - - - +HH A+ ++
puava 30,7d 0%/4%  Sm/- ] - - - /- -f-
guava 37,7d /4% Ro/- WS + + + +H+ of-
guava 37,7d 0%/4%  Sm/+ WwC - - - -/ -l-
guava 37,3d 0%/6%  Sm/+ WC ++ - - - -
guava 37,3d 0%/6%  Sm/- S + + + A+ -+t
guava 37.5d 0%/M0%  Ro/+ wC ++ - - +i4+ ++
rambeh  37,3d 29%0%  Rof+ % WS ++ - - - -
rambeh 30,5d 2%0% Sm/- C + + + 4+ /-
rambeh  37,3d 4%/0%  Sm/- C + + + -+ -/
rambeh  30,3d 4%/0%  Sm/i+ WS ++ + + ++ +-
rambeh  37,7d 0%/4%  Sm/+ WS ++ - - -/ /-
rambeh 37.3d 0%/4% Smy/- S + + + - -/-
rambeh 37,d 0%/4%  Sm/+ WC - - - ++ +/-
pineapp  30,5d 2%/0%  Sm/+ WS - + + A ++
pingapp  30,7d 2%/0% Sm/- S - + ++ A +H+
pincapp  37.,5d 2%/0%  Rof+ S + - - -f- -
pineapp  30,3d 4%/0%  Sm/- S - ++ ++ ++ A+
pineapp  30,3d 4%/0%  Sm/- S - ++ + /- -
pineapp  30,3d 4%/0%  Rol- WwC - - - - ++
pincapp  37,5d 4%/0%  Rol+ WS ++ - - +i+ -I-
pineapp  30,7d 4%/0%  Ro/- wcC ++ - - ++ +/-
pineapp  37,5d 0%/4%  Sm/+ WS + - - /4 4+
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Table 1. (continued)

Code Sources  Isolated Colony/  Static Growth  Growth in 3% Growth in 8%
conditions Overox  growth at40°c  acetic acid ethanol/Halos
“Cdays  Ace/Eth ¢ 37°c °c 37°C
72hr T2hr 72hr T2hr 24hr 24hr
KU5t pineapp  37,3d 0%/4%  Ro/+ wC ++ - - S ramd H/+H
KU52 pineapp  30,5d 0%/4%  Sm/+ S + + + +++ A+
KU53 pineapp 37, 7d 0%/4%  Rol+ wC ++ - - ++H+ 4+
KUS4  pineapp 30,5  0%/M4%  Sw/- ws + ; . T
KUS55 pineapp  37,7d 0%/6%  Sm/+ wC ++ - R I+ -+
KUs6 pincapp  37.5d 0%/0%  Sm/+ WC ++ - - A+ +i++
KU57 pineapp  37,5d 0%/0%  Sm/- WS - - - i+ ++
KU58 orange 37,3d 0%/0%  Sm/+ S - ++ ++ ++H+H+ ++
KU59 orange 37,5d 0%/0% Sm/+ WS - ++ ++ e A
KU60 rambeh  37,3d 2%/0%  Sm/+ S - ++ + -f- +i-
KU61 banana  30,3d 0%/4%  Sm/A+ S - + ++ - e
KU®62 banana  3o,3d 0%/4%  Smf+ S - - - -I- -l-
Kue3 banana  30,3d 0%/4%  Sm/+ S - + ++ 4+ -/
KUG4 banana 30,7d 0%/4%  Sm/+ wSs - - - /- -
FKU65 banana 30,7d 0%/4% Sm/+ Wws§ - - - - -f-
K66 banana 37,3d 0%/4% Sm/+ S - - - /- -f-
cherry 30,3d 0%/4%  Sm/+ WS - - +i+ -
cherry 37.3d 0%/4%  Sm/+ S ++ - - - -
cherry 37,3d 0%/4%  Sm/+ Wws ++ - - - -
guava 30,3d 0%/4% Ro/- wWC + + - + ++/- FEYN
guava 30,3d 0%/4%  Smy- S - ++ ++ -I- A
guava 30,7d 0%/4%  Rof+ WS ++ - - +i++ +i+
guava 30,7d 0%/4% Sm/- S - ++ ++ - A
guava 37,71d 0%/4%  Sm/- s - - - -f- -/-
lychee 30,3d 0%/4%  Sm/- S + + ++ /- /-
Iychee 37,3d 0%/4%  Sm/- S - - - -/- -/-
mangost  30,7d 0%/4%  Smy/- S + ++ + -/- -
mangost  30,9d 0%%/4% Sm/- S + ++ 4+ of /-
orange 30,3d 0%/M4%  Sm/- S + ++ ++ -/- -/-
orange 30,3d 0%/4%  Sn/- S - ++ ++ 4+ -I-
orange 30,3d Mld%  Rof+ WS ++ - - 4+ ++
orange 37.3d 0%/4%  Sm/+ S - ++ ++ 4+ /-
orange 37.3d 0%/4%  Sm/- C - - - i+ -/-
oringe 37,1d O%ld%  Sml+ W8 ++ - - ++{++ ++
orange 37,74 0%W/4%  Sm/+ v WS ++ - - +i+ ++
pincapp  30,3d 0%/4%  Ro/+ WS + + + /A ++
pineapp  30,3d 0%/4%  Sm/+ W8 ++ + + A ++
pireapp  30,3d %%/4% S+ S + + +/- -f-
pineapp  30,7d 0%/4%  Sm/+ S - + + +- -f-
pineapp  30,7d 0%/M4%  Sm/+ S - + + ++/+ -f-
pineapp  37,7d 0%/4%  Sm/- S - + ++ A -
papaya 30,9d 0%/d%  Sm/- S ++ ++ + ++/++ -/~
roscapp  30.3d 0%/4%  Ro/- WS ++ - - ++Hf++ -
roscapp  30.7d 0%/4%  Sm/- S - - - /4 -/-
roscapp  30.7d % Sm/- 5 - - - 4+ -/-
roscapp  30,7d 0%/M4%  Sm/- S - - - ++H+ -f-
roseapp  30,7d %A% Simi+ S . + + ++H+ -/~
roseapp  307d 0%l% Rof+ WS 4 - - +H/4+ -/-
roseapp  30,7d 0%/4%  Ro/+ WS ++ . - ++l++ -f-
roseapp  37,3d 0%/4%  Ro/+ WS ++ - - ++/++ -f-
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Table 1. (continued)

Code Sources  [solated Colony/  Statie Growth  Growth in 3% Growth in 8%
condotions Overox growth at40’c  acetic acid ethanol/tlalos
‘Cdays Ace/Lth 30°C 37°C 30°C 37°C
72ht 72hr 72hr T2hr 24hr 24hr
Kuiet roseapp  37,7d 0%/4%  Sw/- WS ++ - - +/- -
KU102 A ascendens Sm/- WS ++ ++ ++ 4+ -
KU103 A ascendens Sm/- S + ¥ ++/++ -f-
KU104 : A ascendens St/ S 4+ + + +HEE
KU103 grape A. lovaniensis Smy/- 8 ++ ++ ++ +H/++ -
KUI06  grape A. lovaniensis Sm/- wSs ++ + + +H/+ A
KUW7  pineapp A rancens Si/- S + ++ + +/+ +i+
KU108  pincapp A lovaniensis Sm/- S ++ ++ ++ 4+ e amd
KU10% guava A aceti Sm/- S nd ++ ++ 4+ A
KUI110 A xvlinum Sin/- S ++ ++ ++ +/+ ++/+
KU1l grape A lovaniensis Sm/+ S ++ + + i it
KU1z grape A lovaniensis St/- WC ++ ++ ++ i+ ++f++
KUIL3  grape A rancens Sm/+ Y ++ ++ ++ o/ + +H {4+
Kitld  apple A lovaniensis Smv/+ S ++ ++ ++ 4+ /-
KUlls papaya A. lovaniensis Sm/+ 38 ++ ++ ++ ++H4+ +i+
KUNe6 waterme  30,7d 0%/i4%  Sm/+ S + ++ ++ 4 ++
KU117  waterme 30,94 0%/4% Sm/- S ++ ++ ++ +H/4+ A+
KULL8  santol 30,3d 0%/4%  8Sm/- S + - - ++/++ 4+
KULI®  santol 30,7d 0%/4%  Sm/- S + - - - A
KuUl120 santol 37,1d 0%/4%  Sm/- S + - - 4 +++
KU1zt santol 37,7d 0%/4%  Sm/- S - + + 4/ 4+
KU!122  jongkon  30,3d A% Snu+ 5 - - - e +i+
KUI23  longkon  37.3d Pard%  Smi- WC ++ - - -f- -
KUt24 longkon  37,7d 0%/4% Ro/- W(C ++ R - i e
KUI23 ouava 317.7d 0%/4% Sm/+ N - - - +i+ -/-
KU126 lvchee 37.3d 0%aldh S+ s - - - ++{++ -1-
KUI27  orange 30.3d 0%/4%  Smi/- WS ++ + + +H/++ +it
KU128  longkon  30.3d 0%/4%  Sm/- S + A+ +f-
KUI129 santol 30,3d af4% Sm/- S - - - ++ +/-
IFO strains
Iro3172 G. subonidans Suv- C ++ + + -f- -/
IFO3188 A, acendens Snv/- w(C ++ + + -f- -1-
FO3IN A. rancens Sni/- WC ++ + + i+ -
1¥03222 A. kutzingranum Sn/- . s - + + -/ -/-
03257 G. subovvdans Sm/- S ++ - - -f- -1
IF03272 G.dioxyacetonicus Smy/- S ++ - - +/- /-
IFO3279 A acetigenits Sm/- S ++ - B -i- -1-
IF(3280 A acennus Smv/- WC + + + -f- -
[FO3283 A aceti Sm/+ C + + + -7 -fe
IFO328.4 1 acetr Smy/- W8 ++ + + -i- -
IF03298 A rancens Smv/- s 3 ++ ++ - -f-
IFO3259 A acendens Sin/- S + ot ++ -i- -f-
IFO12467 G. sphacricus Suv- S ++ ++ 4+ - -
FO13773 A xlimon Sm/- C + + + -l -
sacki A xvlinum S+ WO + + + [ +/+

Notes: 1) 8m = Smooth, Ro = Reugh, 8§ = Sedunent
WC = White filin + Colioid
2) growth at 40°C was observed from shaking culture in potato mediuwm

LC=Coltowd, WS = White fihm + Sediment.
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Table 2. Lists of acetic acid bacleria containing insertion sequence, 151380

Code . Sources Isolated Colony/  Static Growth  Growth in 3% Growth in 8%
conditions Overox  growth ) 40°c  acetic acid ethanol/Halos
°Cdays Ace/Eth 30°C 37°C 30°C I7C

72 hr 72 hr 72 hr 72 hr 24 hr 24 hr
KuUlt banana  37,3d 0%/6%  Ro/- WC - - - +++ -f-
KU13 banana 37,3d 0%/6%  Sm/+ WS - : - + 14+ -
KU32 guava 37.3d 0%/6%  Sm/+ WC ++ - - 4, -l
KU33 guava 37.3d 0%/6%  Sm/- S + + + ¥ S ams
KU34 guava 37.5d 0%/0%  Rof+ WC ++ - - +i++ +i+
KU35 rambeh  373d 2%/0%  Ro/+ ws ++ - - - -
KU37 rambeh  37.3d 4%/M0%  Sm/- C + + + /A -f-
KU38  rambeh  30,3d 4%/0%  Sm/+ WS + + + ++ +-
KU40 rambeh  37,3d 0%/4%  Sm/- S + + + - -
KU44 pineapp  37,5d 2%/0%  Ro/H+ S + - - -/- -/~
Ku47 pincapp  30,3d 4%/0%  Ro/- WC - - - +4 ++
KU48 pineapp  37,5d 4%/0%  Rof+ WS ++ - +H+ -
KU49 pineapp  30,7d 4%/0%  Ro/- wC + - - +/+ +f-
KUs1 pineapp 37.3d 0%/4%  RoM wC + - - i+ i
KUs4 pineapp  30,5d 0%/4%  Sm/- WS + - - -+ +++
KUS55 pineapp 37Md 0%%/6%  Sm/+ WC ++ - - i+ +H++
KUs6 pineapp  37,5d 0%/0%  Sm/+ WC ++ - - A+ i+
KUe2 banana 3o,3d 0%/4%  Sm/+ S - - - - -
KUe4 - banana 30,7d 0%/4%  Simf+ WwSs - - - - -
KU66 banana  37,3d 0%/4%  Sm/+ s - -7 - - -
KU72 guava 30,7d 0%/4%  Ro/+ wS§ + - - +{4+ +
KuU76 lychee 37,3d 0%/4%  Sm/- S - - - -I- -
Ku79 orange 30,34 0%/4%  Sm/- 8 + ++ ++ - -
KUS82 orange 373d 0%/4%  SmiH+ S - + + i -/-
KUs4 orange 37,7d 0%/4%  Sm/+ WS + - - i+ ++
KUS85 orange 37,1d 0%/4%  Sm/+ WS + - - ++ ++
Kus4 roseapp  30,7d 0%/4%  Sm/- ) - - - i+ -4~
KuU9s roseapp  30,7d 0%/4%  Sm/- 3 - - - i -f-
Ku9s roseapp  30,7d 0%/4%  Sm/- S - - - i -f-
K97 roscapp  30,7d 0%/4%  Sm/+ S - + + +H++ of-
K99 roscapp  30,7d 0%/4%  Ro/+ w8 ++ - - i+ -4~
KU100  roseapp 37,3d 0%/4%  Ro/+ WS ++ - - HH -/-
KUl01l  roseapp 37,7d 0%/4%  Sm/- WS ++ - - +/- -/-
KUto2 A. ascendens Sw/- WS§ ++ + ++ A+ /-
Ku103 A. ascendens Sm/- » § + + + 4+ /-
KU119  santol 30,74 0%/4%  Smv/- S + - - /4 +/F
FO3191 A. rancens Smy/- WC =+ + + +++ -/-
FO3280 A. acetinus Smv/- WC + + + - /-
[FO3283 A. aceti Sm/+ C + + + -f- -f-
IFO3284 A aceti Sm/- WS + + + -/ -/-
[FO3298 A. rancens Smy- g + ++ e -/ -/-
[FO12467 G. sphaericus Sm/- S ++ ++ ++ - -

WC = White film + Colloid

18

2) growth at 40°C was observed from shaking cullure in polato medium

Notes: 1) Sm = Smooth, Ro = Rough, S = Sediment, C = Colloid, WS = White film + Sediment,
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Executive Summary

ﬁ';ﬂuaammmﬂﬁ 1 (1 NuenBu 2538-31 FInAx 2539)

\Fanyntindx w3 acetic acid bacteria Lﬂm"f';aﬁﬁu*nmﬂ'luqmmnmmmwammmfwf?u
diosnaunsosendlediannealwiiunsmirdy  Tasordoiowley 2 ofln &2 alcohol
dehydrogenase WAt aldehyde dehydrogenase uam’mf{ffaﬁuwuwniun'\m'ﬁmﬁam‘ﬁagiﬁa +IN
miﬁnmauﬁan'ma‘%s’mmLLa:ﬁuqmam{vaaL%ammf’\ﬁuﬁuﬂn“lm"l.uﬂs:mﬂ'lﬂaﬁhum 129 18

lgwa WisufisudumoAuginasgusesfiu (FO strains) S1uin 15 movud wud fivde

muiuginoieiylangomnil 40°C 3mau 51 lalowa warmeiuigiuiniyldfouwnd

= .- [ P o o v & e =
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- a - 'z o ) oA . P " o =
Mmuay lnsmifierawudyginlevladidaaull uansinTadnaaill 151380 »3all DNA #
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faauiindloindadonfany 1571380 drwmmasme  (multicopies) Tﬂnmuﬁuﬁﬁwuiwﬁ

151380 Mmtj'qufu wa#a9 318U alcohol dehydrogenase an inactivated Lta:ﬂnix:'laimmmm‘sqj

.-7 : -i. * 4 s - . -
Twamadeadaniiamuaannuiduiugs (8%) Ngamnil 37°C uarlimaunsniaigluamns

L] u

Goadafilinsaanauidudugy (3%) nMfigmnall 30 uas 37°C

aqﬂnmmﬂaaﬂﬁ 2 (1 TuyY 2539-31 Ranaa 2540)
Pnmsfarswuwmadaiuannlwdansath dudnlng Wlddnunumeas
wa’lﬁﬁﬂlﬁt‘?‘j’anmﬁ'lﬁ‘n A. pasteurianus KU108 Taumrh plasmid curing @38&13 sodium
dodecyl sulfate (SDS) aututu 2.5 Uadniudaladiay uas acridine orange ANMUTNT
10.0 WwlnIniudedadans lwamInasata potato medium WUTIEWIIOUDA curant Aunnla
iwmadawalanain 3 Talsil Tag curant o 3 TalafifiuenldSsuifdegedeny parent

] L 4
=l -

strain 114 M3lALAe overoxidation mainfigannil 40°C mnsdgluomindsadaid

Ay
amuaanaNay 8% ﬁqnmgﬁ a7°c n’mﬁtylummﬂgym_%aﬁﬁmmﬁwﬁunauag 3% 7
a"mv.qﬁ 30°C uazdanwowvansadmslandanansimibiannsau naaFunaluamnnadid
leTuaanauag 4% uas 8% f‘iqquﬁ 30, 37 uax 40°C

mSudpameWuguss A pasteurianus KU108 las3inodiuriaansu Buannng
ﬁnmmmé’uﬁuﬁ‘s:wmmm“iryua:mm’ﬁansmf’uﬁuﬁqquﬁma~] (30, 37 uaz40°C) va9

. . i . - » Y v o - * Vo
static WAt shaking cultures ‘TNW'U'Y]ﬂqflafﬂjllﬂ:nqiﬁf’wﬂ?ﬂu’]E‘TNHQ‘MWQN“OOC TININ

u

annil 37 war 30°C wazlasadomsainansaly static cutture 15903114 shaking culture 1ija
anwnansuvastanled  alcohol dehydrogenase ldr aldehyde dehydrogenase 'ﬁafii'lu
membrane fraction wuifansinvanawlsiiizaefiuonaan static culture gani1 shaking
culture WR=NNIYI1 heme staining ganaulyl  alcohol dehydrogenase (subunit |l »ia
eytochrome ¢ complex) AlWnaganadasiuie lwSinalusiinAviniu wowvesewlodfiuen
N static culture Hautudaninen shaking culture uazfanTinzasawloinesasluamis
lﬁuqt%aﬁﬁmmuasmfmagnzgan'h'lummﬂﬁ'ﬂav‘faﬁ”l@Lamuaaﬁ‘%a'lummfe’;m%aﬁﬁnm
ﬁﬁunauag udiari heme staining vanawlmiluaniizding Urnghemuduvasuay
Widiulndifseiuan waaenUSunmuatewlmd membrane fraction vaadanenalndidin
4 uddeAnfinanssvranewlmddsetuisldinluaneAlifienmueanialuancffinsaria
i (low pH) azwinawloyd alcohol dehydrogenase 1u3‘1j°uaa inactive form 1u5ﬂ51ﬁ1uﬁ§an’iﬂlu
Masffilennes wazsnmadisufisufensmsasawlodfasslwdaniairdy 10 lelman
Uiaulwal#iusnann A. pasteurianus KU108 fifiensiuvananlmizige Frvnmsdnmainu

uﬂmlum'muqmvtqﬁg‘mauau‘lﬂﬁﬂﬁmaamn 10 1aloaatnadu laums treat figounniif

munfienag fia 30, 40, 50, 60 uaz 70°C wiw 10 Wil WA 70°C anInulamzAanTw

23



gadawlyy  alcohol dehydrogenase (3~4% residual activity) ‘mmau"l‘mfﬁuunmn A
pasteurianus KU108 viniu eufianizdsaiudmivienlod aldehyde dehydrogenase Wufia
n'smwaataﬂ'ﬁﬁ {3~4% residual activity) u A pasteurianus KU108, 1aloas KU111, KU112

ias saeki

waUAdivuasanlasan1s 3 U

— = WHUDUREUDIEM —_— = wHunuURIESud)

nsa i in Un

- = - H - -l -~ AJ -
Wauh | (foun | Wauh | WBaun | WHau

=] ot
=1
w

(Woun
1-6 | 7-12 | 1-8 | 7-12 1-6 | 7-12

1. M3AnNW plasmid profile

1.1 andanuasdanduamsugiiedly 2

1

ngamuuazlinuaamaise

v

Y

1.2 wgnanauazilensiaiauenngy

ar - v >

Wuginu

| 2. 5111 RAPD %84 total DNA

2.1 aDNUUULAZIAILN DNA primer

Il

Y

2.2 MUAA3N PCR wazianzviua
=) r 1 A *
wWisuidgussvinnguinunarli
NN
3. A1INIIAN Insertion sequence
3.1 LENANHADUDUBLIATEN DNA —

probe

A
A

3.2 Y Southern hybridization 1z

IAzvina
4. M1%M plasmid curing
4.1 \danlgarsnimuizay - »

