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CIESE A, aceti F1 Gluconacetobacter " AF LT | — 46
L5 i B AR DG 1) 43 AL - (1) 2 e 40 A0 AR 56 1 BIL I
45 5 45 A & BE A B (ADH) « & 8 i &
(ALDH) ML Okumura 25 3R B £ H 4R %451 A.
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A. pasteurianus Tﬂﬁfyﬁﬁ*ﬂﬂ%m o (2) it/ )
ML CAE W] aarA « aarC IR 2y Sk [ 6 i R 2 AL
H A T B R A AE ] o aarA 9 i b7 A5 T2 5 16 »
aarC G T W TR WG . (3) AT A A IR A A
ATP 45 & 1 A& ) (ATP-binding cassette, ABC) #4312
AN . ABC iz BRI AatA A
HEE 01 5 35 0K Bl 2% L TR O L A BT AN TR ABC
BEE ML — P EShis mpLE " o (4) E A ps
MU W A8 70 7 AR S 4R & A W0 GrpE /DnaK/
DnaJ " o BhAN, HARIE TR A, aceri 1 30 1 5 1S
TR HUPEAT O, 2 g i OF W NI A7 A4 i T It & 1 e 1)
JI TG £ 5 g N TP il e K] o BEL Do /5 » TR TR T A
SRR OB e 0 b Kb g

V) FU) T R T 1) T TR IR A AL S0 3 T TR A 7 SR X
A BRI 5 R 1A T R AL A AL —
AN DL BB A 5 AT TE B IR 1 AL A
ARG ST ) o AHIT A B 20 BT I8 R A T L I
FERE RS A A8 P i 1R FE DX e s K & I
g A ATP K A Bl 35 R 0 AR Ak R TG
FF B AT B A7 AE 1A BL B A (1 R WL A5 2, Sl 20—
AW ST TSI R Y BE Al [R] IR v R R v o
FETS IR KW A2 AT — i IR S E X
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L1 ##

L1.1 EZKFIFCES 4% B8 B £ B, KH, PO, ,
MgSO, , Jo7K LW UK I 55 3k 7 » 1 T 1) 24 4 (415 7
ZE B bR b = B R IR I R (ATP) , Ubiquione 2
(Q,) » T~ Sigma 23 7] ; 5 5€ # PCR AH G 7, Y
T Fig A T AW 4 | Pilot-Acetator 9 L 7 P &, /i
[ Frings 24w ; H 37 L2000 55 25080 HH 1 3% 4% tli
B0 L, HARH AL 2 w5 m] W23 0606 B v, B

1% 96 B PCRAY, SE[H BioRad 2 7] .

1.1.2 & #: Acetobacter pasteuranus CICIM B7003
A A S RIS T R ER AR MR T T R A AT

PR 2> ) R
L1.3 $F5E: (1) fh 7R R (g/L) (A48 10,
JERERY 10, 3 pH6. 5, 121°C ‘K 1820 min Ji5 il A JE 7K
LRGN 24, (2) RWeR: F5E (g/L) < 4 4
W5 BEK 5.KH,PO,0. 6. MgSO, 0.4, 121°C ‘K B
20 min Jo AR A SIS WTH N A TE K O IR & —
WL (3) [ 44 B 77 5 (g/L) : 4 % B 10 % BE Ky
10 B e Hr 20, 121°C K20 min, & #1% 60°C £ 4,
IMNTEK SR 32, 3250 5 15 TR .
1.1.4 KHXEE PCRIIY: 5T 45K Premier
5.0 B deik. (1) % KK (23S rRNA) 519 7
5,235+ : 5°-CCGACACAGGTGGACTGGTA3"; 235—
R: 5"-CCTAGTTCCTTCAGCATCGTTCTC3 . (2) H
MR K59 %), aatAF: 5°-GACGAACCGACGAA
CGATCT3"; aatAR: 5'-CAGTTGTAAGGGGTTTCTG
GTTC3"; grpE+: 5"-TCGTGCAAAGCGTGATCTG-
37, gpER: 5"-CGTCACGCGCAAATTTCTG3"; dnaK-
F: 5" CATTGTGTCTGTGTCTGCTA-3"; dnaK-R: 5°-
TTGGCTTCAGCGTCCTTC3"; dnaJ+': 5'-CAGCAGA
AGCCAAGTTCA3"; dnaJ-R: 5 -CGCTTTTGTTCGT
CCTTCA-3",
1.2 E#MEL