4.2 JiaeauiAuas curant NG

A 4

5. malTudemsnudaeismariug
JenIsuy

5.1 Anmsadnsaiianmeai que —

meiuginugamaiige

5.2 Anwauiavaaaulsl alcohol ———»

dehydrogenase (adh)

5.3 mMslpaudu adh

S

v
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HRIIWITBNAN lwsautl

[ 4
(1) Innaraan

1.1 Lﬁaﬁnmunmmaawmaﬁmﬁﬁaglur‘ﬁa A. pasteurianus KU108 -unuinifoinu

-

ﬂ']']llﬁ']!fﬁﬂl%ﬂ']‘iﬂﬁ@\ﬂ?ﬂ mmuqmmquaa NINUAINMUTUTUBDINTAUI FUUATLANIUDS

Y

winlu

1.2 Wafinmmsafunialuamnnainaade A pasteurianus KU108 fignungiieng g

4y

(30, 37 uaz 40°C) naluannazfilu static uas shaking culture
1.3 Wafnwmandaulsznsvasanlad alcohol dehydrogenase W aldehyde
o &
dehydrogenase NUUNINLYD A. pasteurianus KU108

(2) msanRwanlnsouiiidnan
24 Mm3fasumumzssmaraialagnisimanafiafade ,
wmaﬁmﬂuﬁLauta"r’iaguaﬂﬂﬂﬂmu ﬁTmm‘?ﬂaLi‘m{mmmnﬁmﬂmmm*ﬁ’maae‘h
wdldatnadas: wuluwuafiionanssiia anuddylamsaiofs TanymuemaRusnNITILA
snsmzgnimualasiulunaiaiio wu dnwosfifnaTaetuanudnn (resistance) autia
Wunuadau (metabolism) mafialse {pathogenicity) ﬂaugmﬁu (conjugation) LLa:ETnEm:ﬁ
ATa9iunTe1aa9dLad (Day, 1982 wa: Trevors, 1986) walalauITiaiauados uas
munIntanaa goadbmilusswinasadld

P v, A - L3
lugansahhan unumsAnenisnizany (distribution) TaIwaIala WuILTanTa

L
o v .

dvsuing Hwaradavuiaind uingnn (Fukaya uaznmis, 1985a; Marictte La=AMAL, 1991)
fldimshewanaiaumainmanianahadunaadanme (plasmid vector) olaaudu
L't'hgj Escherichia coli WRt Acetobacter acefi No 1023 (Okumura WRtAtuz, 1985; Fukaya la:
Az, 1985b) TN T189IUTBY Fukaya wazamus (1985¢) wanniinsimnuadeflutuiing
A. aceti No 1023 lasmanduansindiantaulnanaa (polyethylene glycol) w3a lawunTadanan
el (dimethyl sulfoxide) &3ty A. pasteurianus fimgnumsaiwaiaiagnuanannwaiaie
PAC1 183 A. pasteurianus U pUC4 184 E. coli (Grones Wazams, 1989, 1991 ua: 1993) @I
miri'm‘iauwmaﬁﬂmmffvﬁ"lajv.*naé’mau%anmﬁné’u;"J'ﬁ%mwhaf] \i% conjugation (lnoue LAY
ftue, 1985; Valla uasfmz, 1986) transformation (Fukaya Wazfmk:, 1985c) uasr electroporation
(Hall ugzauz, 1992)

o

P - . . ) v & -
msgsawaiaiia (plasmid curing) 'luuuammmmmm‘l@ﬂmamﬂammawqmvxguga

(elevated growth temperature) wIansitanedl 15y acridine dye, ethidium bromide, mitomycin

4 o ' £ o e v a PO -~ -
C 'INGI']BU'!‘J‘Uﬂdm‘ﬂﬂMltﬂ:ﬂﬂ1ﬂﬂﬂ’!1ﬂtﬂﬂWﬂ'\ﬁMﬂﬂ’)N ﬂdllﬁﬂﬂuﬂ'\‘ﬂ\lﬂ 1
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A3 1 et aTnluasnatnhivi iAianaiatadlss

Curing agent

Mode of action

Acriflavin, acridine orange, ethidium

bromide, quinacrine

Coumermycin, novobiocin
Mitomycin C

Rifampicin

Sodium dodecy! sulfate (SDS)
Spontaneous plasmid loss

Elevated growth temperature
Thymine starvation

Protoplast formatioln and regeneration

Incompatibility curing

intercalating dyes; preferential inhibition of plasmid

replication

Inhibit DNA gyrase-dependent supercoiling of plasmid
Metabolic activation followed by nucleophilic attack on
purine bases

Inhibits RNA polymerase

Piasmid-containing ceils are possibly more sensitive to
SDS bacause of plasmid-specified pili on cell surface
Plasmidless segregants arise during replication or
partitioning to daughter cells

Complete or partial deletions

Used only with thymine-requiring auxotroph

May cause loss of certain plasmids

Plasmid incompatibility in the same cell

N : Trevores (1986)

mafnaadeaBluuuafGelasldaned Ireouwfidsssuanudinsa iu mTe

SDS (0.002%) laasluamadnaGa Staphylococcus aureus muai binasiiefiaiuquns
shaaulas] penicillinase qryl.ﬁuvlﬂ (Stephen uazAs, 1972) MILT mitomycin C ¥waala
ﬁ‘:"‘ia'lm%a Gluconobacter oxydans ATCC 9337 %dﬁ’llﬁizuu glucose oxidation eryl.'ﬁu"lﬂ (Qazi
WarAur, 1989) NMIlE novobiocin WRarfaSonanalialy Lactobacilius pantarum (Ruiz-Barba
_uﬂtﬂm:. 1991) n3lT acridine orange ﬁﬂﬁLﬁmmsgmmwauwmaﬁmh Bacillus cereus BIS-
59 *%"aﬁwa’lﬁv‘z‘;agr:yt%ummmmm’[ummﬁﬂmsﬁwﬁtﬂu non-haemolytic (Kamat War Nair,

1992) u.a:ﬁﬂﬁlﬁ@nwgngmwaawmaﬁa'lu Pseudomonas (Pileggi U8z, 1994)
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lumsdnwiaselt as@nwunuinuaawaaiiafiwulu A pasteurianus KU108 @siilwda
nimb#ufnentdnndulsialulszinalng Lﬂumuﬁuﬁﬁmﬁﬂnmwﬁﬁqmmgﬁge NURDAITN
L‘E&J'ﬁwuaansmfﬁmaa:;amuaa‘lﬁga NnMIondlawenmuevandsiyimnsiluoznilia
wadlaalasWiida wuindwsaliaagiotan 5 viie Jauie 2.3, 3.7, 6.9, 12.5 uas 14.3 Alaluw
MuEeL (A 1) suenBasinauisluamnnisndafinay sodium dodecyl sulfate
' (0.5-8.0 fadnsudafiaffas) usz acridine orange (10 Wlasnindaliaffag) Andanny curants

wasasiaut@ves curants AuontddSoufisuny parent strain

AN 1 LEHIROLYDINARUARLDWELDNTS

A. pasteurianus KU 108 (W3s Uiy

TN UALBWDNINTIIN

2.1.1 NISNINBIANAAITI

mim"ir'vanm'tf'\a*w A. pasteurianus KU108 ml.?;m'l.ummimm potato medium (0.5%
glucose, 1.0% yeast extract, 1% polypeptone, 2% glycerol ULar 15% potato extract Uszunns 3.3
n3u) USunes 2 daddas Umﬁumswmﬁqmwgi 30°C @unuLTIaY 200 TAUEIUTN W
24 Ml drodmwuiuiande 20 lulasdasadluawis 2 Had5as finay SOS ALY
05-8.0 Nadnsudafadansuufi 30°C donrmaiiwu 24 52l 'l.ﬁhﬂ@g@fﬁ'mwwﬁ’umam%a
0.1 fiadfannduasunainisuds potato medium FHIULONTINAA 4% WAz bromcresol purple
Yia Caco, (Bufieiaaiuanimiaiionsa) Usf 30°C wm 2-5 Tu gudadanlaladfidaue
Wadlalafideg natauonwanaiaSoufiouiu parent stain

MEUTWRE R Tnanalediee i 1 drw sps Aemnududu 2.5 faanfusio
Wddas  daduanudutufimbiwaaiavawoumelduvwaaiadSadalandondolu

AN sda wazldanuidutueay SDS 2.5 Nadniudalagans 1ﬁJLﬂﬂ@mfﬁ“ﬁqufuL%aﬁmumi
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Fanaaliadtse n5afl 5. 6, 7, 8, 9 uAz 10 31 0.1 HadAAT NALAILUUIIULINT guAmian
fuswiuanausnwaiaiie ua:;fiaqmnﬁmmﬁﬁeﬁuﬁm‘ﬁanmﬁ‘m‘lnnﬁaﬁunuwmaﬁmg EN
1,‘nﬁ?Ltmﬁﬁﬁunmauwamﬁmmﬁaagﬁauﬁqmuwﬁwﬁﬁudahﬂ'ﬁ acridine orange AMUTUTU
10 lulaniudaiiadiag 'r'nmm"m‘imwwﬁ'wau%vaaa‘luaww'lﬁnnn 24 219 ATU 10 A3
1‘5‘1’J11J@ﬂ@fﬁ'mwwﬁ’maw‘§aﬁmum‘sﬁmmaﬁ@ﬁﬁm%ﬁ' 10 1171 dilution watldTawutuuas
&9 0.1 Dadaas inBuasunamsud Efuﬁmﬁanﬁmmﬁmaﬁmmnwmaﬁa

2.1.2 N1SATIVFADUANUALDIATNTUN

tfuswdiRldannisth wanalefdsedan SDS auduty 2.5 Dafntudaladany
uas acridine orange ANt 10 lulasniudalisffes v mazsuantdde g Wisuifouiuy

parent strain @41l

y

1. narauRuIAnTIMUg MM igs (40°C) TmUﬂmnmﬂﬁryuummmﬁq potato medium
Jinfi 40°C wn 2-5 |

2. ﬂﬂaauauﬁmmu@iaﬂ’nmﬂuﬁuﬁuﬁwaamm’:’]a*mm:mmuaa?iqmwgﬁ 30 uaz
37°C Tﬂugmnﬁry'uaqt'fauua’lmmia potato medium Ausunsaidy 1-5% w3a @nuaa
1-10% Uu7 30 wia 37°C wiu 2-5 T

3. Gmi]aaumm@u‘naﬁmacﬁ'zumﬁ@hurm"a\ﬁ‘lamsﬁﬁLammauTmu'l'Emaa""Lgua’lummi
(a7 potate medium # 30°C W 18-24 51l

4. nagpumiainimihdufigunnil 30, 37 war 40°C Tamdgagaluamianal seed

culture medium (0.5% glucose, 0.5% yeast extract, 0.5% polypeptone W8z 0.5% glycerol) HuFN

Muan 4 was 8% lautodafiiaesty potats medium @ 30°C ww 24 Falus Usunes 10
1adday 1daslu seed culture medium U3u1as 90 Naddasluaraduure 500 Haddey unlu
anmzfilign (static cutture) (e 10 S Lﬁuﬁaadw,%ranﬂfuq artsruim 2.5 Haddad
lﬁaﬁmﬁﬂgﬂ’nuﬁwaqéaﬁdmﬂ'%"aamUﬂTmMTmﬁma{ﬁmmmm?ﬁu 540 WIWLNAT WAz

WnnedilSunsalamianlawmsniussecanladorlaasanlod (NaoH)

22 MSANBINITASIINIA WD IMITINAIBDILTD A. pasteurianus KU108
mdansmhdluszdueasmnimn ovdodfiiomiaendladiaruaaliidunsei

Y, =

fu Saesiinnlaaenwdsuriannuiouasnyn ﬁﬂﬂ”qqui‘ﬁ:ﬂ’hm‘ﬁwﬁnﬁﬁu Y Rri el
R t%ammf'xa?mﬂw,%aﬁ"h@iam‘nﬂﬁuuuﬂmmaaqmuqﬁ WyldaAsumgdsmine 25-30°C
:ﬂfuﬁwqm%gﬁizm'}ummﬁnﬁﬁu wmldsariiasmsminuazdszdninwnitaiiensa
fuaaag ﬁﬂﬁﬁﬂ'xmﬁ’uﬂuﬁaeﬁ’mﬁaﬂmuﬁuﬁﬁnuqmugﬁga NUFDANTNT UV D IONTUDR
ﬂtﬂ?ﬂﬁ’]é’ﬂﬁa (Ohmori  WRAME, 1980; Saeki WRTAME, 1997) WIDWAWIULUIUNTINUN

L - &
otong wazpus, 1989) IWnunzauiu
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AN v v &
lummaaasftlddnwinmisiuniavande A. pastewrianus KU108 l1amininal seed
culture fiNRULAN UGS 4 % UIN1aT 100 Dadfarlursaniuvu (side-arm flask) 1179 500

= )

afdes dhunuuwuutiien (static culture) uazivgn (shaking culture) finmm3asan 220 sou
daun LﬁUﬁdﬂBﬁdﬁﬂLguoL%annq 24 Tl dandansinndeng gt

1. fﬂmwmjwaawaﬁﬂym’%‘aa Klett Sumerson

2. 9@ pH

3. latsamtBnnansalasls NaOH anuduts 0.08 N uatld phenolphthalein (Tudn
fna’ lasld micropipette @ﬂﬁﬁlﬁﬂﬁ%au’] 100 wlnsdas leaslunasaum w@winanasly
900 lulasdas (lddrainaisars 10 i) 1@ phenolphthalein 811y 5 lulasdas (0.01 niulu
25 HaAAaT 189 70% Lanwaa) W laaiady NaOH anadutu 0.08 N YaUSunn NaOH #i
Itlunslaaia udihundrwiswitlionmne

4. yiffunonemuaalaeB ferricyanide reductase activity (dupanol method) dan13¥in
Ufifssiuiewlel alcohol dehydrogenase Tmﬁuaﬂmﬁﬁuunu’%fm“ﬁa‘m A. aceti (laTuanu

BWATIZRIIN Professor Dr. Kazunobu Matsushita uWYingdssnunnd ﬂs:tﬂﬂﬁ'jigu) LR SR

| Jss1nme 200-400 wndn 50 mM potassium phosphate buffer (KPB) pH 6.5
muaior 10 mM Llemuea Mlenuea 2.3 m“mauﬁmf'}nﬁu‘lﬁﬁﬂ‘immqwﬁw 50

{88807 ANMLTYH 4 M 1Ia19siEiun 1 Dadfas Fovlviiiv 100 Dadaay

M1l Asefiania standard curve vl3nnnilaninea

Reaction mixture Yiunas (wlas@as
1.10 mM Ethanol 0 5 10 15 20 25
2. distiled water 100 95 90 85 80 75
3. ADH solution 100 100 100 100 100 100
4.10 mM KAB pH6.0 600 600 600 600 600 600

W1 reaction mixtures TUTHUNLUT 25°C § wafi &Y potassium ferricyanide ANLTUTY
100 adluaniasly 200 ulasias tufi 25°C ww 5 wift ngadGAToalasnsidiy dupanol &9
U 500 ulnsaes Uudaft 25°C wim 20 waft dmiindussly 3.5 Da88ay et 0.0 7
AMuIREn 660 WTluNAS

mdensiinaemveslsindssds iimemusadszuim 4 % wdasde
Ia19Izams 3,000 W0 (1,000-2,000 i1 @mTuiuiomamuaa 2 %) wiaieagief
'l’i’lamaué‘;mﬁwﬂﬁﬁ"S‘mﬁ'mau‘l‘n;T ADH U871781 O.Dgeo nﬁ'umﬁuuﬁunﬂwmmpmﬁam
Wuaasianiues
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23 nsdAnwandaunlsenisvanowlyal  alcohol dehydrogenase War aldehyde
dehydrogenase ‘ﬁlm ni)'lm'f;a A. pasteurianus KU108

mysandladionuaaliifiunsmirdy orduUffion 2 dunou fo Jwnauusn Ju
Ufiftmaandladianmusaliiiudadlad lasiowlmidanasada lolasfiua (Alcohol
Dehydrogenase, ADH) tuaaufimoniuujismoondladsailodile biiduneidy Iae
ulmidadiladalalasdiua (Aldehyde Dehydrogenase, ALDH) 18%1‘515#0&86‘3%61&8@%%%@6
ﬁm‘naﬁ (membrane-bound enzymes) (Adachi uacati, 1978a ud: 1978b; Ameyama UR:
Adachi,1982a WAz 1982b) H3wawi awlwddaslada tslasdiua ﬁmmnaﬁmﬁqmﬂqﬁga
nnninewloddanssadilolasiiua (Adachi wazams, 1988) lavvlaulnidanossds
talassinaainifansavidutlssnaudae subunit €8y 3 subunits @8 subunit I, Il War Il
(Matsushita Wazftke, 1987, 1992a, 1992b, 1992c Uar 1994; Takemura URALWZ, 1993) B
wulolann A. polyoxogenase %aﬂs:nauﬁw subunit HBEUIWEY 2 subunits Aa subunit | t&s i
(Tayama uazAmz, 1989) Insrumislaauuazmidrauiinedlalndvaiiu adh an A
pasteurianus subunits | uaz (Takemura wazathe, 1993) uls subunit Il (Kondo wazatuy,
1995) uax A. polyoxogenase subunits | Uaz |l (Tayama luazatks, 1989) ﬂﬁﬂﬁ'uadwiﬂ: subunit
fia subunit | tilu dehydrogenase subunit ﬁifmﬁnTmaqam:mm 72-80 Alasasu Ysznavu
e pyrrologuinoline, PQQ Li&: cytochrome c 1 mole (Matsushita WRzAME, 1996) LAzEINTID
Winuan active 1Ty inactive form ‘&7 (Matsushita uazame, 1995) subunit II 1ilu cytochrome ¢
' subunit (Usznaudiy cytochrome ¢ 3 mole) ﬁﬁwﬁnimaqaﬂi:mm 44-54 Alagadn ums
subunit 1 FaoradiumumlumsihmanuadoTeen 1 sTuiuszwine subunit | Ay subunit 1}
{Kondo wuazftue, 1995)

Tumineassitldusnawleoy ADH ua:z ALDH mnﬁiaﬁmmaﬁmaa A. pasteurianus
Ku108 udnhandnmfanssuvenawlfaaizrosmaiondasneg M uwariensidin
188 subunit 11 (cytochrome C) lag3% heme staining Sausaznimanasiiisnsdail

2.3.1 n1susniowlzsl ADH Liaz ALDH mm?jaﬁm‘naﬁmaa A. pasteurianus KU108

vensadnasaianzan g induiafiuanawsasaisnnusiTey 10,000 sause
WIF Wm 10 Wl §19ALNAULTAS 2 A9 T8 50 mM potassium phosphate buffer (KPB) pH 6.0
T anutuoIn:nauTadnaIud19at 50 mM KPB pH 6.0 lasltiSunas 5 Sadiasdoload
1 niy (ffw annitlan wia wet weight) v amuTurantautu French pressure cell press i
Muay 16,000 psi 2 o M ludufiausisou 10,000 saudau I wan 10 wif awnnien
fznaweasUndaanly e supernatant NAMEN membrane fraction 881370 soluble fraction
bmsiudoeia ultracentrifuge 973 13aL 40,000 JaudauIh wIw 90 W ﬂm‘fﬂa
{soluble fraction) AENNNVADRIANNG RraLAznaU (membrane fraction) Tu 50 mM KPB pH
6.0 Tal% homogenizer awleasasatoiiodioanm
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2.3.2 nshaszsdnansInzostonlaal

3% ferricyanide reductase activity ' oh) Dupanol method lasfsnisuvaaanloy ADH
ez ALDH  3:3anevainanuannialunsdag  potassium  ferricyanide  Aauginiy
dehydrogenation U8ITURATN 1aE reaction mixture UTznaudie

0.1 UafdaT enzyme solution

0.6 18R8AT Mclivaine buffer pH 5.0 (mixture of 75 mM Na, HPO, uax 38 mM citrate)

0.1 18897 1 M substrate (ethanol for ADH, acetaldehyde for ALDH)

Huf 25°C wn 5 wift 16in 0.2 Dadia1a1 0.1 M potassium terricyanide Lsdiafi 25°C
5 uﬁﬁﬂqaﬂﬁﬁ?mimumnﬁ&i 0.5 UaddnIvay ferric sulfate-Dupanol reagent(0.3% Fe, (SOu)s,
8.7% phosphoric acid Wax 0.3% SDS) #9147 25°C win 20 Wi 1dn 3.5 Taddesvaniindy W
1070 0.Dgeo

One unit of the enzyme activity was expressed as 1 Llmol of substrate oxidized per
minute, which is equivalent to 4.0 absorbance units.
2.3.3 nMswanuidadusastilsdiv

1535u8¢ Lowery ol Bovine Serum Albumin (BSA) Iy standard lasmimindladng
11 0.4 §a8897 16y 0.2 TaRAaI10ITTALRIUNEY solutionA : solutionB = 50:1 (solution A = 2%
Na,C0O; in 0.1 N NaOH containing 0.5% SDS, solution B = 0.5% CuS0,.5H,C in 1% potassium
sodium tartate) varfi 35°C wiu 10 wft Fisr 0.2 Dafiasadsolution C (pheno! reagent) maaly
driuaiiass tudt 35°C win 30 wift 11 le 0.0,

2.3.4 N19111 heme staining Y89 ADH protein 1w membrane fraction

funaumaiiesil ¥iar membrane fraction aandutun 50 lulasniuanusniy
sample buffer uasdufi 60 °C 30 w1 WuBAAI8H198UMaNTaY 12.5% SDS-PAGE Yhiian
laslWisgalaeldnsualwih 5 Saduant] lutraves stacking gel uaz 10 Hadusut] luztiaves
Separating gel It protein size marker 2a3u3WY Biorad %oﬂiznauﬁm phosphorylase B
(101,000 @1a¢%) bovine serum albumin (83,000 Gl’laﬁu) ovalbumin (50,600 @1a®L) carbonic
anhydrase (35,500) soybean trypsin inhibitor (29,100 @188%) WAt lysozyme (20,900 @1a@)
iaasndfaulu staining buffer (6 Taf@as 189 9 Hafiniu 3,3, 5,5-tetramethibengidine, TMBZ
 Wunuea war 14 fad3as 209 0.25 M acetate buffer pH 5.0) lasnisiw w9 ﬁqmﬂqﬁﬁae
Wiy 1-2 'ﬁL’J‘[m @y 60 lulasiasves hydrogen peroxide RN staining buffer 'ﬁﬂ’f 30 wifl Uz

Wuuaulusiuiiniv wgauffisonlasman staining buffer s uduteslilumnauvas 3

ot ]

83805 isopropanol Waz 7 NaRART 299 0.25 M acetate buffer pH 5.0

2.3.5 @M@ DUSDaIlown I5al ADH Uaz ALDH ﬁqmwgﬁgo

¥ membrane fraction vasiansarndy 10 lelman @2 KUS, KUSS, KUB1, KU84,
KU102, KU108, KU111, KU112, IFO3284 ua: saeki s Taszvnensinvanenlod ADH uss
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(3) Hafilazuy
3.4 Arusurinlainnsimarafinatsouacaniavadrnsw

nnmMTEansmindy A, pasteurianus KU108 uvnwanaiadi3elasld SDS anudy
T 0.5-8.0 Hafiniueafiadday wuifianudutuwuss SDS AL 0.5-5.0 Hadnsudaiadans &
dofimusnaigldanudutuasszanm 200-300 Taladl uazfinnumdudu 5.57.5 fadniusa
faddes Defimunaniyldanududuacyszana 100-150 Talafl Fannlalafiaininaig
nalasudsudomisasnseaniinaiudndas  dwfienududures SDS iy 8.0
fadnsudafiaddas liwudefiniyldoudasnnanuiududindngaiuly gudadenlalai
gaadu TNt Ra: 30-40 laladl Rausnadanaalaussinrsiinasnlsmasdian
TasTWisda WsuAnuiy parent strain souaaslunInd 2 Sawuiinsls sps liaansn
wilsnihWiiensgymossmaaiiavaaia A. pasteurianus KU 108 Ifathamuysal Waflans
1ﬂutw71:1’1wmﬁﬁﬂ'aau"ﬁuaﬁﬁmﬂmaﬁmt;m HamaanRIUNIINAS8IDS Sievers uaz Teuber
(1995) #lédnwn plasmid profile maar‘ﬁvmfwémmugﬁuun‘lﬁmnm:uaummﬁm‘fwﬁumu-g'lu
ﬂ‘s:mmsJasﬁul.l.a:a’mwafuaum'hsm'"nuL%aqné’ﬂmﬁaﬂummﬂﬂmﬂunm 18 \fian waznn
3 tHau  ENAUENWAIANA wudmnmuﬁuﬁﬁwmaﬁﬂﬁmﬁm Farudorwaaiiafisedolas
Wanuanld acridine orange (AO) lagthAusuwimunsas 60 firwmsinaadadisenish 6
"ﬁaﬁunwaawmafzmmﬁaiauﬁq@umgmlummsmm potato medium UulaontsivtnGan
AMaTTBULRzg NN IIIANWIN 24 lus dredmwuiudaliues 20 lulasdas ldlu
W38MIMNT potato medium T acridine orange Wty 10 lulasniudafaddas Usuras 2

fadfay nng 24 Talus widsanuiiravwazgupitIIANINATY 10 AT IR TN

'
=

Fudafidumamnaaladiinsf 10 pdsandisinnde 0.85 Wafidud Ralwldtsunm
wRdfmunzau (30-300 laladl) Lﬁaamnﬁam‘%rﬂﬁﬁﬁunmmnﬁ'\tﬁvmﬁaﬁﬁmwm‘iumn ga
LWﬂfﬂL%ﬂﬁLﬁﬂ%ﬂdUﬂ 0.1 UadRas Lnﬁlﬂ‘uua’m’ﬁu'ﬁd potato medium ﬁ.ij bromcresol purple
lazianivan 4 % ﬂuﬁqmnqﬁua:nauﬁmﬁu wuiRanadean 1710° Hlalaflwdpuuaims
Goads 52 laladl LLa:YJnTﬂTaﬁmminas"wnmhﬂﬁam@lmnm‘saﬂ?iuu%mmngum%amn%
haduiiniss  JoduAnBenyn 20 laladl Wesnansnwaalaioufisunuida A
Pasteurianus KU 108 (P) faildenunisiwaialadige douansnalunind 3 wuiidausw
ol 85,86 war 87 Lﬁmmigrymumammaﬁmﬁauaugmﬁ Fynmaiwataiadielan
15 SDs fulia A, pasteurianus KU 108 wuiwsaiafiduwalngnit 2.3 Alans gnmﬁmﬁw
MLﬁﬂmigrgma'uaawmﬁﬁﬂ'lﬁqm'hwmaﬁﬂﬁﬁmmmﬁn H1manndaaNUMINAR8I189 Ruiz-

Barba wazame (1991) Adnwwanaliadl3elwie Lactobacillus pantarum laglia1s novobiocin
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2-21= curant WUTWLEY 58-87 N InMIsiiwanalinfia39782 curant 60 a2 AO 10 Lig/mi aTif 10

22= Wwanaliauad A. pasteurianus KU 108 A wldrumsinwaraiiading (p)

NN 3 UERILOUWANANATIAINIUTIVDA A. pasteurianus KU 108 AR un sviiwaiaiadindy
a797 6 Lauld SDS ATy Tu 2.5 Dadnsudoladaat vazasan 10 lauld acridine
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NIasaEaLaNTREN Y vosfiuTuivanamy 60 Adunrsiiwaralafitifianuda
T4 SDS 2.5 fiadniusofiaddng waz@lusuinanaia 68, 77, 78, 80, 81, 84, 85, 86 uax 87 1
# U s atE AR5 RA NI acridine orange (AO) 10 lulasnindafiadday wWiswioy
" T A pasteurianus KU 108 (P) Fililstinunsimatsindsss eenamonalunind 4 wuin
L mitusurii A overoxidation a$19nsminguuue1wiseil potato medium fugu caleum
| carbonate uazlaNINEa 4 % Lﬁ]’%ﬁp}‘lﬁﬁzzm’.qﬁ 40°C ‘nu,@iamwmﬁu’ﬁug@qmaanmﬁwﬁu 3 %
ﬁqmvxgﬁ 30°C ua:mwiamwmﬁwﬁugaqmaanmf‘fwéw 2 % ﬁqmmgﬁ 37°C yarnusaniy
' t'ﬁwﬁ’ugaqmamamuaa 8 % ﬁqmwgﬁ 37°C FaautiFiani liuananiy parent strain #1WIL
MINTIVFIUVUIALTRFVDIHILTUNNANLAY 85, 86 st 87 1WSguinisuniy parent strain @19
“ﬁmua‘lumwﬁ 5 wuinwadussiiuiwiuaz parent strain SIRINLANAIIRLRZINNNT
MgayunINEAnTATNAUYaEs A pasteurianus KU 108 usr &uiuinanoiay 85, 86 uas 87
: 1‘401%15 seed culture RHEULANILIA 4 WRs 8 % @iNd1dy ﬁqm*fiﬂﬁ 30, 37 ua:z 40°C lu

Fmzuuulawen (static culture) WUTINITHEANTAUAY pacent strain WASHIUWTUYVIBUIDIAY 85,
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86 uaz 87 lua1vny seed culture MUaNLDANaZaS 4 % TR NMUUANFIITY FIULEAIHA IHNIN
7 6 wiluavns seed culture AwauUdaNazad 8 % WUIN parent strain wianialdainings
WIWINEIAY 85,86 WAz 87 GOLAAINATHAINA 7 awa;ﬂﬁdwﬁuﬁmquﬁnwm:@mc] 289
L%ﬂ'ﬂi"]ﬁhﬂ’lﬂ‘ﬁ A. pasteurianus KU 108 Lﬁuﬁuﬁﬂ‘mﬂué'num:mmuqm%gﬁga NIINWAIATIY
L“ﬁuﬁm‘%uﬁwaammfﬂé’mLLa:Ltaanaaaa‘faguulm‘[w‘[fﬁu FuanuaIonIadssintaiwle
mindansaonsasnithdsrateifiartasiunaala 39l usudildniansaladn
niu%’vaﬁﬁomﬁwmaﬁ@ag UAzIABdTIBNUINNNTNABEIVE Qazi WAzAN: (1989) TDuiinly

aunirisnsanglaflauazayiutilazanie G. oxydans aguwwanaiia
A}

NG 4 WEAINIRIIIRGURULAGI 9 Y2IEWMTUTIVAINTD A, pasteurianus KU 108 WiAu1a

60, 68, 69, 77, 78, 80, 81, 84, 85, 86 uaz 87 eudauTouiisuiy parent stram

PO R LERINNTAENTANN A UL T 9 potato finay calcium carbonate 1a1an
UaN ¢ % Uuﬁqmmuﬁ 30°C Wi 3 U

MW MTRTUUHIIMITLES potato Umﬁqmgﬁ 40°C % 2-5 Tu

AW A MRS URaImMIT SCM Aflanudatwindurananiues 8 % Umﬁqugﬁ 37
°C wn 2-5 7%

MW MRITYLUIINNT SCM Afanudutuuduzasninidy 3 % Uuﬁqnmgi 30

°C win 2.5 1
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AN 5 UESIUUIALTARVDIRILTUNVENTE A. pasteurianus KU 108 MUNBLAT 85, 86 uas 87

WIBusuny parent strain
MW N TRATEIEB A, pasteurianus KU 108 (parent strain) 5183088 15,652 141

MW D ATHEVDIAILTUYVMUILLIRY 85 MadIY 17,744 11
NN A TRATEIAILTRIMUIULIETY 86 MRIVLNY 16,666 L¥in

NIW Lfﬂ‘aﬁmaqﬁmmﬁwmmam 87 fnavTHY 17,647 \vin
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3.3 anvaunsiszaisuostanlasl alcohol dehydrogenase WLz aldehyde dehydrogenase ﬁ
uﬂninm'{a A. pasteurianus KU108

3.3.1 fansanvonanlssf ADH uaz ALDH 7918 oA BoUDY static uas shaking

IIANTUEN ADH uas ALDH 'lmfimi’umﬂﬁ (membrane fraction) 184 A. pasteurianus
kU108 fitfsluanas static uas shaking cultures initamsiAsnITvasawlsy wuiAsnssy
yaowlanl ADH maot%aﬁtguaﬁqmﬂgﬁ 30°C valuamae static was shaking cultures 9=
g9a lawdl specific activity Uszanms 8 uax 5.5 u/img protein MudAY gonaalunIni 9
AsnsTuvaaawled ALDH anidafianed 30°C luannas static uas shaking cultures yedifing
q@ﬂi:mm 4 usz 6 u/mg protein audeTy wenandl sewudnAsntsuvasonley ADH Ta4de
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o Ha 1a - e e & Ao
inmsduanaulayl ADH ARSI alUsduvindufinunannidaiaoiuuy static was

shaking 4711 heme staining WUTIWOUBAY subunit Il (cytochrome ¢) a3 ADH 3nmTafitayd

WU static Wia shaking flanmniiengg axfianuduvvasoviusinlndifisedu wiifanssy
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Fig.  Heme staining of alcohol dehydrogenase (ADH) in ane
~ Jovaniensis KU108 (6) from shaking culture{A) and stati¢ culture
culture medium containing 4% ethanol at 30, 37 and 40°C. ~ |~
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1.1 Wafaifion random primers ua:ﬁnmamo:ﬁmmzaulumﬁiwmu%;u DNA Tauld
} UiSungnlsInfiueiss (Polymerase Chain Reaction, PCR)

1.2 Wawuufiuy Random Amplified Polymorphic DNA (RAPD) wadwe&%anq:uﬁm
f uszlinuguingligs

1.3 We3nmzim DNA marker VEIMIMUGUANTFS

@ msdnfneminsouDitiman
21 midmAoniansirdunguinwuarlinwgomgiige
rniensmhdufusnldhulmnalnetafu 120 lolmanusziFovosdin 15 muiug
Q‘%é’u‘lﬁ‘tg’uﬁ‘ﬂL's?a"anLﬁaﬁnuuazlﬁnuqquﬁgemnq‘mz 13 drae TasgenmseTyfigoimgd
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40°C dausnsluenmefl 1
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T 1 'nsﬁaLéanzﬂﬂﬁanﬁnuuaz'lwuqmmqugml'ﬁ'lum:ﬁnm RAPD-PCR

Code Growth at 40°C(72 hr) Code Growth at 40°C(72 hr)
+44 KU18 -
++ KU43 -
+++ KuU45 -
+++ KU47 -
++ KUS50 -
++ KU52 - -
+++ KU78 -
+++ KU104 -
+++ IFO3181 -
+++ IFO3280 -
+++ IFO3284 -
a4 IFO3298 -
+++ IFO12467 -
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2.2 MIAMADN random primers uasﬁnmam'wﬁmmzmﬂumsduumuﬁvu DNA Tonly
yA3ugnlgInisaisa (Polymerase Chain Reaction, PCR)

m Random Amplified Polymorphic DNA lasenfit)fGengnlsiwiiueiss (RAPD-
PCR) Lﬂuﬂﬁr‘i‘%mﬁuﬁmi‘mﬁ'umﬂi random primers Swidn qq‘wmu?;u DNA 9 n DNA
jemplate laun1mdn 119U (anneal) AU DNA template (McClelland, 1990; Williams ef al., 1990)
%vu DNA primer ueia:%uﬂztﬂ’}'lﬂ anneal MU genomic DNA AN complementary sequence
Buuga Fathu3omil primers aaa%'un‘f‘ﬂﬂé‘uaginé‘ﬁuwamm's ﬁaza‘&mﬁfuvmnﬁu DNA *ﬁa;'i
eiuand primers vasassuwin ity Tand3imsiiseiIWleasn DNA YUNAFN9 9 %uagﬁ'u
e inzYeImMItuYes primer H3mrihlumevn RAPD fingerprint @uihdinsfidaruta
s miuddlFiaudaceiie ﬁnwﬁﬁmsﬂﬁmﬁﬁnmqmﬂmﬁﬂmuunﬁl."’s'u
RnauTHe 1% Aeromonas spp. (Oakey et al., 19968) us: Salmonelfa spp. (Hilton et al., 1997)
Twdseilldshinafin RAPD-PCR anfinsneamunansinenes DNA profile saadonsa
shdungufinuusclainugoingfigs (Rewn DNA marker vasmamuguingfigs Taoduanms
ﬁnmam‘::ﬁmm:aulumﬂimsmu%vu DNA Tauls primers Th&% 51 primers @ufiu primers
183131 Operon 2 Y@ fi8 Kit A (OPA-01 i3 OPA-20) Kit B (OPB-01 iy OPB-20) kas primers
naudn 11 primers (Susssluanmsft 2) TepSuennsdmBen primers ﬁmmmq’ummﬁu
BONA 984 A pastourianus KU108 9nniwdinSuuifinyudu DNA fguveneldrwianguiinuuse
Linuguinglgs usz subclone Hu DNA ﬁq'm:muiﬁtamz’.umjnﬁmqquﬁgmﬁammé'uﬁ'z

nilainddaly
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3 ‘1 or o . A St N A
pTHf 2 daufiandlondvas primers NlSlunmanaiian primers Mnanzsulunisin RAPD-

PCR
Primer Nucleotide sequences Primer Nucleotide sequences
CAGGCCCTTC OPB-01 GTTTCGCTCC
OPA-02 TGCCGAGCTG OPB-02 TGATCCCTGG
OPA-03 AGTCAGCCAC OPB-03 CATCCCCCTG
OPA-04 AATCGGGCTG OPB-04 GGACTGGAGT
OPA-05 AGGGGTCTTG OPB-05 TGCGCCCTTC
OPA-06 GGTCCCTGAC OPB-08 TGCTCTGCCC
§ OPA-07 GAAACGGGTG OPB-07 GGTGACGCAG
OPA-08 GTGACGTAGG OPB-08 GTCCACACGG
OPA-09 GGGTAACGCC OPB-09 TGGGGGACTC
OPA-10 GTGATCGCAG OPB-10 GTCCACACGG
OPA-11 CAATCGCCGT OPB-11 GTAGACCCGT
OPA-12 TCGGCGATAG OPB-12 CCTTGACGCA
§ OPA-13 CAGCACCCAC OPB-13 TTCCCCCGCT
A oPA-14 TCTGTGCTGG OPB-14 TCCGCTCTGG
{ opa-15 TTCCGAACCC OPB-15 GGAGGGTGTT
4 oPa-16 AGCCAGCGAA OPB-16 TTTGCCCGGA
Y opa-17 GACCGCTTGT OPB-17 AGGGAACGAG
OPA-18 AGGTGACCGT OPB-18 CCACAGCAGT
OPA-19 CAAACGTCGG OPB-19 ACCCCCGAAG
orPa-20 GTTGCGATCC OPB-20 GGACCCTTAC
{ OPAA-02 GAGACCAGAC OPAB-07 GTAAACCGCC
| OPAA-03 TTAGCGCCCC OPAB-15 CCTCCTTCTC
10PAA-09 AGATGGGCAG OPAC-19 AGTCCGCCTG
1 OPAA-11 ACCCGACCTG OPAD-01 CAAAGGGCGG
§OPAA-14 AACGGGCCAA OPAD-04 CTAGGCCTCA
OPAD-11 CAATCGGGTC
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tjummu%u DNA -uaal.%an':ﬂﬁ"lé’uﬁnuuaz‘lﬂnuqmﬁqﬁgamg'm: 13 lalowe @
FsngnlgTnduaiss Taold total DNA Ausnvin@adandaiiiu template uatld primers 289
15 Operon frnumanaifioninbiny DNA fidalend wanu 14 primers %n%% DNA 'ﬁfjwmu
Idndiameiin 1% semlsmesdisnlasiiisfs WisuiAuuSyu DNA ﬁejwmu‘lﬁ’mnmﬂ‘ﬁ’
random primers LABAOTIEWIN primer hﬁz‘iwmﬂ%u DNA °umﬂmnséui‘fuﬁ":lﬁnaﬁuwnvhoﬁu
atnainldda