FHHEFRFA T 2 — 3 B0 58 AR} 10 1 & 3 A\ Bl 1 5%
I3 (TG0 RS R0 IS 12 4 n) f170 r/min, 30°C {H i
ZAF R BE e IR 15 9724 he B 5E W /E600 nm
B AL I 0D fi, A 2L E'Mziu 0.8-1.0,%&Jq
X BEAT 2 G 0, LR A FI T A SR
il = T e o S I Pt S o A A A N
A LLBEAT A WAL T o
1.3 BRI % B % B

bl & 1 B 7 10%  (V/IV) 85 Bl i B A
Frings 9 L Pilot-Acetator & /6, N &5. 4 L6 & %
BeFR W) 6 W IR ORI RS W 23 il 4 10 g/ LA
32 /L, AR NT2 L/h, 30°C{H IR £ 7236 he
1.4 FiRIEH

Y VAR AT BRI P AR R B FR 4R 30°C T By
760 h.
1.5 RHEEZ PCR

73 HUEE 970 hMI20 hoiy e W AR T Ak . ]
Trizol /£%EX?HE]T%T & RNA, #% AMYV First Strand cDNA
Synthesis Kit i 7] & ¥t B 5 38 ¥ 5% 5 — B
¢DNA. DL 23S rRNA K&K 8 4 50k [ o e B 55 1
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cDNA _EHUR I, 9206 % PCR IV A4 2 1 4% A1 43
MW 1.2,

#1. KAEE PCRREMAFR

Table 1. Quantitative real4ime PCR reaction system

reaction component concentration volume /pLL
sybrGreen qPCR Master Mix 2 x dilution 10

primer F 10 pmol /L 1

primer R 10 pmol/L 1

ddH, 0 7

template (cDNA) 50 mg/L 1

Total 20

R2. WHEEPCREH

Table 2. Quantitative real4time PCR reaction conditions

thermal cycler time T/C cycles
initial Steps 2 min 95 0
melt 10 s 95 40
anneal /extend 40 s 60 40

1.6 MAARH &

I B R R T, 8000 x g &0 10 minik 13
WA A4 40 i, A 50 mmol / Ls 2 2% #h 3 (KPB, pH 5. 8)
VR4 2 -3 Y F A AE KPB 28 pl i & (1 e
T B AR N4 mLZZ ) o 4N T R R U AR A
W BE20 min (240 W 55 kHz, 1 s/3 ), 4i i % 7% o
8000 x g 20010 min, B _E i T 100000 x g #35 & L
L5 h, 84 L3E, UOve o g0 fu i, &4 T 10 mmol/L
IR 2% ml (KPB,pH 5.8) , —20°C fifif£ 4% FH o HEA
FEHOL FEAE 4°C AT F AT -
1.7 HFEE
1.7.1 EBM-MEBRZNETHEEZEI E: A
50 mmol /L. KPB £Z i (pH 5.8) PE¥ W1k 2 -3 X
Jo ek R B4 R B . K50 mL YR R MR 2% 2% I N
10 mL7K o, 51 22 S W N0, 6 g 2R Ty il 1< » 5 4 A
LV BC R S (0 M. B 1. 00 mL 4 i B TR
B, NS, 00 mL A2 (9 5% 3% TR &) BT W K 4R
30 min, B RAE R KB AR R SR T
490 nm kb 5E 3 OD (" o 4G A RE LT AT B E 3
7, H P<0.05,
1.7.2 SRR E 40 B 5% BE AR BR AR 43 - 40 Jia JIE IR
i 1 o) % 2 B Miller 28 N\ B J7 w3 /E Y o A Ml
WM 4 F: PEG B 415 H 7 A (30 m x 0.22 mm
i. d., 0.25 pm film, Restek) ; # < : & < 9 3
29.6 mL/min: # & :63. 4 kPa; My & :0. 5 mL/min;
HERE TR B :260°C < A6 I 28 5 3 - 280°C 5 43 i 72
PR R R B O 100°C, {4 #51 min, 58 J5 DA 40°C /min

fF)3 %389 2 250°C IF AR S min " o Cy - Cy [0 I 7
P2 i 43 Yo P AR % B 1 O B IS ) 0 3% 3 [ A 1) R
HBEAT R BEASRE S CPATINGE 3 I H P <0.05.
1.7.3 ZEE (Z8) RESEEMNE: 2 K Wood [
U7, B 0.5 mL Mcllvaine 22 b 3 (pH4.0) ,
1.0 mol/LL M (L) ¥#0. 1 mL, 41 Jf2 f§0. 1 mL,
10% Triton X400 0. 1 mLT-10 mLI 4% v, 25%C {4
¥ELS min 5 N0, 1 mol / L&k 5 A% 81 %5 ¥ 0. 2 mL, 7
25°C 4 fF R R NS min (] B (%D S 4R 5
TN R 2k Dupanol %5 ¥50. 5 mL#& 1k ] W ,25°C
JBCE20 min, A3, 5 mLZETHKIR G G, 722 #%
Ab 43 6 6 BETE Il € 660 nm 1) OD fii. 7 25°C.
pH4. 0 47,1 min% 461 umol 1% ( £ 1) H G &
1A ) A