24 M3 subclone 81 DNA Aigununldidowaduioailoing

nnmnSoudioudn DNA ﬁsjwmn‘lﬁ’:zmﬁu%anquﬁnuuaz'lajﬂuqmnqi‘np Wi
44 DNA ethalpumesButuie 1.0 usz 13 ﬁ'[amaﬁtﬁu'lﬁ%’mmmmﬂma;miam%aﬁwu
gonnfigs 39147 subclone 3 DNA ﬁcaae§uﬁﬁ1xj pGEM®-T Easy mufllasosisenufiuaaslu
A 1) AT9FBLNAMT subclone F% DNA 1y Taumsdadsuiawlsd EcoRl udSinred
1 1% azmlsmeadianiasivizds

Xmn | 2009
Scal 1830 9’7:3190'
f 0""\ L
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Aat It 20
Amp! ﬁph !, 26
) co 37
nGEM®-T Easy lacZ BstZ | 43
Vector T T Not} 43
(30180p) Boor1 | &
~ Spe 64
EcoR | 70
Not | 77
BstZ | 77
) Pstl 88
ori Salt 90
Ndet a7
Sacl 109
BsiX1 |118
Nsi'l 127
141

T spe

d . : . o &,
Mwfl 1 Tasawireuss restriction map 83 pGEM®-T Easy fil#lums subclone % DNA figu:
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3) wafl lay
31 amw‘r"nmm:uu'lumsﬁw:Jﬁﬁ‘%mgnfﬂwﬁmanu U8R primers A1%
snmsfnsmuhanefmnzsilumsguunetu DNA Teou§isegnlainfiusue
fio M35 DNA template f2widadugaine 14 ng primer 1 pmol ust MgCl, 4.0 mM ussanN2z
mﬂjwmuﬁ'mmzmﬁa preincubation ¥ 85°C W 12 wifl 1 Yeu (dwiuiowlo Amplitag
Gold) denature 91 84°C win 1 W1¥i annealing A1 368°C % 2 1l extension A 72°C ww 3
it (A0 3 step f duam 45 39U) wae final step A1 72°C W 10 Wi i"nmmsmgwmﬁu
DNA v89 A. pasteurianus KU108 1610 primers ﬁl‘ﬁ’mu'lmﬁlﬁnamnimmﬂ%vu DNA 189 A.
- pasteurianus KU108 Wiaion duaaslumndl 2 ussludruan 51 primers ALY lddaifien

) s At A J ) a ] .
primers guueneBu DNA Tddasuusziuouvesiu DNA feulsiiaanfinunde 14 primers
. 4
- duandlumTan 3

. d ey w 8 . d s L ¥ »
A 3 draufianflendvas primers 13 14 primers nAmRanINgavneBu DNA ‘NBJL%BHQN
d \ a

muuszlainuguingfigs

Primer Nucleotide sequences Primer Nucieotide sequances
OPA-O1 CAGGCCCTTC OPB-03 CATCCCCCTG
OPA-02 TGCCGAGCTG oPB-11 GTAGACCCGT
OPA.03 AGTCAGCCAC OPB-19 ACCCCCGAAG
OPA-04 AATCGGGCTG OPB-20 GGACCCTTAC
OPA-07 GAAACGGGTG OPAA-14 AACGGGCCAA
EA—OQ GGGTAACGCC OPAD-01 CAAAGGGCGG
LOEM 1 CAATCGCCGT OPAD-04 CTAGGCCTCA
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3.2 mMTTsuirisy Random Amplified Polymorphic DNA 1sn‘iqm§ans§uﬁnmtaz‘lﬁnw
gmMilge

M3l primers 113 14 primers ﬁﬁ'mﬁanmg‘mmmu%uu DNA mmﬁan@;uﬁﬂuqmwgﬁ
gedwan 13 daad fin KU108, IFO3279, KUS, KU8, KU10, KU14, KU15, KU16, KU23, KU27,
KU28, KU30 uaz KU85 uﬁtmLﬁuuﬁ’untjuﬁlﬂmqmﬂgi’]gwwmu 14 ¢othe fo saeki,
FO31921, IFO3280, IFO3284, IFQ3298, IF012467, KU18, KU43, KU45, KU47, KUS0, KU52,
KU78 uaz KU104 %eueia:éﬁamaﬁﬁanmﬁﬂmwmn%mwmmsﬁugnﬁu '[ﬂugmné'nwm
489 piasmid profile Aenaiu Fausaslunwd 3 (Mwuw) UTing® primer OPAD-01 dafidneiu
fandlelned 5 -CAAAGGGCGG-3' 1w primer ﬁajwmu%u?uamamma 1.0 usz 1.3 Alols o
pENITALOWANTIZNL DNA ﬁuunmm%ang;uﬁﬂuqmmﬂagaﬁga 13 dhethy daugastumwd 3
(Mwsnd) diudu DNA vhsasBuilsrelfifln DNA marker vasmIugunglgs F3dudld
subclone T4 DNA #aaeaguﬁtﬁ'\gj pGEM®-T Easy ot lUSinneideudinglelnd flasen
m17h direct sequencing ¥89%% DNA Tasad it auHsd S Wanansneudeufiznilelnd
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mw#l 3 Plasmid profiles unz RAPD profiles 189 DNA flusnariaannifangufinuusslainu
gounnfigalapls pimer OPAD-01 (CAAAGGGCGG)

3.3 N7 subclone 3% DNA ﬁejwn grlmifomdrduiiealoing

INM7T subclone %vu DNA ﬁq'wmtl‘lﬁ'mn primer OPAD-01 (5'-CAAAGGGCGG-3") 111
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evelopment of Thermotolerant Acetic Acid Bacteria Useful for Vinegar Fermentation
Higher Temperatures'

thiko Saex1, Gunjana THEERAGOOL,* Kazunobu MATSUSHITA, ** Hirohide Tovama, **
ypha LOTONG,* and Osao ApAcHI**'"

Eoartment of Bioindustry, Industrial Technology Institute, Yamaguchi Prefectural Government, Yamaguchi 753, Japan
Lepartment of Microbiology, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand

pepartment of Biological Chemistry, Faculty of Agriculture, Yamaguchi University, Yamaguchi 753, Japan

Leeived July 29, 1996

Thermotolerant acetic acid bacteria that can grow at 37 to 40°C were collected from places all over
Thailand. They were divided into several groups according to their taxonomic and physiological properties,
such as rapid ethanol oxidation, rapid acetate oxidation, cellulosic biopolymer formation, growth at 40°C,
growth in 3% acetic acid, growth in 8% ethanol, formation of thermotolerant alcohol, and aldehyde
dehydrogenases, etc. Though the complete taxonomic analysis has not been completed with all the strains,
the majority of the acetic acid bacteria isolated have been confirmed to be classified as Acetobacter rancens
subsp. pasteurianus, A. lovaniensis subsp. lovaniensis, A. aceti subsp. liquefaciens, and A. xylinum subsp.
xylinum. They produced acetic acid at high temperatures such as 38 to 40°C, Even when acetic acid was
initially added to 4%, they still oxidized ethanol to accumulate acetic acid, while 2% of the initial acetic
acid was the upper limit for mesophilic strains* ! at higher temperatures. They oxidized higher concentrations
of ethanol up to 9% without any appreciable lag time, while alcohol oxidation with mesophilic strains was
delayed or became almost impossible under such conditions. Fermentation efficiency in vinegar production
with the thermotolerant strains at 38 to 40°C was almost the same as that of mesophilic strains at 30°C.
However, the thermotolerant strains worked rapidly with a higher fermentation rate at higher temperatures,
which the mesophilic strains were unable to do. Vinegar fermentation at higher temperatures was successful
in submerged culture as well as static culture. The fermentation rate as well as fermentation efliciency in
continuous vinegar fermentation at higher temperatures by the thermotolerant strains in a jar fermentor
was also more than 2 to 3 times that with mesophilic strains at 30°C. Thus, thermotolerant acetic acid
bacteria are useful for vinegar fermentation at higher temperatures, which may reduce cooling water expenses.
Key words: acetic acid bacteria; Acetobacter lovaniensis;, thermotolerant acetic acid bacteria;
vinegar fermentation at higher temperatures

Vinegar (acetic acid) fermentation has been known for
turies by natural fermentation of ethanol-containing
ltions  without understanding of the nature of the

bacteria produce acetic acid from ethanol by two sequen-
tial oxidation reactions of membrane-bound alcohol dehy-
drogenase (ADH) and aldehyde dehydrogenase (ALDH).

eess. The first description of vinegar fermentation was
Wde by Pasteur in 1862, He recognized that mother of

egar was a mass of living organisms that caused acetic
M fermentation. Only less than 100 years ago the re-
Wentative strains of acetic acid bacterta, Acetobacter
_ff and Gluconobacter suboxydans, were discovered by
Werinck in 1898 and by Kluyver and de Lecuw in 1924,
Weclively, Nevertheless, it was believed that acetic acid

Such oxidation reactions are termed “oxidative fermenta-
tion,” since they involve incomplete oxidation of alcohol
accompanied by accumulation of the corresponding oxi-
dation product in huge amounts in the growth medium.
In spite of the long history of vinegar, disclosure of the
nature of ADH and ALDH was actually started in the
early 1980s after PQQ, a novel quinone prosthetic group,
or a related quinone cofactor was indicated in the function

Y produced by the actions of cytosolic NAD(P)-de-
went dehydrogenases. It was only in early 1960s when
fa¥ama suggested that the enzymes involved in the
Wl fermentation were associated with cytochrome
gLtonents or were cytochrome components them-
5.2 Thereafter, it has been fixed that acetic acid

of such enzymes, besides the cytochrome components.**

Concerning the alcohol oxidizing system of acetic acid
bacteria, ADH and ALDH have been extensively invest- |
gated and well characterized.”™® The two enzymes are’
bound to the outer surface of the periplasmic membrane

and catalyze oxidation reactions by localizing to the:

§

ol
:

A part of this work was presented at the 70th Annual Meeting of the Japan Society for Bioscience, Biotechnology, and Agrochemistry, Kyol®:
- 30-April 2, 1996; the abstract paper appears in Nippon Nogetkagaku Kaishi (in Japanese), 70. 115 (1996).
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%bmw'mions: acetyl-CoA. acetvl coenzyme A: ADH. alcohol dehydrogenase; ALDH, aldehyde dehydrogenase: PQQ. pyrrolequinoline quinone:
3 lhstitun: for Fermentation. Osaka: SKU. Faculty of Science, Kasetsart University. .
To characterize the thermototerant properties of acetic acid bacteria from Thailand, the term, mesophilic, is wentatively used for the strailis
0, though ail strains dealt with in this paper are typical mesophiles. !
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eriplasmic space. Understanding has much progressed on
e role of the heme ¢ moieties in the intramolecular electron
ansport during alcohol oxidation. On the basis of recent
sults, it is suggested that the heme ¢ in subunit I of ADH
nd two of the three heme ¢ moieties in subunit IT of ADH
e involved in the inlramolecular electron transport of
LDH to ubiquinone, from which the electron is mediated
vivo to the terminal oxidase.® Furthermore, an inactive
\DH convertible in vivo to the active form is formed in
Eluconobacter suboxydans and the generation mechanism
d physiological function are under investigation.'®

Hot summer in these couple of years has brought indoor
pmperature increases beyond 30°C even in night time in
pany countries. That is a serious challenge to not only
inegar fermentation but also other fermentation industries,
nce they need a huge amount of cooling water to maintain
e optimum fermentation temperature. In the usual cases,
omestic vinegar production by acetic acid bacteria is
erformed at 30°C and a strict temperature control is
ssential irrespective to static culture or submerged culture.
A temperature increase by 2-3°C causes a serious failure in
oth fermentation rate and fermentation efficiency. In
mbmerged cultures, a large amount of heat is generated
uring fermentation and thus cooling costs become rather
pensive. It can be readily suggested that if favorable
frains of acetic acid bacteria that can work optimally at
7-40°C were available, the cooling expenses would be
educed very much. However, little has so far been reported
bout vinegar fermentation by thermotolerant acetic acid
acteria.'!'!'? Isolation, identification, and characterization
bf thermotolerant acetic acid bacteria were set in progress
o develop new microbial resources for oxidative fermenta-
ion. The course of vinegar fermentation at higher tem-
beratures with the isolated strains was investigated and
ompared to those with mesophilic strains. In this paper,
everal cultural properties in vinegar fermentation at higher
emperatures with the thermotolerant acetic acid bacteria
re described. A preliminary examination of enzymes con-
ferned in vinegar fermentation was also briefly conducted.

aterials and Methods

Chemicals. Yeast extract was kindly supplied from OQriental Yeast Co.
okyo, Japan). All other chemicals used were guaranteed grade from
pommercial sources.

Bacterial sivains, cultwre media, and cuftivation. Reference strains of
fiesophilic acetic acid bacteria used in ¢his study were generously supplied
om the Institute for Fermentation. Osaka (IFO). Severai kinds of culture
iedia were used in this study according to the purpose of individual
periments. Potato medium (1 g of yeast extract, 1 g of Polypepton. 2¢g
tF glycerol, 0.3 g of glucose, and 20ml of potate extract,'? filled up 1o
00m! with tap water) was used for general culiivation and for stock
liures. Seed culture medium (0.5 g of veast extract. 0.5 g of Polypepion.
.5g of ghycerol. and 0.3 g of glucose per 100m! tap water. and 1.5g of
gar for agar platesy was used for siudying acetic acid and ethanol
blerances. the course of bacterial growth, and enzvme activily mea-
rements. Suke mash medium contaimng 10% sake mash extract
100 2 of sake mash in 400 m!} of water) and 5% of ethanol was used for
eliminary study for actual vinegar production. In a seed culture, ethanol
fid acetic acid were added aseptically to 2% and 1%, respectively. Seed
ltures were cultivated aerobically by shaking on a rofary shaker at
Orpm or a reciprocal shaker at 120 strokes.

The main culture medium was prepared by reducing the contents of
481 extract and Polypepion in the seed culture medium to 0.2 g per
M'ml and increasing the concentration of ethinol to 4%. Temperature
d culturing period were varied and indicated in the legends of individual

Vinegar Fermentation with Thermotolerant Acetic Acid Bacteria 13

experiments. To the main culture medium in a jar fermentor {1 liter ¢
medium in 2-fiter capacity) or 1 liter medium in a 3-liter side-arme
Erienmeyer flask, 10% of the seed culture was transferred asepticall
Bacterial growth was monitored by measuring turbidity at 660 nm by
photometer or by a Klett-Summerson photoelectric colorimeter with
red filter. In most cases of vinegar fermentation, cultivation was done i
a jar fermentor (Miluwa Bio Systems, KMJ-2-3, Kudamatsu, Japan} wit
agitation rate at 1000 rpm and aeration was controlled to be 0.2 vvm.

In case of continuous culture, the culture medium was composed of 3
of glucose, 0.5g of veast extract, 0.2 g of Polypepton, 7.3 ml of ethano
and 0.7 g of acetic acid pers100 ml of tap water. This medium was almo:
the same as that used by Fukava et al.'® During the cultivation, th
ethanol concentration in the medium was always kept at the level of 1-29
by controlling the feeding rate.

Isolation of thermotolerant acetic acid bacteria. Thermotolerant aceti
acid bacteria were isolated from various [ruits in Thailand under differer
conditions. About 20 g of individual ripened fruits was cut into small piece
and placed in a sterile bottle covered with a sterile white gauze to prever
insect contaminantion. For each bottle, 40 ml of either sterile distiile
water containing 2 or 4% acetic acid, or 4 or 6% ethanol or sterile coconu
juice was added to submerge the fruit sample. The sample bottles wer
statically incubated at 30°C or 37°C. After 3, 5, and 7 days of incubatior
several loopfuls of the samples were streaked onto a YPG agar plate (0.5
of yeast extract, 0.5g of Polypepton, 1.0g of glycerol, 0.5g of CaCO,
and 1.5g of agar) supplemented with 4% of ethanol. or a coconut juic
agar plate containing 4% of ethanol and 3mg of bromcresol purple pe
100 ml. The colonies that showed halos on YPG agar plate or yello
colonies on the coconut juice agar plate, both of which indicated aci
production, were collected, The cultures were also maintained on the potat
agar slant. Alternatively, the cultures were mixed with an equal volum
of sterile glycerol to make 50% final concentration and stored in a dee
freezer at —80°C.

Growth of acetic acid bacteria. Static growth was examined from th
cultures growing in the potato medium at 30°C for 3 days. Growth 2
40°C was also examined in the same medium. Acetate oxidation (syn
onymous to acetate overoxidation or acetate peroxidation} wa
checked with the isclated strains from the blue colonies on the plate ¢
the seed culture medium containing 1% ethanol and 3 mg of bromcresc
purple per 100 ml. Alternatively, the growth was examined in the mediur
for studying acetate oxidation containing 0.2g of Polypepton, 0.3g o
yeast extract, 1% acetic acid, and 0.5% ethanol. The static and shakin
growth (220rpm) were done in 100ml of the seed culture mediur
containing 4% ethanol in a 500-ml side-armed Erlenmeyer flask at 30, 37
and 40°C. Effects of ethanol and acetic acid addition on ADH and ALD}
activities were studied from the cells grown in the seed culture medium
Acetic acid and ethanol tolerances were tested in an agar plate of th
seed culture medium containing either 3% acetic acid or 8% ethanol. Th
cultures were incubated at 30°C and 37°C. The acetic acid tolerant strain
were observed from the growth after 3 days incubation while the ethanc
tolerant strains were observed from 1-day cultures.

Preparation of crude enzyme solution. All operations were done at 47
unless otherwise stated. Cells were harvested by centrifugation at 9000 x
for 10min. and washed twice with cooled 0.1% Tris-HC), pH 8.0. Th
washed cells were resuspended at about 1 g of wet cells per 2ml in th
same buffer and passed through a French pressure cell press (Americal
Instruments Co., Silver Spring. MD. U.S.A) at 16,0001b'cm?. Afte
centrifugation at 9000 x g for 10 min to remove intact cells, the supernatan
erude cell-free extract. was further centrifuged at 68,000 x g for 90 min t
separate the cytoplasmic membrane from the cytosolie fraction. For th
routing assav of ethanol in the culture medium, the membrane fractio
was uscd as the enzyvme source of ADH.

Analvses. Acetic acid and glucose contents in the culture medium wer
measured by a high pressure liquid chromatograph (HPLC. Hitach
L-6000} using a Shodex sugar column SHI0Q! {8 x 300 mm) with ¢.01:
H,80, as a mobile phase at a flow rate of 1 ml min.'*" A refractomete
(Hitachi. L-3300) was attached to the HPLC as a detector. Acidity of th
culture media was measured by titration with 0.5n NaOH usin
phenolphthalein as a pH indicator. Ethanol in culture medium wa
measured enzymatically*® using the cytoptasmic membrane as ADH.

Enzvme assavs ADH (EC 1.1.99.8) and ALDH (EC 1.2.99.3) wer



gred by the method of Ameyama'® using cytoplasmic membranes.
4lt reactions measured, onc unit of enzyme activity was defined as the
unt of enzyme catalyzing formation or consumption of one micromele
reaction product or substrate per min. All enzyme assays were done at
C unless otherwise stated. Protein was measured by a modification of
method of Lowry er al.'” with bovine serum albumin as a standard.

esults and Discussion
jation and characterization of thermotolerant acetic acid
pacteria
From various kinds of fruits in Thailand, tremendous
bers of colonies were screened and 129 isolates of acetic
.d bacteria were finally obtained. Physiological and
onomic studies were done to identify them. Most of them
re classified as A. rancens subsp. pasteurianus, A. lova-
pnsis subsp. lovaniensis, A. aceti subsp. liquefaciens,
d A xylinum subsp. xylimen according to Bergey’s
anual of Systematic Bacteriology.!® 2% The following
ms were examined: (i) colony type and ability for acetate
idation, (it) observations of static growth in liquid culture,
i) growth on the potato agar plate containing ethanol and
tic acid at 40°C for 72h, (iv) shaking culture at 30°C
d 37°C for 72 h in the presence of 3% of acetic acid, and
yhalo formation in the presence of 8% ethanol grown at
°C and 37°C for 24h. A clear difference was seen in
anol oxidation in the presence of high ethanol con-
trations. It was clear that thermotolerant growth in
presence of acetic acid and high ethanol concentration
the outstanding characteristic of the strains from
ailland. Most of the selected strains grew well in the seed
lture medium containing 8% of ethanol while all
mesophilic strains did not grow. However, about 50% of

e . Growth Characteristic of Acetic Acid Bacteria Used

AL SAEK!D e/ al.

the isolates grew in the seed culture medium containing 3¢
of acetic acid, at which only three strains from 1FQ, «
rancens IFO 3298, A. aceti IFQ 3299, and G. sphaericy
IFO 12467 showed a growth. It is consistent with the fac
that most IFO strains are useful for vinegar fermentatio
at 30°C without any noticeable acetate oxidation. Abo
50% of the total isolates showed a growth at 40°C. Stati
growth of those isolates varied from sediment growth wit
and without a white film (a typical growth of acetic aci
bacteria) and colloidal growth {a sign of polysaccharid
production) with and without a white film. Acetate oxida
tion, which causes the loss of acetic acid in the mediunr
was observed in many isolates. Fourteen strains of th
isolates indicating strong ethanol oxidation were chosen fo
further study to develop useful themotolerant acetic aci
bacteria for vinegar fermentation at higher temperatures
The results of a preliminary study of such strains an
comparison to the mesophilic reference strains from IF(
are listed in Table I

Course of vinegar fermentation with thermotolerant aceti

acid bacteria

Six strains of the thermotolerant strains from Table
were further selected and their profiles in vinega
fermentationt under different temperatures were examine:
as shown in Fig. 1. In the culture medium, 4% ethanol ane
1% acetic acid were initially added, thus allowing tie fina
acetic acid concentration to be about 5%. However, th
final concentrations of acetic acid accumulated were les
than expected and settled to about 4% as indicated. On
reason came from evaporation of acetic acid and als

, Static Growth Growth in 3% Growth in 8%

Colony;/ L )

Overox growth at acetic acid ethanol/halos
30°C 40°C 6°C 37rC 30°C 3rc
72h 72h 72h 72h 24h 24h

A. rancens SKU 1102 Sm/-— w§ ++ + + ++ +4/++ -/-
A lovanienis  SKU 1103 Sm/- S + + + ++/++ —/=
A xvlinum SKU 1104 Sm/-— S + + + + ++/+ 4+ —f=
A. rancens SKU i105  Sm,— S ++ + ++ +4+/++ -/=
A. rancens SKU 1i06  Sm/— WS ++ + + + 4/t —/=
A lovamiensis  SKU 1107 Sm/— S + + + + + +/+ +/+
A lovaniensis  SKU 1108 Sm/— s ++ + + + i+ + +/=
4. aceti SKU 1109 Sm/— S nd + + ++ ++/+ + ++/++
4. xylinum SKU 1110 Sm/— s + + ++ ++ +/+ + +/+
4, rancens SKU 1111 Sm/+ S ++ + + ++/++ ++/++
A dovaniensis  SKU 1112 Sm/— WwC + 4+ + + ++/++ ++/++
A rancens SKU 1113 Sm/+ ) ++ ++ ++ ++/++ ++/++
4. rancens SKU 1114 Sm/+ S + + + 4+ + 4+ 4+ =
A. rancens SKU 1113 Sm/+ S ++ ++ ++ ++/++ +/+
4. pasteyrianus TFO 3188 Sm,/ — wC ++ + + —/= e
A. pastevrianus TFQ 3191 Sm'— wC ++ + + +/++ —/-
A. pastenrignus IFQN 3222 Smi— s ~ + + i _i-
A. pasreurienus IFQ 3279 Sm'— ) + + — — - -/-
A pasteurianmus 1FO 3280 Sm — wC + + + - —/=
4. aceri IFO 3283 Sm'+ C + + + - - B
A aceti IFO 3284 Sm'-- WS ++ + + —i— -
A. rancens IFQ 3298 Sm,'— S + + 4 ++ - - — -
A, aceri IFG 3299 Sm - S + 4+ + + —i— -
G. sphaericus  1FO 12467  Sm, — s ++ ++ ++ —i= —i-
A xylinum IFO 13773 Sm, — C + + + — = —-/=

Notes: Sm. smooth: S, sediment: C. colloid: WS, white film + sediment; WC, white film + colloid; Overox. overoxidation.
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wl during the fermentation at higher temperatures,
though the exhausted air was passed through a cooler.
Wlcases, vinegar fermentation was done in a jar fermentor
wetic acid accumulation was measured as described in
erials and Methods, When examined at 38°C and 39°C,
rains showed normal growth though the length of lag
id varied from strain to strain. In the usuval cases,
o] was exhausted completely within 20 to 40 h. Acetate
fition was observed only with 4. rarcens SKU 1102
p examined at 39°C and acetic acid was completely
eemed. Four strains, 4. rancens SKU 1102, 4. lovaniensis
103, 4. xplimum SKU 1104, and 4. xpfinum SKU
Vdid not grow at 40°C under these conditions and no
mulation of acetic acid was observed. Two strains of
aniensis SKU 1108 and SKU 1112 grew at 40°C and
il accumulation of acetic acid was observed.

egar fermentation with A. Jovariensis SKU 1108 was
in the main culture medium at 37°C in a jar fermen-
The course of fermentation and efficiency in vinegar
fiction by the thermotolerant strain were compared
those of A. rancens IFO 3298 and 4. aceti IFO 3283,
5 mesophilic vinegar producers, as shown in Fig. 2.
tation was done for the period indicated. Ethanol was
Uy consumed by A. lovaniensis SKU 1108 and the
Hiometric amounts of acetic acid accumulated in the
tmedium. A delayed ethanol oxidation was observed
4. rancens IFO 3298 and more than 10h were further
ed until the acetic acid concentration reached the
Wal level, In the case of A. aceti IFO 3283, the bacterial
at 37°C appeared to be almost impossible and
0l consumption was delayed very much. As judged
the results in Table I, such delay or incomplete vinegar
lation by the mesophilic strains can be observed
*itly in submerged culture at higher temperatures. It
“erally said that acetic acid bacteria show more
Wstability when grown under static cultures than
ged cultures. In most cases, there is some lag time

6
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. Effects of Temperature on Vinegar Fementation among Thermotolerant Strains.

podidate strains as thermotolerant acetic acid bacteria were cultured in the main cuiture medium in the presence of initially added 1% acetic acid and 4%
The cultivation was done in 1 hiter of the medium in a 2-liter jar fermentor. The fermentation temperatures were varied from 38°C to 40°C and incubations were
b the period indicated. Cnly acetic acid accumulation during the incubation is shown here.

in fermentation. The lag time was prolonged when
fermentation temperatures were elevated. Though excep-
tions have not been ruled out, under such serious conditions
of higher temperatures and lower pHs, there is the least
possibility that the cells that grow are contaminants or
spontaneous mutants.

Effects of initial acetic acid concentrations on vinegar

Sfermentation

The effects of initial acetic acid concentrations on vinegar
fermentation were compared with four diffrent strains as
shown in_ Fig. 3. The examinations were done in 1 liter of
main culture medium in a jar fermentaor and temperature
was controlled at 35°C throughout, The two mesophilic
strains grew under the same conditiens that enabled us to
compare the fermentation profile each other. The initial
acetic acid concentrations were increased from i to 5% as
indicated and ethanol was added initially to 4% to all
cultures. Both strains of A. lovaniensis SKU 1108 and SKU
1112 still oxidized ethanol, and acetic acid was accmulated
increasingly in the culture medium, when the initial
concentrations of acetic acid were less than 4%. However,
further accumulation of acetic acid no tonger occurred when
acetic acid had been initially added to 5% in the culture
medium. On the other hand, the upper limit of the inittal
acetic acid concentrations was found at 3% and 2% with
A. rancens TFO 3298 and 4. aceri IFO 3283, respectively.
In case of 4. aceti IFO 3283, some prolonged lag time was
marked before ethanol oxidation took place under these
conditions even in the pesence of 1% of inifial acetic acid.
These results indicate that some acetic acid tolerance is
found in the thermotolerant strains from Thailand.

Effects of initial ethanol concentrations on vinegar fer-
mentation
[t is important to check the effects of the initial ethanol
concentrations on the vinegar fermentation. The same four
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1. Comparison of Fermentation Efficiency of a Thermotolerant
with Mesophilic Strains at 37°C.

far fermentation with A. lovaniensis SKU 1108 was compared with two famous
philic vinegar producers, A. rancens TFO 3298 and A. aceti IFO 3283. To the
culture medium, 1% of acetic acid and 4% of ethanol were initially added and
entation was done at 37°C for the period indicated. Incubation was done in
mmentor as described in Fig. 1.
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h) Effects of Initial Acetic Acid Concentration: of Vinegar
lotation between Thermotelerant Strains and Mesophilic Strains.

3
Main culture medium, varous concentrations of acetic acid were added initially
“ed, Vinegar fermentation was started by the addition of 4%, ethanol and
" AlioNs were done in a jar fermentor for the period indicated. Temperature
Fiitolled a1 35°C throughout. Only acetic acid accumulation is shown here.

B™S used in the preceding experiment were used and
x Nations were done at 35°C in a jar fermentor under
7 conditions, except that various concentrations of
0! were added to the medium where aceitc acid had
Wmitially added at 1%. The culture conditions also
°d the mesophilic strains to grow on the medium. The
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Fig. 4. Effects of Initial Ethanol Concentrations on Vinegar Fermenta.
tion between Thermotolerant Strains and Mesophilic Strains,

¢ 20 40 650 B0 O

To the main culture medium (1 liter in a 2-liter jar fermentor), 1% acetic acid was
initially added. Ethano! was added at various concentrations as indicated. The
cultivation was done a1 35°C for the period as indicated and acetic acid accumulated
in the culture medium is shown.

Table . Effects of Acetic Acid and Ethanol on Vinegar Fermentation
Acetic acid (%) Ethanol (%)
Strain

35°C 37°C 39°C 35°C 37C wC
A, lovaniensis SKU 1108 4 3 2 g 8 5
A. lovaniensis SKU 1112 4 3 2 9 8 5
A. rancens  TFQ 3298 3 2 — 8 6 —
A aceti FO 3283 2 | — 6 5 e

results are shown in Fig. 4. Ethanol was oxidized to
accumulate acetic acid by the two strains of A. lovaniensis
SKU 1108 and SKU 1112, and no appreciable lag period
was observed when ethanol was initially added to less than
9%. When ethanol was fed to 10%, a fairly long lag time
was observed. This means that the organisms have acquired
ethano!l tolerance and adapted themselves to such high
concentrations of ethanol. Alternatively, ethano! concentra-
tions in the culture medium might be lowered by evaporation
after a long lag period, making the organisms free to oxidize
ethanol. On the other hand, A. rancens IFO 3298 and A.
aceti IFO 3283 showed a poor tolerance to higher etha'no]
concentrations under these conditions. Prolonged lag time
giving a delay in ethanol oxidation was also a predominant
feature with the mesophilic strains. Thus, it is reasonable
to say that the thermotolerant acetic acid bacteria have a
marked ethanol tolerance. )
In Table I, the upper kimit concentrations of acetic acid
and ethanol in vinegar fermentation which can be initially
acceptable are summarized. An apparent contrast can be
seen in acetic acid tolerance between the thermotolerant
strains and mesophilic strains, Ethanol tolerance of the
mesophilic strains can be comparable to those of ther-
motolerant ones at lower temperatures. However, they did

-

T VTp— "
oy Wt (WL AL B,

;
gl

o

s

k-




ow at 39°C in the medium which contained more
1% ethanol besides 1% acetic acid. The biochemical
Jqce supporting acetic acid tolerance, ethanol tolerance,

permotolerance of acetic acid bacteria has not been
& This is a primary important subject in future study.

Lous vinegar fermentation at higher temperatures
;s worth examining vinegar fermentation under
wous culture to sec whether such thermotolerant
R acid bacteria can be used in this system. A continuous
B is one of the typical methods in fermentation
s and it has been actually used for vinegar
Zction. In this study, continuous vinegar fermentation
Wyer temperatures was tested with A. lovaniensis SKU
W under various conditions as indicated in Table IIL
dilution  rate decreased nearly by 10% as the
ature increased from 37°C to 40°C. However, with
bt to acetic acid productivity, the results obtained here,
to 4.42 g/(liter-h), are more than 2 to 3 times higher
ihose with mesophilic strains. According to the results
kaya et al.,'* acetic acid productivity with 4. aceti
1002 was recorded to be 1.06 g/(liter-h) under con-
i vinegar fermentation in a jar fermentor. In another
&l of continuous vinegar fermentation, it was reported
% 1.7g/(liter-h) under similar culture conditions.?V
Bthere is some difficulty in doing the same experiments
mesophilic strains, several sets of data from the
Pure with mesophilic strains were cited for com-
. Though the viability of cells during the continuous
fermentation was not checked thoroughly, it is
icing that both the fermentation efficiency and
ptation rate in the continuous system were superior
pse with mesophilic strains. Improvement of the
mto make it more suitable for thermotolerant strains
under inverstigation.

o fermentation wunder static culture

kgar fermentation under static culture, the most classic
on but still having an important meaning, was
ted at higher temperatures. Acetic acid and ethanol
dded to 1% and 5%, respectively, to the main culture
, allowing the acetic acid accumulation to nearly
When examined with A. lovaniensis SKU 1108, several
were found in this system. The most outstanding was
Ued by its fast fermentation rate composing of smooth
ol oxidation and acetic acid accumulation as shown
3. As has been indicated in Table I, static vinegar
fiation at higher temperatures was almost impossible
Sophilic strains under the conditions in which more
.ﬁICid was allowed to accumulate, Sake mash medium
Ung 5% ethanol was used as a medium for pre-

Acetic acid

Acetic acid Dilution rate Ac]
{g hter) (m productivity
) ’ (A1)
38 0.10t 5.06
39 0.087 4.46
& 442

0.089
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liminary experiment for industrial vinegar production
using 4. lovaniensis SKU ]108. The course of growth,
changes in pH of the culture medium, acetic acid ac-
cumulation, and enzyme activities of ADH and ALDH
were examined as shown in Fig. 6. The organism grew
spreading over the surface of the medium forming a thin
film. The highest specific activities of ADH and ALDH
were observed after 4 days of cultivation. It can be readily
expected that ADH and ALDH activities go down and lose
their physiological roles when ethanol is consumed from
the culture medium. Alternatively, the decrease in specific
activities of ADH and ALDH in the prolonged culture
would reflect the predominated increase of ADH deficient
mutants as reported by Takemura et al.2?’ They found a
novel insertion sequence, IS /380, which causes a genetic
instability that produces spontanecus ADH deficient

Acetic acid

Ethanol

Acetic acid, ethanol {g/100 mi)
O =2 N WL o= RNWAEN OANWGSLEU D

10

2 4 & 8
Fermentation period (d)

12 14

Fig. 5. Vinegar Fermentation at Higher Temperatures under Static
Conditions by A. lovaniensis SKU [108.

The main culture medium (1 liter in a 3-liter flask) was made initially with [ % acetic
acid and 5% ethanol as indicated. The fermentation temperature was varied from
38 C to 40°C as indicated. The fermentation was done under static conditions for
the period indicated.
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Fig. 6. Course of Vinegar Fermentation in Sake Mash Medium by A
lovanicnsix SKU 1108,

To 1 liter of sake mash medium containing 1% acetic acid. ethanol was added 1o
5% and vinegar fermentation was done ot 30°C for the period as indicated under
static conditions, Every two days. acetic acid accumulated (). bacterial growth
(M. pH (x ). and enzyme activities of ADH (#) and ALDH (O} were measured
as described in Materials and Methods,



Jqants. However, so far as examined, no hybridiza-
L with IS 1380 was observed with the strains used in this
gy, A. lovaniensis SKU 1108 and SKU 1112 (G.
eragool et al. unpublished observations). It is interesting
e that inactive ADH is formed in G. suboxydans when
organism is grown under vigorous aeration in acidic
19 It 1s said that a similar phenomenon also occurs in
genus Acetobacter. The highest concentration of acetic
b (about 5.5%) was detected after 10 days of incubation
n the pH of the culture medium dropped from 3.5 to
| Ethanol in the culture medium (not shown in the figure)
L almost consumed at that time, which is consistent with
results obtained above. Though itis difficult to compare
data for thermotolerant strains directly with mesophilic
. the usefulness of the thermotolerant strains for all
s of vinegar fermentation can be emphasized by the
j presented here,

e appearance, taste, fragrance, etc. of vinegar produced
thermotolerant acetic acid bacteria seemed similar to
« produced by mesophilic strains, though many points
win to be checked. Masai'! reported that there were no
pificant differences in taste and fragrance, when vinegar
pared at 30°C and 37°C were subjected to sensory test
well as chemical analyses.

B these experiments so far described, the growth of acetic
dbacteria was followed by reading turbidity of the culture
dium as the reference for cell numbers. [t cannot be
epted that the turbidity means the total viable cells. As
been reported by Takemura et o/ 2% it must be noted
the majority of the cells began to die in the stationary
e after ethanol was exhausted and acetic acid
mulated to the maximal level.

mostability of ADH and ALDH from thermotolerant
etic acid bacteria
be thermostability of the enzymes involved in vinegar
Wentation was examined. As illustrated in Fig. 7, it is
bresting to see that almost the same thermal denaturation
les of the enzymes appeared among the strains
pective to thermotolerant or mesophilic strains, al-
gh ALDH was shown to be more thermostable
st heating than ADH as reported previously.** Thus,
it were no essential differences in thermostability of the
es among the strains. Some differences in thermo-
bility observed with ALDH among the strains by 20 to
b (Fig. 7) was insignificant to evaluate the thermo-
bity of the enzyme from thermotolerant strains under
tonditions examined. It is important to check whether
9 thermostability is ascribed to the intrinsic properties
individual enzymes or is an endowment of the acetic
Ibacteria themselves. Wh.t kinds of enzymes or which
% of mechanisms enable the acetic acid bacteria to be
‘Mastable should be investigated from the properties of
Ures and functions of cellular membranes as well as
p/loplasmic components. As mentioned above, it would
& probable to disclose the mechanisms by translating
°b§er\'ati0ns into biochemical terms that the growing
ling cells of thermotolerant strains really oxidize
01‘10 acetic acid at higher termperatures but not the
Mhilic ones. As the purification methods for both ADH
A[.-DH become available,”*-**" it would be possible to
ich subunit of the individual enzymes really carries
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Fig. 7. Thermostability of ADH and ALDH.

Thermostability of ADH and ALDH was meusured with the membrane fraction
prepared from the cells of A. lovaniensis SKU 1108 (). A. lovaniensis SKU 112
{ED). and A. aceri IFO 3284 (JF) grown on the seed culture medium containing 1%
acetic acid and 2% ethanol. After incubating the membrane fraction for 10 min under
various temperatures. the heated membrane was chilled in ice-cold water. The enzyme
activities were measured under the standard assay conditions at 25°C.

the nature of thermostability. Apart from what is discussed
above, how much cooling expenses can be saved by using
thermotolerant acetic acid bacteria will be developed in our
future study.
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icrobiological Aspects of Acetate Oxidation by Acetic Acid Bacteria, Unfavorable
} tnomena in Vinegar Fermentation'
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Several strains of acetic acid bacteria belonging to the genus Acetobacter, showing strong acetate
oxidation, were screened and their microbiological aspects in acetate oxidation were investigated. When all
available carbon and energy sources were exhausted and only acetic acid remained in the late stationary
phase, the bacteria started to consume the acetic acid that had been accumulated in the culture mediom
for vinegar fermentation. They grew rapidly, showing the second stationary phase and a typical biphasic
growth curve was observed. The cells from the first growth phase were acid tolerant, while the cells from
the second growth phase turned over to become acid sensitive. However, no distinct acetate oxidation took
place when oxidizable ethanol and other available carbon sources still remained in the culture medium.
Moreover, no apparent acetate oxidation was observed in vinegar mash in which more than 4.5% of acetic
acid was allowed to accumulate. There was a threshold in acetate concentration since the most selected
strains oxidized acetate when the final concentration of acetic acid accumulated was less than 3.7% . When
only acetic acid was administrated as the sole carbon and energy soutces, the organisms finally used acetic
acid after a long lag time. The lag time was shortened by the addition of a smal! amount of readily usable
energy source, such as ethanol. From enzymatic analysis, only acetyl-CoA synthetase increased much among
the enzymes concerning acetyl-CoA formation from acetate, while the enzyme activities of acetate kinase
and phosphotransacetylase were not changed significantly. The enzyme activities of isocitrate lyase and
malate synthase also increased significantly in the cells when acetate was consumed. These results indicate
that acetic acid is converted to acetyl-CoA by acetyl-CoA synthetase to put acetate into the TCA cycle as
well as to the glyoxylate cycle allowing the bacteria to grow rapidly on acetic acid after ethanol exhaustion.
Taking together with growth experiments and enzymatic data accumulated, it was strongly suggested that
cells different in physiological characteristics from the first growth phase emerged in the second growth
phase.

Key words: acetate oxidation; acetic acid bacteria; Acetobacter aceti; acetyl coenzyme A synthetase;

1 vinegar fermentation
i

Acetic acid bacteria belonging to the genus Acetobacter
¥ used for vinegar production, while Gluconobacter
ins arc strong in ketogenesis and thus favorable for
onic acid and ketogluconic acids production, L-sorbose
Mmentation for vitamin C preduction, and other oxidative
Mmentations. !’ Recently, several specified strains of the
s Acerobacter have been one of the current topics as
Uellulose producers.? Mankind has obtained vinegar
i ethanol-containing solutions by natural fermentation
ltenturies without understanding the nature of the proc-
 The first description of microbial vinegar fermentation
; made by Pusteur in 1862 ¥ He recogmzed that mother

acid bacteria in the early 1960s, which catalyzed oxidation
of alcohol and aldehyde, respectively.*® Nevertheless,
vinegar fermentation had been believed to occur by the
action of cytosolic NAD(P)-dependent enzymes. It was in
the late 1970s when a membrane-bound alcohol dehydroge-
nase was isolated from acetic acid bacteria in which a
quinoprotein dehydrogenase involving PQQ as the primary
cofactor besides cytochrome components had the primary
function in vinegar fermentation.®”

According to the latest issue of Bergey's Manual of
Systematic Bacteriology,®’ all strains belonging to the
genus Acerobacter oxidize acetic acid into carbon dioxide
and water. “Over-oxidation of acetate™ or “‘acetate peroxi-
dation” has been used synonymously with acetate oxidation
designating the phenomena of acrobic acetate anabolism
by acetic acid bacteria. An intensive consumption of acetic
acid is always accompanied by a corresponding increase in

t
' To whom correspondence should be addressed.

pence, Kasetsart University.

" A part of this work was presented to the 69th Annual Meeting of the Japan Soviety for Bioscience, Biotechnology, and Agrochemistry, Sapporo,
11-3, 1995: the abstract paper appears in Nippon Nageikagaku Kaishi (in Japanese), 69, 315 (1995).

K bbrevigiions: Acetyl-CoA, acetyl coenzyme A: ADH, alcohol dehydrogenase; ALDH. aldehyde dehydrogenase: PQQ. pyrroloquinoline quinone;
i ADP, ATP, adenosine $-mono-, di-. triphosphate; TCA cycle, tricarboxyliv acid cyele; IFQ, Institute for Fermentation, Osaka; SKU, Faculty



ell mass of the organisms. In the southeast Asian countries
nd also other tropical areas, coconut juice i1s used as the
st popular source for home-made vinegar, yielding a
wer acetic acid content than rice vinegar produced from
ke or sake lees. A serious problem frequently happens
ith such coconut vinegar, that acetic acid is readily
xidized further by many acetic acid bacteria. Acetate
xidation is also seen even in the temperate countries.
xperiences accumulated for centuries have allowed us to
lerminate vinegar fermentation when a small amount of
thanol still remains in the vinegar mash, that has been
thought to be the safest way to avoid acetate oxidation.
Vinegar fermentation allowing acetic acid accumulation
to be more than 4% has become an alternative way to
hvercome acetate oxidation. In usual commercial vinegar
production, the final concentration of acetic acid is con-
rolled at 4 to 5%. Selected microorganisms which show
the least acetate oxidation have been currently used for
vinegar fermentation, though a prolonged incubation after
¢thanol exhaustion sometimes causes acetate oxidation
more or less. Therefore, it is important to clarify the
imicrobiological aspects of acetate oxidation by acetic acid
bacteria, because few microbiological and biochemical
investigations on acetate oxidation have been reported,” in
spite of its basic and practical significance. In this report,
several aspects of acetate oxidation by acetic acid bacteria
are described. A preliminary enzymatic investigation on
acetate oxidation is also conducted briefly.

Materials and Methods

Chemicals. Yeast extract, ATP, ADP, AMP, hexokinase (EC 2.7.1.1),
gicose-6-phosphate dehydrogenase (EC 1.1.1.49), malate dehydrogenase
{EC 1.1.1.37) were kindly supplied by Oriental Yeast Co. (Tokyo, Japan).
Acetyl-CoA, isocitric acid, citrale synthase {EC 4.1.3.7), and malate
synthase (EC 4.1.3.2) were products from Sigma (St. Louis, MO, U.S.A)).
All other chemicals used were guaranteed grade from commercial sources.

Bacterial strains, culture media, and growth conditions. Mesophilic acetic
aid bacteria*! used in this study were generously supplied by the Institute
for Fermentation, Qsaka (IFQ). Acetobacter methanolicus JCM 6891, a
methylotrophic acetic acid bacterium, was from the Japan Collection of
Microorganisms (JCM). Thermotolerant acetic acid bacteria belonging o
4. rancens subsp. pastenrianus. A. lovaniensis subsp. lovaniensis, A. aceti
subsp. figuefaciens, and A. xylinum subsp. xyliman were from Kasetsart
University, Thailand. All acetic acid bacteria were maintained on agar
slants, which were prepared by adding 15g of agar and 5g of CaCQ, to
the potato medium consisting of 5g of glucose, 20g of glycerol. 10g of
Yeast extract, 10 g of Polypepton. and 150 m! of potato extract’® per liter
of tap water.

Basal medium for seed culture contained 5g each per liter of glucouse,
Hycerol, yeast extract, and Polypepton in tap water and was sterilized
by autoclaving at 120°C for 30min. In a seed culture, ethanol and acetic
awid were added aseptically to 2% (v,v) and 1% (w/v). respectively. The
main culture medium was prepared by reducing the contents of yeast
xtract and Polypepton 1o 2g per liter while ethanol was increased to
#%. Seed culture was made under shaking on a rotary shaker at 200 rpm
U a reciprocal shaker at 120 strokes’min. Temperature and culturing
Peried are indicated in the legends of individual experiments. Te the main
Wlture medium in 2 jar fermentor (Mituwa Bio System, Kudamatsu,
]aPﬂn) or I liter medium in a 3-liter side-armed Erlenmeyer flask, 10%
of the seed culture was inoculated by aseptic transfer. Bacterial growth
¥as followed by measuring turbidity at 660nm by a photometer or
Measured by a Kilett-Summerson photoelectric colotimeter with a red
fter. In case of culture in a jar fermentor. agitation speed was set at

rpm and aeration was controlied to be 0.2 vvm.
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Selection of acetic acid bacteria capable of exidizing acetate. The tested
strains were inoculated into 1 mi of the potato extract medium in a 10-m|
test tube. The medium was supplemented by adding either 2 or 4% of
acetic acid, or 4 or 6% of ethano! or sterile coconut juice. The cultures
were statically incubated at 30°C or 37°C. After 3, 5, and 7 days of in-
cubation, several loopfuls of the cultures were streaked onto the YPG
agar plate (0.5g of yeast extract, 0.5g of Polypepton, 1.0g of glycerol,
0.5g of CaCQ,, and 1.5g of agar per 100 m! of medium) containing 3%
ethanol or a coconut juice agar plate containing 3% ethancl and 3mg of
bromocresol purple per 100 mi of medium. The colonies that appeared to
show halos on the YPG agar plate or yellow color on the coconut juice
agar plate, both indicating acid production, were isolated, After prolonged
incubation on a coconut juice agar slant for over 100 h, color changes of
bromocresol purple by alkaline reaction appeared along the clonies among
the tested strains indicating a potent acetate oxidation.

Preparation of crude enzyme solution. All operations were done at 4°C
unless otherwise stated. Cells were harvested by centrifugation at 3000 x g
for 10 min, and washed twice with ice-cold 0.1m Tris-HCI, pH 8.0. The
washed cells were resuspended at about 1g of wet cells per 2ml in the
same buffer and passed through a French pressure cell press (American
Instruments Co., Silver Spring. MD., U.S.A) at 16,000Lb/in®. After
cenyglugation at 9000 x g for 10min to remove intact cells, the super-
nata®, crude cell-free extract, was centrifuged at 68,000 x g for 90 min to
separate the cytosolic fraction from the cytoplasmic membrane.

Analyses. Acetic acid and glucose in the culture medium were measured
by a high pressure liquid chromatograph (HPLC, Hitachi, L-6000) using
a Shodex sugar column SH 1011 (8 x 300 mm) with 0.0l ~ H,80, as a
mobile phas¥ at a fow rate of 1 ml/min as described previously.'" A
refractometer (Hitachi, L-3300) was attached to the HPLC as a detector.
Acidity of the culture media was measured by titration with 0.5~ NaOH
using phenolphthalein as pH indicator. Ethanol'* and glycerol!? in the
culture medium were measured enzymatically.

Enzyme assays. Acetate kinase {EC 2.7.2.1) was measured by the
reverse reaction using acetylphosphate as the primary substrate in the
presence of ADP and inorganic phosphate as described by Nishimura and
Griffith.!* The ATP generated was measured by the coupling reaction
with hexokinase and glucose-6-phosphate dehydrogenase. Acetyl-CoA
synthetase (EC 6.2.1.1) was similarly measured by the reverse reaction
using acetyl-CoA as the primary substrate in the presence of AMP and
pyrophosphate under similar conditions as in the assay of acetate kinase.
The forward reaction of acetyl-CoA synthetase was measured by a pub-
lished method of Frenkel and Kitchens.'®! Phosphotransacetylase (EC
2.3.1.8) was measured by the reverse reaction using acetylphosphate
as the substrate under essentially the same conditions as described by
Klotzsch.'® [socitrate lyase (FC 4.1.3.1) was measured by the method
described by Yoshida er al.! ™ Malate synthase (EC 4.1.3.2) was measured
stepwise by two enzyme reactions. After malate was formed by reacting
glyoxylate with acetyl-CoA as described by Weitzman.'®! an aliquot of
the reaction mixture (0.1 ml} was taken as the substrate for malate
dehydrogenase (EC 1.1.1.37) at pH 10.0 in the presence of NAD and the
inttial rate of NADH formation was measured at 340 nm by a photometer.
Alcohol dehydrogenase {(ADH) (EC 1.1.99.8) and aldehyde dehydrog-
enase (AL.DH) (EC 1.2.99.3) were measured by the method described by
Ameyama'? using cytoplasmic membranes. In all enzyme assays used in
this study except for malate synthase, one unit of enzyme activity was
defined as the amount of enzyme catalyzing formation or consumption of
one umol of reaction product or substrate per min. All enzyme assays
wete done at 25°C unless otherwise stated. Protein content was measured
by a modified metaod of Lowry et af*® with bovine serum albumin as a
standard.

Results and Discussion
Selection of acetic acid bacteria having potent acetate
oxidation
Acetate oxidation, which causes the loss of acetic acid ir
the medium, was observed with many strains. 4. methanolicte
was selected from the strains of mesophilic acetic acic

*!1 To differentiate from the thermotolerant acetic acid bacteria from Thailand. the term. mesophilic, is tentatively used for the strains from 1FC
d 4. methanolicus. though all strains dealt with in this paper are typical mesophiles.
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1. Course of the Growth of Acetic Acid Bacteria and Acetate Oxidation.

bacterial strains A. rancens SKU L1111, A. rancens SKU 1106, 4. rancens SKU 1102, and 4. methunolicus were cultured on a medium containing 2% ethanel and 1%
acid. Incubation was done in a jar fermentor at 30°C for the period indicated. Closed triangles and open squares show ethanol and glucose in the culiure medium.

teria. Among the thermotolerant acetic acid bacteria

i more than 60h. After 100h of cultivation, the concen-
tion of acetic acid in the medium rapidly decreased
iprocally to the increase in turbidity of culture medium,
fowing the second stationary phase of the growth caused
fa complete exhaustion of acetic acid accompanied with
ime pH shift, such as from pH 2.8 to 3.5 (data not shown).
ey showed a typical biphasic growth. The course of
#itose consumption observed with A. rancens subsp.
fteurignus SK1J 1111 was plotted in Fig. 1. A peak of
#eose disappeared from the chart paper of HPLC when
*cked with the culture medium at the beginning of the
wond stationary phase. Glycerol dehydrogenase activity
B8 not ¢ tected with the same culiure medium (data not
Wn). Glucose and glycerol in other cultures were also
fuced to have been exhausted before the second growth
N to the early stationary phase.

'COnlrary, as can be seen in Fig. 2, a single phase of
FWth was extensively observed with the strains from 1FO
‘ }}Out significant acetate oxidation, even though the
RUvation was prolonged for more than 170 h. Acetic acid
gimulated in the culture medium was maintained at a

e circles indicate acetic acid in the culture medium. The bacterial growth was expressed by measuring turbidity {closed squares).

bm Thailand, 35 of 129 strains showed potent acetate A aceli IFO 3284 _
idation. Three strains of 4. rancens subsp. pasteurianus 3t Aceticacid 1300
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fowed the final acetic acid accumulation to be 3%. They e 0 ol e E
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pase after ethanol exhaustion at about 20 to 40h of
Alttvation. The first stationary phase lasted subsequently °0 4'6- --8'0 . Pt 20:
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Fig. 2. Course of Mesophilic Strains of Acerobacter in Vinegar Fer-
mentation.

The composition of the cufture medium and culture conditions were essentially the
same as the case in Fig. 1. A. aceti IFQ 3284, A. aceti IFO 3283, and A rancens
[FO 3298 were used for the experiment as indicated. Closed trizngles and open circles
indicate ethanol remained and acetic acid accumulated. respectively. Closed squares
indicate the bacterial growth.

constant level throughout the experiment. Glycerol is a
better carbon svurce for the bacterial growth than glucose
in genus Acetobacter,® since the EMP pathway and the
TCA cycle have a normal function in Acetobacter,'’ unlike
the genus Gluconobacter in which the TCA cycle functions
incompletely. Other available carbon sources that might
come from yeast extract and Polypepton must have been
consumed similarly, The second bacterial growth seems to
take place by consuming acetic acid exclusively. The latest
issue of Bergey's Manual of Systematic Bacteriology®
indicates that all strains belonging to the genus Acetobacter
use acetic acid as a carbon source. Acetyl-CoA synthetase
and also isocitrate lyase, which are enzymes directly related



to acetate use, might be regulated by the balance of carbon
sources available, as discussed later. Anyway, it is interest-
ing to check what kinds of expressional regulation in acetate
oxidation are valid in the genus Acetobacter.

Effects of initial ethanol concentration on acetate oxidation

It is important to check the effects of initial ethanol
concentration on acetate oxidation. Growth curves of A.
rancens subsp. pasreurianus SKU 1111 and A. methanolicus
were measured in the presence of different initial concen-
trations of ethanol as shown in Fig. 3. In the figure, the
course of acetic acid fermentation is followed only by
growth curves of individual organisms. However, it was
confirmed that the initially added ethanol had already been
converted to acetic acid by the end of the first exponential
phase (20 to 40h of incubation) as deduced from the data
shown above. It is very interesting to see that the growth
curves became biphasic when the initial ethanol concentra-
tion was limited below 3%. This means that acetate oxida-
tion must take place if the amounts of acetic acid ac-
cumulated is controlled to be less than 3.7%, though the
length of the first stationary phase depends on the initial
ethanol concentration. Thus, beginning of the second
growth was delayed more with 3% ethanol than with 1%
or 2% of initial ethanol concentration. Growth curves
observed with 4% and 5% of ethanol showed no second
stationary phase, though A. rancens subsp. pasteurianus
SKU 1111 is a typical acetate oxidizer (Fig. 3A). If vinegar
mash allows to accumulate the final acetic acid concentra-
tion to more than 4.5%, any serious acetate oxidation
would no lenger occur, even if it is incubated with a potent
acetate oxidizer. Similar results were also observed with
A. methanolicus as shown in Fig. 3B. Similarly to the case of

500
{A) A rancens SKU 1111

aoo | =
300

200

Turbidity (Klett scale)

300

200

100

Turbldity (Klett scale)

Fermentation period (h)

Fig 3. Effects of Inttial Ethanol Concentrations on Acetate Oxidation.

4 fancens SKU 1111 was incubated under various initial concentrations of ethanol
Bindicated. Incubation was done in 1 liter medium in a jar fermentor at 30°C for

 period indicated. 4. methanolicus was incubated under the similur conditions as
A rancens SKU 1111,
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A. rancens subsp. pasteurianus SKU 1111, A. methanolic
showed acetate oxidation when incubated with 1% and 2°
ethanol in the presence of initially added 1% acetic aci
The growth curve observed with 3% initial ethanol conce
tration showed a single phase of growth, which means tt
final concentration of acetic acid came to nearly 4%, eve
though the turbidity went up gradually after prolonge
incubation, over 160 h. The growth curve obtained with 4¢
ethanol gave a single phase throughout the experimen
Judging from the combined data, these results strong
support the conclusion that the critical point for aceta
oxidation exists between 3.7% and 4.5% of acetic ac
accumulated. At the moment, it is unclear what kinds «
regulation occur in the presence of more than 4.5% acet
acid. One speculation can be proposed, that the accum
lated acetic acid in the culture medium can exist as tw
forms, dissociated and undissociated. If the undissocia
ed form of acetic acid increases, it can be out of the med
ated transport system and diffuse through the bacteri
membrane, causing inhibitory to bacterial respiration.

Effects of initial concentrations of acetic acid and ethanol «

acetate oxidation

A question arose whether acetate oxidation is controlle
by the initial ethanol concentration. Different combinatio:
of acetic acid and ethanol allowing 3% for the final acet
acid accumulation were added at the initial stage of grow
of A. rancens subsp. pasteurianus SKU 1111. As can |
seen from Fig. 4, the initial ethanol concentration gave
significant effect to the length of the first lag phase. Whe
ethanol was added to 1.5% and acetic acid to 1.5%, tl
length of the first stationary phase lasted for nearly 1001
and when the initial ethanol concentration gradual
decreased to 1 to 0.5%, the length of the first stationas
phase also became shorter. The first stationary phase almo
disappeared when tested with the combination of 2.5°
acetic acid and 0.5% ethanol. On the other hand, whe
3% acetic acid was administrated as available carbon an
energy sources, exhaustion of acetic acid appeared afis
120h of incubation. These results indicate that a sma
amount of readily usable energy source, ethanol in th
case, has an important role in the initiation of aceta
oxidation. Te check the role of ethanol in acetate oxidatios
an additional experiment was done as shown in Fig. 5. T
the medium containing acetic acid, ethanol was added 1
0.2% during the course of acetate use. It was shown clear
that the addition of a small amount of energy sour
increased acetate usage allowing the bacteria to grow ¢
the medium. It can be suggested that ethanol plays a
important role as oxidizable substrate generating energ
that supported the initial part of microbial growth in
stage where the TCA cycle and NADH dehydrogena:
system are not predominant.?°~ ¥

In all experiments so far described in this paper, bacteri:
growth was followed by reading the turbidity of the cultu
medium as a reference to cell number. As has been reporte
by Takemura er a/.,** it must be noted that the turbidit
does not mean the total viable cells. Different from tho:
used by Takemura er al.,2¥ the acetic acid bacteria used ;
this study were always exposed to acidic conditions, at leas
in the presence of 1% acetic acid. The wviable cell cou
experiments during the culture showed a good accordanc
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5. Effects of Readily Usable Energy Source as a Starter for Acetate
ation.

fncens SKU 1111 was incubaled in a medium containing 3% acetic acid as
B and energy sources. To the culiure medium. 0.2% ethanol was added
fly as indicated. Incubati8n was done in a jar fermentor in 1 liter of the main
medium, In this figure, acetate concentrations {open circles) and bacterial
a3 turbidity (closed squares) are shown, Ethanol concentrations are not
. Top frame, ethanol was added when incubation was started. Middle frame,
| was added after 51 h incubation. Bottom frame. control (ethanol was not
lhrmlghoul the incubation).

hthe course of turbidity (data not shown). The majority
te cells in the first stationary phase showed acid toler-
% and grew on a plate containing 3% of acetic acid,
the acid tolerance decreased very much with the cells
the second stationary phase. The physiological
Tties of acetic acid bacteria might have been much
ged yielding two different cell types in the two growth
$ (M. Taniguchi er al.. unpublished observations). In
Previous data, a change of the culture conditions. from
€10 shaking or vice versa, results in a change of the
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4, Effects of Initial Concentrations of Acetic Acid and Ethanol on Acetate Oxidation.

mncens SKU 1111 was incubated with various combinations of acetic acid and ethanol as indicated. A2.0+ E1.0 means that acetic acid and ethanol were initially added
20% and 1.0%, respectively. The fate of acetic acid (open circles) and changes in bacterial growth measured by the turbidity (closed squares) were followed for the
d as indicated. Incubation was done in a jar fermentor in 1 liter of the main culture medium in which the concentrations of acetic acid and ethanol varied as indicated.

cell type, which is related to the change in the terminal
oxidase from cytochrome a, to cytochrome o in A. aceti.?®
The cell types from the two different stationary phases have
to be differentiated to identify the cells.

Enzyme activities in acetate oxidation

Since many isolated strains showed acetate oxidation
extensively, it was important to see what kind of enzyme
activity is increased in acetate oxidation. In addition to
acetyl-CoA formation via pyruvate dehydrogenase com-
plex through catabolism of carbon sources, acetyl-CoA is
formed by two different ways from acetate. One route is a
direct acetylation of CoA catalyzed by acetyl-CoA syn-
thetase as shown in Fig. 6. Acetyl-CoA formation by a
coupling reaction of acetate kinase and phosphotrans-
acetylase is an alternative route. Acetyl-CoA thus formed
is then combined with oxaloacetate to form citric acid and
incorporated spontaneously into the TCA cycle. Another
route of acetyl-CoA assimilation is seen in malate forma-
tion by combining with glyoxylate from isocitrate by the
action of isocitrate lyase.

The enzyme activities concerning acctate oxidation were
assayed with the enzyme solutions prepared from “young
cells” and “‘aged cells” of A. rancens subsp. pasteurianus
SKU 1111 as shown in Table. The young cells were har-
vested from the main culture medium after 60h of in-
cubation that corresponded to the early stage of the first
stationary phase. On the other hand, the aged cells came
from 180h of incubation corresponding to the second
stationary phase. It was very interesting to see that there
were no significant increases in enzyme activities of acetate
kinase and phosphotransacetylase between the two types of
cells, while the enzyme activitics of acetyl-CoA synthetase
and isocitrate lyase were significantly increased in the aged
cells. Thus, acetic acid accumulated outside the cells might
have been used directly as a substrate for acetyl-CoA
synthetase followed by incorporation of resulted acetyl-
CoA into the TCA cycle and glyoxylate cycle. Malate
synthase also became clearly detectable in the cell-free
extract from the aged cells, though the enzvme assay was
rather qualitative in this study. As can be readily guessed
from the growth curves in Fig. 2, no significant data
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6. Metabolic Pathways of Oxidative Assimilation of Acetate into
TCA Cycle and Glyoxylate Cycle via Acetyl-CoA.
enzymes concerning in acetate oxidation are abbreviated in the figure. ACK.

pate kinase; PTA, phosphotransacetylase; ACS, acetyl-CoA synthetase; 1CL,
poitrate lyase; MLS, malate synthase.

hMe Enzyme Activities in Acetate Oxidation

Celi-free extracts were prepared from two different growth phases of
rancens subsp. pasteurianus SKU 1111 grown on the main culture
edium. The “young cells” were harvested after 60h incubation of
Jich turbidity was 163 in Klett vnits. The growth phase of the cells
essponded to the early stationary phase in which ethanol in the culture
ofium was consurmed completely. The “‘aged cells’”™ were from 180h of
rubation with 410 Klett units, which corresponded to the stage in which
ptic acid in the culture medium was altmost all consumed.

Enzymes Young cells Aged cells
(U/mg) (U/mg)

Acetate kinase 0.03 0.03
Phosphotransacetylase 0.02 0.03
Acetyl-CoA synthetase nd 0.01
Isocitrate lyase nd 0.01
Malate synthetase nd +

ADH 2.30 0.87
ALDH 1.45 0.86

, not detected.
Malate synthetase in the aged cells is expressed as +, because the
action was done stepwise as mentioned in Materials and Methods.

pdicating acetate oxidation was obtained with 4. aceti IFO
84 (data not shown). Smith and Gonsalus®® suggested
lier that isocitrate lyase was induced in 4. aceti when it

grown on aceiate as the sole carbon source but not
A glycerol. Many other examples indicate that, in the
iCtoorganisms grown on acetate. the enzyme levels of

! reased‘Z'f-'ZQ)

Different from other bacteria that cannot oxidize ethanol
® acetic acid directly. several interesting points in acetate
Mdation by acetic acid bacteria can be indicated. Enzyme
Wities of ADH and ALDH were also compared between
¢ two different cells. Enzyme activities of ADH and
A -DH from the young cells were much higher than those
BOm the aged cells (Table). It can be readily expected that
planol was already consumed from the culture medium
2N the aged cells were harvested and thus ADH and

i

AL SAEX! el al

ALDH would have no physiological roles in the cells any
longer. Alternatively, the decrease in specific activity of
ADH and ALDH in the aged cells would reflect the increase
of ADH-deficient mutants in the prolonged cultures as
reported by Takemura et al?* They found a novel inser-
tion sequence, IS/380, causing genetic instability that
produced spontaneous mutants at high frequency that were
deficient in ethanol oxidation because of the loss of ADH
activity. To check the possibility of occurrence of such as
IS element, the total DNA was extracted with the acetic
acid bacteria from Thailand and analyzed by hybridization
with ES/1380 DNA fragment to investigate the distribution
of the insertion sequence. Among the 129 isolates, 36 iso-
lates showed the hybridization signals with the IS7380
DNA probe both on the chromosomal and plasmid bands.
However, no hybridization with 1§/380 was observed with
the strains used in this study, 4. rancens subsp. pasteurianus
SKU 1102, SKU 1106, and SKU 1111 (G. Theeragool
et al., unpublished observations). Recently, Matsushita
et al.*® reported the formation of inactive ADH when
G. suboxydans was grown in acidic and high-aeration
conditions. It is interesting to see that a similar phenomenon
can be observed in 4. aceti.

From the observations in this study, another interesting
question carfie up, whether the metabolic activities and
physiological characteristics are identical between the
young cells and the aged cells. It is also exciting to check
why there is such a strict change in cellular characteristics,
for examples, the young cells are ethanol tolerant as well as
acetic acid tolerant while the aged cells are rather sensitive
to ethanol and acetic acid (K. Matsushita er al., unpub-
lished observations). This is strongly related to the facts
that ethanol oxidizing cells are predominant in earlier
growth phase and acetate assimilating cells are abundant
in the second stationary phase. Since acetic acid bacteria
are well known to be readily mutated during cultivation by
extrachromosomal elements such as insertion sequences,**
it reatly sounds like this might lead us to outstanding find-
ings in microbial physiology by pursuing this interesting
phenomenon.

The acetate oxidation by many strains of Acetobacter
shows many exciting aspects in biochemistry of carbohy-
drate as well as in energy metabolism in aerobic bacteria,
because ethano! is the primary substrate and acetic acid is
the direct oxidation product by the organisms. Enzymes
involved in the acetate oxidation are not strengthened while
ethanol remains in the culture medium and the oxidative
fermentation yielding acetic acid becomes predominant.
However, once ethanol is gone from the culture medium,
the enzymes related to acetate oxidation including the
enzymes in the TCA cycle become predominant, and oxidize
acetate to carbon dioxide and water, which brings the cells
to the phase of acetate anabolism. Thus, it is obvious that
ethanol is the key substrate for metabolic transduction
from oxidative fermentation to respiration. What has
been discussed about the results obtained in this study 15
completely different from the methanol oxidase system in
methylotrophic bacteria,?” in which formaldehyde is
directly fixed to either serine or hexulose-phosphate-.

With respect to acetate oxidation, further screcning to
isolate a thermotolerant strain which shows no serious
acetate oxidation like some mesophilic strains has to be



i would be helpful to stabilize the coconut vinegar
ation without any loss of acetate. On the other hand,
qet enzymes activated in acetate oxidation must be
od to be acetyl-CoA synthetase and isocitrate lyase.
int would require comparison by means of mRNA
jor the enzymes, when the organism is growing at the
owth phase and in the second phase.
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In this study, 129 isolates of acetic acid bacteria from various fruits in
Thailand and 14 IFO strains from Japan were characterized for some important
physiological and genetic properties. Thermotolerant strains were selected from
the isolates grown in potato medium at 40°C with vigorous shaking and 51 of
129 isolates were classified as thermotolerant strains. The toleration to ethanol
and acetic acid was analyzed in the medium containing either 8% ethanol or 3%
acetic acid at 30 and 37°C. Only 14 isolates from Thailand could grow in the
medium containing 8% ethanol at 37°C whereas none of IFO strains could grow
under the same condition. Analysis of plasmid profiles showed that most of the
new isolates harbor many small plasmids inside the cells ranging from 1 to >10
plasmids. Distribution of insertion sequence, IS 7380, inserted into subunit II of
quinoprotein alcohol dehydrogenase was analyzed from Southern hybridization
of the total DNA with peroxidase-labeling DNA fragment containing IS/380 .
The results showed that among 129 isolates and 14 IFO strains, 19 isolates and 5
IFO strains, respectively, shéwed strong hybridization signals with the [S7380
DNA probe both on the chromosomal and plasmid bands. Plasmid curing of the
selected isolate, identified as Acetobacter pasteurianus SKU108, was done and
the obtained three curants show similar growth characteristic to the parent strain

except slightly low productivity of acetic acid.



Acetic acid bacteria are classified into 4 genera, Acetobacter, Acidomonas,
Frateuria and Gluconobacter, according to their slight differences in some
physiological characteristics.'” Acetobacter is extensively used as a strong acetic
acid producer for vinegar fermentation for a long time due to its ability to oxidize
ethanol to acetaldehyde and further oxidize acetaldehyde to acetic acid.>?
Industrial acetic acid production by a continuous submerged culture of
Acetobacter requires precise control of fermentation temperature and a slight
increase in the temperature causes a remarkable decrease in fermentation rate and
yield of acetic acid. To minimize the cost of cooling system for maintenance the
optimum temperature (normally 30°C) as well as to maximize the yield of acetic
acid production, the thermotolerant strains with high resistances to ethanol and
acetic acid are of interest.”” Another serious problem frequently occurred in
vinegar fermentation is an acetate oxidation converting acetate to CO, and H,0.*
However, very little is known about the physiological and genetic background of
thermotolerance and resistance to both ethanol and acetic acid.

Loss of acetic acid resistance and ethanol oxidizing ability were found in
Acetobacter>'? Later, it was reported that the ethanol oxidizing ability in A.
pasteurianus was lost due to the insertion of insertion sequence, IS7/380, into the
cytochrome ¢ subunit of quinoprotein alcohol dehydrogenase.'” Moreover, this
isertion sequence was detected at high copy numbers in several strains of acetic
acid bacteria. It was suggested that this sequence may be associated with genetic

instability in some strains. A family of IS/03/ elements including IS1032 was



reported to be involved in inactivation of cellulose and exopolysaccharide
production in A. xylinum.'>'¥ Recently, two new insertion sequences designated
as IS1452 and 1S12528 from A. pasteurianus and G. suboxydans were found to
be associated with inactivation of the quinoprotein alcohol dehydrogenase by
insertion in the adhS and adhA encoding subunit I1I and subunit I,
respectively.'>®

Many attempts have been done to clarify the genetic systems of acetic acid
bacteria. Distribution of plasmids was studied in several strains isolated in

' and several cloning vectors have been constructed.'¥¥

Japan'” and German
Gene transfer techniques such as conjugation,™?® transformation®” and
electroporation®® have been developed. In order to study the role of plasmid
found in bacteria, several plasmid curing experiments using elevated growth
temperature and certain chemicals have been reported.?” Addition of sodium
dodecyl sulfate (SDS) into the culture medium of Staphylococcus aureus caused
a loss of plasmid carrying penicillinase activity.*® Glucose oxidation system in
G. oxydans ATCC9337 was inactivated due to the loss of plasmid by mitomycin
C.*" Moreover, novobiocin and acridine orange were used successfully for
plasmid curing in Lactobacillus pantarum,* and Bacillus cereus BIS59.>?

In an attempt to study growth characteristic and clarify the genetic
variation including a role of plasmids found in thermotolerant acetic acid

bacteria, growth at various conditions, plasmid profile, distribution of insertion

sequence, 1S7380 and plasmid curing of the selected isolate were investigated.



The obtained curants were characterized for their growth characteristic and cell

morphology compared to a parent strain,

Materials and Methods
Chemicals, buffers, and enzymes. All chemicals used in this study were
analytical grade obtained from the commercial sources. A Southern hybridization

kit was ECL direct nucleic acid labeling and detection systems of Amersham

Life Science. An Nt nylon membrane was also a product of Amersham Life
Science. Restriction enzymes were obtained from Takara Shuzo Co., Ltd. SDS

and acridine orange were obtained from Wako Pure Chemical Industries, Ltd.

Media and bacterial strains. Several kinds of the media were used in this
study according to the purposes of each experiments. Potato medium (1% yeast
extract, ! % polypeptone, 2% glycerol, 0.5% glucose and 15 ml of potato extract)
was used for general cultivation and stock cultures. Seed culture medium { 0.5%
yeast extract, 0.5% polypeptone, 0.5% glycerol, 0.5% glucose and 1.5% agar for
agar plate) was used for studying on toleration to acetic acid and ethanol. YPA
medium (0.2% polypeptone, 0.3% yeast extract, 1% acetic acid and 0.5%
ethanol} was used for studying overoxidation of acetic acid.

Acetic acid bacteria used in this study were isolated from various fruits in
Thailand and obtained from the Institute for Fermentation, Osaka (IFO). The

cultures were maintained both on potato agar slant and in 50% glycerol.



Growth of acetic acid bacteria. A preliminary characterization of 129

isolates from Thailand and 14 strains from IFO were done as the following items:

(1) colony type and ability for acetate oxidation, (ii) growth at 40°C, (i11) growth

in medium containing 3% acetic acid, and (iv) growth and halo formation in
medium containing 8% ethanol. Growth at 40°C was observed in potato medium

incubated at 40°C with vigorous shaking for 3 days. Overoxidation of acetic acid
by the isolated strains were observed both from blue colonies grown on seed
culture medium containing 1% ethanol and 0.003% bromcresol purple and the
growth in the YPA medium. Toleration to acetic acid and ethanol were done in

seed culture agar containing either 3 % acetic acid or 8% ethanol, respectively.

The cultures were incubated at 30 and 37°C, for 3 days in the case of acetic acid
toleration and 1 day for ethanol toleration. In addition, CaCQO; was added into the
medium containing 8% ethanol for detection of ethanol oxidizing ability to acetic

acid yielding halo around colony.

Isolation of plasmid DNA. Plasmid DNA was isolated from the cells grown

¥ with some

in potato medium at 30°C for 24 hr by the method of Birmbom
modifications. The cell suspension was treated with lysozyme prior to alkaline
hydrolysis and finally the nucleic acid precipitate wés treated with RNase A
followed by precipitation with polyethylene glycol 6000 and ethanol,

respectively, CTAB (cetyltrimethyl ammonium bromide) was added to the

sample containing polysaccharides before phenol extraction. The plasmid DNA



solutions were analyzed in 0.9% agarose gel electrophoresis. The gel was stained
in 500 ml of 1xTAE buffer containing a few drops of ethidium bromide for 10
min and destained in water for a few minutes. The DNA bands were detected
under UV light at the wavelength of 256 nm. The photographs were taken from a
polaroid camera. After photography, the gel was destained again in water to
remove ethidium bromide as much as possible before performing the Southern

transfer.

Detection of insertion sequence, 1S1380. The total DNA was transfered

from agarose gel to a nylon membrane N*via  Southern transfer in 20xSSC and
hybridized with peroxidase labeling IS/380 DNA probe. A structure of 1.1 kb
DNA fragment carrying IS7/380 was shown in Fig. 1. The hybridization reaction
was carried out at 42°C overnight by gentle shaking in hybridization buffer
containing 0.5 N NaCl and 5% blocking reagent. After hybridization, the nylon
membrane was washed in primary wash buffer (0.1xSSC and 1%SDS) at 55°C
for 2x10 min. Discard the primary wash buffer and place the membrane in a
fresh container and wash with secondary wash buffer at room temperature for
2x5 min. The membrane was dried and the signal was detected by covering with
detection buffer and autoradiographed with an X-ray film.
< R 9. 1
Plasmid curing and characterization of curants. A plasmid curing was

carried out in A. pasteurianus SKU108 harboring at least 5 plasmids of 2.3, 3.7,



6.9, 12.5 and 14.3 kb (unpublished data). This 1solate was selected for further
study due to its high productivity of acetic acid at high temperature.” A
preliminary experiment for determination of the suitable concentration of SDS,
the bacterial cell was grown in potato medium containing 0.5-8.0 mg/ml of SDS.

Twenty U of overnight culture was inoculated into 2.0 ml of potato medium. The

culture was incubated at 30°C with vigorous shaking for 24 hr followed by
spreading 0.1 m! of culture broth onto potato agar plate containing 0.5% CaCO,
and 4% ethanol. Plasmid DNA was extracted from selected colonies grown in
various concentrations of SDS. The plasmid patterns obtained from those
colonies indicated that 2.5 mg/ml SDS caused a loss in some plasmids. One of
the colonies lacking some plasmids was further cultivated in the same medium
containing 2.5 mg/ml SDS for 10 passages by transfering bacterial culture to new
medium everyday for 10 days. Several curants with few plasmids were obtained
and one of those curants was further cultivated in potato medium containing 10
g/ml of acridine orange for another 10 passages similar to SDS treatment.
Finally, three curants causing a complete loss of plasmid were obtained. All of

them were examined for the following items: (1) growth on potato agar
containing 4% ethanol at 30°C, (ii) growth on potato agar at 40°C, (iii) growth
on seed culture agar containing 8% ethanol at 37°C, (iv) growth on seed culture
agar containing 3% acetic acid at 30°C, (v) electron microscopic appearance, and

(vi) time course of acetic acid production at 30, 37, and 40°C.



Results

Characteristics of newly isolated acetic acid bacteria

From various kinds of fruits in Thailand, 129 isolates of acetic acid bacteria
were obtained. Preliminary study of those strains and the IFO strains were done
as illustrated in the Materials and Methods. A list of the newly isolated strains
and their characteristics were shown in Table 1. Most of the new isolates (100
from 129) grew as smooth colony and acetate oxidation which caused a loss of
acetic acid in the medium were observed in many isolates. Usually, smooth
colony is a typical colony type of acetic acid bacteria whereas rough colony
indicates ability of polysaccharide or cellulose production. Almost all of the

rough colonies could not grow in the medium containing 3% acetic acid both at

30 or 37°C indicating low ability in acetic acid resistance which is a
characteristic of cellulose producing strain (A. xylinum). A clear difference of
thermotolerant growth was observed in the medium containing 8% ethanol and
0.5% CaCO, since many isolates from Thailand could grow and produce halo
(ability of ethanol oxidation to acetic acid) at which none of IFO strains could

grow under these conditions. Fifty-one of 129 isolates and 8 of 14 IFO strains
could grow at 40°C. However, only 2 isolates identified as A. pasteurianus

SKU108 and SKU112 could grow at 40°C and showed normal accumulation of
acetic acid in the medium. Moreover, about 50% of the new isolates could grow

in the medium containing 3% acetic acid, at which only three IFO strains, A.
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rancens IFO3298, A. aceti IFO3299 and G. sphaericus IFO12467 showed a
growth under these conditions.
< Table 4

Plasmid profiles and distribution of 151380 sequence

Plasmid profiles of all isolates were investigated from plasmid DNA
analyzed in 0.9% agarose gel electrophoresis. The plasmid profiles of all isolates
and the distribution of IS7380 were shown in Fig. 2. The results showed that 110
of 129 new isolates and 11 of 14 IFO strains contained multiple species of small
plasmids varying from 1 to more than 10 plasmids inside the cells. The size was
varied from less than 1 kb to more than 40 kb (unpublished data). Distribution of
1S1380 investigated by Southern hybridization of total DNA with 1S/380
showed that 19 new isolates and 5 IFO strains possessed the strong positive
hybridization bands both on chromosome and plasmids as summarized in Table
2. Most of the clear hybridization signal was observed at the chromosome. The
results implicated that IS/380 is distributed with relative high frequencies among
the acetic acid bacteria both isolated from Thailand and Japan. However, no
hybridization signal with IS7/380 was observed with A. pasteurianus SKU108
and other thermotolerant isolates suitable for vinegar fermentation at high
temperatures.

< \:12 P

< Table 2
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Plasmid curing and growth characteristic of curants

A preliminary experiment on plasmid curing by addition of SDS in the
culture medium indicated that the suitable concentration of SDS for plasmid
curing in A. pasteurianus SKU108 was 2.5 mg/ml. However, the curants
harboring no plasmid could not be isolated from SDS treatment for 10 passages.
The colonies lacking some plasmids were obtained and one of them was further
cultured in the potato medium containing 10 pg/ml of acridine orange for another
10 passages. At this time 3 curants designated as no. 85, 86 and 87 harboring
none of those 5 plasmids were obtained (Fig. 3). All of these curants showed
similar growth characteristic to the parent strain under the following conditions:
(i) growth on potato agar containing 4% ethanol at 30°C (Fig. 4A), (ii)
thermotolerant growth on potato agar at 40°C (Fig. 4B), (i11) growth on seed

culture agar containing 8% ethanol at 37°C (Fig. 4C) and (iv) growth on seed

culture agar containing 3% acetic acid at 30°C (Fig. 4D). Electron microscopic
appearance of the parent strain and curants shown in Fig. 5 indicated no
significant difference in cell shape and size. Both curants and parent strain

appeared as coccobacilli or short rod with no flagelia. However, time course of
acetic acid production at 30, 37 and 40°C shown in Fig. 6 implicated a slightly
low productivity of acetic acid by curant no. 86. At 30 and 37°C, a maximum

level of acetic acid was obtained at 2 days incubation while at 40°C, 3 days
cultivation was required for maximum acetic acid production. However, after 4

days of incubation at 40°C, the level of acetic acid accumulated in the culture
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medium was decreased due to the evaporation of acid at high temperature which

can be easily noticed by the acidic smell inside an incubator. < ! 9. 3
< Ft‘ﬂ .4
Discussion < F‘\ﬂ -5

< F:fg b

Thermotolerant acetic acid bacteria play an important role in vinegar
fermentation because of its ability to grow and produce acetic acid at high
temperature at which production by mesophilic strains will be dramatically
decreased.®” The results of the preliminary study of thermotolerant strains
isolated from Thailand compared to the mesophilic strains from IFO listed in
Table 1, indicated the difference in growth characteristic. It was clear that
thermotolerant growth in the presence of high acetic acid and ethanol
concentration was the outstanding characteristic of the strains isolated from
Thatland. The upper limit of the initial acetic acid concentration was found at
3%(unpublished data) and at least 35 new isolates could grow under these
conditions both at 30 and 37°C. In most case, acetic acid was added to 1% to the
culture medium for vinegar fermentation so the strain with high toleration to
acetic acid will be favorable choice for industrial vinegar fermentation.
Investigation for toleration to initial ethanol concentration was also one of
important criteria for selection of industrial vinegar producing strains.
Observation of colony morphology indicated that several isolates grown as

irregular type or rough colonies showed high potential of polysaccharide or

13



cellulose biosynthesis. However, almost all of these isolates possessed low
toleration to acetic acid similar to A. xylinum.

In addition to different growth characteristic of the new isolates compared
to IFO strains, analysis of plasmid profiles and distribution of insertion sequence,
1S1380 in those strains also indicated a variation in genetic background of the
tested strains (Fig. 2). Most of multiple species of plasmids found in those
isolates appeared as clear bands in agarose gel electrophoresis, which might
implicate that those plasmids are multicopies plasmids. These plasmids may be
involved in the genetic instability in acetic acid bacteria according from their
incorrect partitioning and conjugative transfer as has been previously reported in
A. xylinum.*® However, several small plasmids appeared as clear bands and
possessed high stability such as a 2.3 kb plasmid found in A. pasteurianus
SKU108, may be most suitable for further construction and usage as a cloning
vector in acetic acid bacteria. In addition to the instability of plasmids,
distribution of insertion sequence, IS1380, in the tested strains was believed to be
one of the factors causing genetic instability in acetic acid bacteria. As it has
been previously reported that insertion of IS7380 into cytochromeC subunit
(subunit IT) of quinoprotein alcohol dehydrogenase was involved in the loss of
ethanol oxidizing ability.'"” The results from this study also indicated that 1S7380
was clearly detected in at least 19 new isolates and 5 IFO strains. It was clearly
showed that all of the strains from IFO harboring IS/380 could not grow on a

medium containing 8% ethanol at which some of the new isolates harboring

14



IS1380 could grow under the same condition. On the other hand, the new isolates
carrying IS1380 could not grow in the medium containing 3% acetic acid at
which some IFO strains could grow (Table 2). The difference in growth
characteristic of the strains carrying IS1380 might due to the different insertion
sites 1nto the chromosome or plasmids. Moreover, the occurrence of several
insertion sequences previously reported in A. xylinum,'*"¥ G. suboxydans,'® and

13 might implicate a possibility of a new insertion sequence

A. pasteurianus
carrying IS7380 homologous in certain new isolates showing different growth
characteristic. -
It appears that at least five plasmids found in A. pasteurianus SKU108
were not directly involved in growth characteristic under the studied conditions.
This conclusion was derived from the results obtained from a plasmid curing
experiment using SDS and acridine orange as curing agents. The obtained
curants from A. pasteurianus showing the same growth and acetic acid
production characteristics are of interested strains for quinoprotein alcohol
dehydrogenase gene cloning to increase productivity of acetic acid fermentation
at high temperature. However, one curant (no. 86) showed a slightly low acetic
acid production at 30, 37 and 40°C. This might be an evidence of some unknown
effects of SDS and/or acridine orange not only on plasmids DNA but also on

chromosomal DNA. Another possibility may be an induced mutation occurred in

this isolate caused by chemical mutagens used for plasmid curing.” Further

15



studies are required for elucidating the differences in genetic background of the

three curants.
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Table 1. Growth characteristic of acetic acid bacteria isolated in Thailand and IFO strains.

Colony/  Growth Growth in 3% acetic acid Growth in 8% ethanol/Halo
Code Sources Over- at 40°C 30°C 37°C 30°C 37°C

oxidation (72 hr) {72 hr) (72 hr) {24 hr) (24 hr)
SKUI banana Sm/+ - + + -l /-
SKU2 banana Rol/- ++ - - +/- +/-
SKU3 banana Sm/- - + + -/- -f-
SKU4  banana Ro/- ++ - - +/+ -f-
SKU5  banana Ro/- ++ - - +H+ -/-
SKU6 ©  banana Ro/- ++ - - ++ -/-
SKU7 banana Sm/- - ++ ++ ++++ -1-
SKU8  banana Sm/- + ++ ++ ++/+ 4+
SKU9 banana Sm/- - ++ ++ -+ ++ -/~
SKU10 banana Rof- ++ - - -1 A
SKU11 banana Ro/- - - - +++ -/
SKUI2 banana Rof/- ++ - - +++ -/-
SKU13 banana Sm/+ - - - +/++ -/-
SKU14 banana Ro/+ ++ + + ++/++ -/-
SKUI5 guava Sm/+ - ++ 4+ i+ -
SKU16 guava Sm/+ - ++ ++ ++/++ -/~
SKU17 guava Sm/+ - ++ i+ +/++ -I-
SKUI8 guava Sm/+ - + + ++/++ -/~
SKU19 guava Sm/+ - + + +H 4+ -/~
SKU20 guava Sm/+ - + + PRV -f-
SKU21 guava Sm/+ - + + A+ +H+
SKU22 guava Sm/+ - + + 4+ -f-
SKU23  guava Ro/+ ++ + + ++ +H+
SKU24  guava Ro/+ - - - -+ -
SKU25 guava Sm/+ - ++ ++ -/- /-
SKU26 guava Rof+ ++ - - -/- A
SKU27 guava Smy/- - - - S+ +H+
SKU28 guava Sm/- - - - o+ ++
SKU29 guava Sm/- - - - -f- /-
SKU30 guava Ro/- + + + ++/+ -f-
SKU31 guava S+ - - - - -l
SKU32 guava Sm/+ ++ - - -/- /-
SKU33 guava Smy/- + + + ++++ ++++
SKU34 guava Ro/+ ++ - - +++ ++
SKU35 rambeh Rof+ ++ - - -/ /-
SKU36 rambeh Sm/- + + + ++ ++ /-
SKU37 rambeh Sm/- + + + ++/++ A
SKU38 rambeh Sm/+ ++ + + ++ +-
SKU39 rambeh Sm/+ ++ - - - -
SKU40 rambeh Sm/- + + + - /-
SKU41 rambeh Sm/+ - - - +H+ +/-
SKU42  pineapple Sm/+ - + + ++/++ ++
SKU43  pineapple Smy- - ++ ++ ++++ At
SKU44  pineapple Ro/+ + - - -/- /-
SKU45 pineapple Sm/- - ++ ++ ++ +++
SKU46 pineapple Sm/- - ++ ++ -f- -/-
SKU47 pineapple Ro/- - - - + 4+ ++
SKU48  pineapple Ro/+ ++ - - ++ -
SKU49  pineapple Ro/- ++ - - ++ +-
SKU50  pineapple Sm/+ + - - +H++ ++/++

r———

Notes: Sm, smooth colony; Ro, rough colony.

22



Table 1. (continued)

Colony/  Growth Growth in 3% acetic acid Growth in 8% ethanol/Halo
Code  Sources Over-  a40°Cc 30°C 37°C 30°C 37°C

oxidation (72 hr) 72hr 72hr 24hr 24hr
SKUS51  pineapple Ro/+ ++ - - 4+ ++ $H A+
SKU52  pineapple Sm/+ + + + + 4+ H+
SKUS53 pineapple Ro/+ ++ - - T+ ++ -+
SKU54 pineapple Smy/- + - - ++++ +H++
SKUS5 pineapple Sm/+ ++ - - i+ At
SKUS6 pineapple Sm/+ ++ - - b+ -+
SKU57 pineapple Sm/- - - - FH+ +H+
SKU58 orange Sm/+ - ++ ++ ++/++ +H+
SKU59  orange Sm/+ - ++ ++ A /-
SKU60 rambeh Sm/+ - ++ ++ -{- +-
SKU61 banana Sm/+ - ++ ++ -I- /-
SKU62 banana Sm/+ - - - -/- -
SKU63 banana Sm/+ - ++ ++ +H++ -/-
SKU6&4 banana Sm/+ - - - -f- -
SKU65  banana Sm/+ - - - -/~ -
SKU66 banana Sm/+ - - - -t -/
SKU67 cherry Sm/+ - - T o -
SKU68  cherry Sm/+ ++ - - -f- -
SKU69 cherry Sm/+ ++ - - A -i-
SKU70 guava Ro/- ++ + + ++/- -
SKU71 guava Smy/- - ++ ++ -f- -f-
SKU72 guava Ro/+ ++ - - H++ 4+
SKU73  guava Sm/- - ++ ++ -/ /-
SKU74 guava Sm/- - - - -t -
SKU75 lychee Snv/- + ++ ++ /- -f-
SKU76  lychee Smy/- - - - -J- /-
SKU77 mangosteen Smy/- + ++ ++ -/~ -/-
SKU78 mangosteen Smy/- + ++ ++ -/- A
SKU79 orange Smy/- + ++ ++ -1~ -/-
SKUB0 orange Sm/- - ++ ++ ++ 4+ -f-
SKU8! orange Ro/+ ++ - - o+ ++
SKUS2 orange Sm/+ - ++ ++ I ++ /-
SKU8B3 orange Sm/- - - - -+ -/-
SKUB4  orange Sm/+ ++ - - +H H
SKUB5S orange Sm/+ ++ - - ++ ++
SKU8B6 pincapple Ro/+ ++ + + ++/++ ++
SKU87 pineapple Sm/+ ++ + + ++ ++ ++
SKU88 pineapple Sm/+ - + + +/- A
SKUB9 pineapple Sm/+ - + + +- -J-
SKUS90 pineapple Sm/+ - + + +4+/+ -/
SKU91  pineapple Sm/- - ++ ++ ++/++ -/
SKU92 papaya Sm/- ++ ++ ++ ++ ++ -/
SKU93  roseapple Ro/- ++ - - -+ -
SKU94  roseapple Sm/- - - - ++/++ -/-
SKU95  roseapple Sm/- - - - ++/++ /-
SKUS6  roseapple Smy/- - - - ++++ -/-
SKU97 roseapple Sm/+ - + + . 4+ -/-
SKU9Y8 roseapple Ro/+ ++ - - ++ ++ -f-
SKU99  roseapple Ro/+ ++ - - ++/++ -
SKU100 roseapple Ro/+ ++ - - 4+ -i-

Notes: Sm, smooth colony; Ro, rough colony.

23



Table 1. (continued)

Colony/  Growth Growth in 3% acetic acid Growth in 8% ethanol/Halo
Code  Sousces Over-  a40°c 30°C 37°C 30°C 37°C

oxidation 72Zhr 72hr 72hr 24hr 24hr
SKUIC1  roseapple Sm/- ++ - - +- -/
SKU102 unknown Smv/- ++ ++ ++ +/4++ -f-
SKU103 unknown Sm/- + + + +4+{++ -f-
SKUI04 unknown Smy/- ++ + + ++/++ -/-
SKU105 grape Sm/- ++ ++ ++ +H++ -/
SKU106 grape Sm/- ++ + + +++ -I-
SKU107 pineappie Smv/- + ++ ++ ++ +H+
SKUIL08 pineapple Sm/- ++ + + ++/ 4+ +/-
SKU109  guava Sm/- nd ++ ++ A+ ]+
SKUI10 unknown Sm/- ++ ++ ++ ++ +HF
SKULIL grape Sm/+ ++ + + +H++ +4+/++
SKU112  grape Sm/- ++ + + o+ +H/++
SKU113 grape Sm/+ ++ ++ ++ ++++ +H++
SKUL14 apple Sm/+ ++ ++ ++ +H++ -/
SKUI15 papaya Sm/+ ++ ++ ++ +H++ +H+
SKU116 watermelon Sm/+ ++ ++ ++ ++++ ++
SKU117 watermelon Sm/- ++ ++ 4+ +H 4+ +H++
SKUI118 santol Smy/- + - - ++/++ Ny S
SKU119 santo!l Smy/- + - - 4+ ++ o+
SKU120 santol Sm/- + - - ++/++ 4+ 4
SKU121 santol Sm/- - + + o+ A+
SKUI122 longkon Sm/+ - - - ++f++ +H+
SKU123 longkon Sm/- ++ - - ’ ' -
SKUI124 longkon Ro/- ++ N - /- -
SKU125 guava Sm/+ - - - ++ -l-
SKU126 lychee Sm/+ - - - ++H++ -f-
SKUI127 orange Smy/- ++ + + ++H++ [+
SKUI28 longkon Sm/- + - - +H++ +-
SKUI129 santel Sm/- - - - +H+ +-
IFO strains
IFO3172  G. suboxydans Snv/- ++ + + -J- -1
IFO3188 A. acendens Sm/- ++ + + /- -
IFO3191  A. rancens Sm/- ++ + + +H++ -/-
1FQ3222 A, kutzingianum Sm/- - + + -/~ /-
IFO3257 G. suboxydans Sm/- ++ - - -/ -
IFO3272  G.dioxvacetonicus  Sm/- ++ - - +- /-
IFO3279  A. acetigenus Sm/- ++ - - -/- /-
IFO3280 A. acetinus Sm/- + + + -/- -1-
IFO3283 A. aceti Sm/+ + + + -/ A
IFO3284 A aceti Smy/- ++ + + -J- -4
IFO3298 A. rancens Snv/- + ++ ++ -/- -f-
IFO3299 A acendens Sm/- + ++ ++ -f- -/~
IFO12467 G. sphaericus Smy/- ++ ++ ++ -/- -
IFO13773 A, xylinum Sm/- + + + -/- -

Notes: Sm, smooth coleny; Ro, rough colony.
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Table 2. Lists of acetic acid bacteria harboring insertion sequence, IS{380

Colony/  Growth Growth in 3% acetic acid Growth in 8% ethanol/Halo
Code Sources Over- at 40°C 30°C 37°C 30°C 37°C

oxidation 72 hr 72 hr 72 hr 24 hr 24 hr
SKUI1t banana Ro/- - - - +/++ -f-
SKUI3  banana Sm/+ - - - 4 -/-
SKU44  pineapple Ro/+ + - - -/~ ofe
SKU47  pineapple Ro/- - - - +++ ++
SKU48  pineapple Rof+ ++ - - ++ -/
SKU55  pineapple Sm/+ ++ - - +H 4+ +++
SKU56  pineapple Smi+ ++ - - i+ i+
SKU62  banana Sm/+ - - - -f- -/~
SKU64  banana Sm/+ - . - -/~ -/-
SKUG66  banana Sm/+ - - - -f- -/~
SKU79  orange Sny/- + ++ ++ “/- -/-
SKU84  orange Sm/+ ++ - - i+ ++
SKU85  orange Sm/+ ++ - - ++ ++
SKU94  roseapple Sm/- - - - PR S -/
SKUS5  roseapple Sm/- - - - i+ A
SKU96  roseapple Sm/- - - - I+ /-
SKU97  roseapple Sm/+ - + + -+ A
SKUI0G  roseapple Ro/+ ++ - - +4+++ -f-
SKUI01 roseapple Sm/- ++ - - +- -/-
IFOQ Strains
1FO3280 A, acetinus Sm/- + + + -/- -/~
IFO3283 A aceli Sm/+ + + + -/- /-
IFO3284 A, aceti Sny/- ++ + + ~f- -/-
IF03298 A rancens Smy/- + ++ ++ /- -f-
IFQ12467 G. sphaericus Sm/- ++ ++ ++ of- -I-
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Legends to Figures

Fig. 1 Restriction map of the insertion sequence, 157380, inserted into

cytochrome C subunit gene of A. pasteurianus NCI1380.

A 1.1 kb EcoRI-Bglll DNA fragment used as a DNA probe is shown in a hatch
box. Arrows indicate the sequencing strategy (From Takemura et al., J.

Bacteriol. 173, 7070-7076 (1991)).

Fig. 2 Plasmid profiles and distribution of IS1380 in 129 isolates of acetic acid

bacteria from Thailand and 14 IFO strains.

The total DNA isolated from those strains were transferred from agarose gel to a
nylon membrane and hybridized with the peroxidase-labeling 1.1 kb EcoRI-Bglll
DNA probe at 42°C overnight. The membrane was washed twice in each primary
and secondary washing buffers, respectively. The hybridization signals were

detected with detection buffer and autoradiographed with an x-ray film.
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Fig. 3 Plasmid profile of a parent strain, A. pasteurianus SKU108 and the curants

obtained from SDS and acridine orange treatment.

The total DNA isolated from a parent strain and curants were analyzed in 0.8%
agarose gel. A number indicating on the top of each lane represented a number of

each curant and (p) indicated a parent strain.

Fig. 4 Growth characteristic of a parent strain, A. pasteurianus SKU108 and

some selected curants.

Comparison of growth characteristic in a parent strain and some selected curants
were observed in the following media; (A) potato agar containing 4% ecthanol at
30°C for 3 days, (B) potato agar at 40°C for 2-5 days, (C) seed culture agar

containing 8% ethanol at 37°C for 2-5 days and (D) seed culture agar containing

3% acetic acid at 30°C for 2-5 days.
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Fig. 5 Electron micrograph of a parent strain, A. pasteurianus SKU108 and three

curants.

An overnight culture of a parent strain and three curants (no. 85, 86 and 87) in
potato medium were used for observation under the transmission electron
microscope. Comparison of cell shape and size of a parent strain and three
curants are shown as followings; (A) a parent strain, A. pasteurianus SKU108
with magnification of 15,652x, (B) curant no. 85 with magnification of 17,774x,
(C) curant no. 86 with magnification of 16,666x and (D) curant no. 87 with

magnification of 17,647x.

Fig. 6 Time course of acetic acid fermentation by a parent strain, A. pasteurianus

SKU108 (m), curants no. 85 (©), no. 86 (®) and no. 87 (A).

Time course of growth and acetic acid fermentation was studied in 100 ml of
seed culture medium containing 4% ethanol at 30, 37 and 40°C. Two to five ml
of the culture were taken out everyday for determination of turbidity by
measuring ODs,,,, and total acid accumulated in the culture by titration with 0.8

N NaOH.
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