1.7.4  ATP K BEBEGIE 1% & M40 M6l % = %
Matsumoto %"5[18] W g7 2 # %. 0.1 mL ATP
(30 mmol/L) + 0.4 mL Jx W # (3.75 mmol/L
MgCl,~ 100 mmol/L  KCI. 100 mmol/L  NaCl.
50 mmol/L Tlis-HCL, pH 7.2) & Tk & 1, 30°C i
WS min, J0ONGE PE 40 R R V0.5 mL, F LR R
30 min, AIAO. 2 mL =45 Z 1% (20% , W/V) 1l
M, 6000 x g 0 10 min, B F 35 % 0.5 mL jn A
2.5 mLARER W4k —4H IR X 7). [ Y10 min, i 4 A48
W J5 72660 nm P WA o AR A A it 2 sk Pi i)
T MR AL A wmol (Pi) /g (biomass) /
min.

1.7.5 HER o Kin S\ ILEFEME A FWEE
PELL W 6 Q,H, B 44K RE ) R k. BR N R R
(1 mL): 50 mmol/L. KPB ( pH6.5), 30 mmol/L
Q,H,,0.02% (V/V) Tween 20, 20 U E . NV
76 25C,275 nm P KR AT 2. WE{E X Q,H,
) =& R IR W O R A 15. 25,

1.7.6 EHBEESMAMALNLL2.5% (VIV) 1)
% P [ 5230 min, 250 4E R A& 5000 x g, 5 min Jf:
5 1.25% (W/V) KB NGR G K B S 1) 3 g
H B mmZE A ) R, HAE S H 2.5% (VIV)
S ) 1 TR 2 b YA I 52 30 mine 2% W PR 2% UG
B3 WE KU ER I T EH 1% (W/V) Y4
PHE 0 B IR 22 P P I 2 1 b SR S P B Al K R R V)
FHFRAE 1% (WIV) ik 2w wch el he BB
52 1 FE XA I R ve e £ R £ R A A T 1
o6 B T 7K O 40 TV 355 U0 N 3 488 I Epon
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812, LI £ TR G 4 J5 1 HH o

1.7.7 BEBESE WA KBRS K%
3:7(V/V) LB A5 10000 x g #0010 min, B 1§
FHO. 22 pwm il L 38 i 3 &, F H 37 L2000 5 20 A1
BB A YRV AR .l 4 . AMINEX HPX-
87H (300 x 7.8 mm, Bio-Rad 2 #]) ; 7% 2= 3 6 A% Wl
2% U BIAH :5 mmol / LFA 7 MR ¥ Vi ; AL : 60°C ; it 33t
0.6 mL/min; A& 10 who DL 2 5 45 #fE i fi 4h
A AL ARG W00 e T A v AR A TR A A B R
1.7.8 SERE= I mLABEW T50 mL% g1 /K
TN 39 1% (W/V) K, 0. 1 mol / Lz # NaOH
VWL o B4 (030 s A dl o AR IR W AR 1 AR AE
NaOH [ & iF 5 B R & 5. B MR W & (g/L) =
Crwon XV x 600 VE: Cypy A NaOH Hi E %5 Wik &
(mol/L) , V g3 5& JiT Fl NaOH #5 #E % AA B! (mL) «
1.7.9 H#E S & :Frings Pilot-Acetator 9 L & [ H
A 8 0 K5 RS ) P A

1.7.10 48 AT 721 B o] W% 90 0 06 K
M600 nm kb (¥ OD {f, KR4 B 7AW & 5 0D {H 1) %
EES R RESTY/ R

2 4

2.1 A. pasteurianus CICIM B7003 4 #t B B8 A& B2
MEAREKSE/BREL

N THESE A. pasteurianus CICIM B7003 X % I
TV 1 T R 28 1) B 2 AR BN %, SEEG S R
CICIM B7003 £ Frings 9 L Pilot-Acetator /1 JT f& /3
FOIE R > W A2 Sl R B A REAT 0 et 1
BT 7R » R T v IS 18 1A MK O 8 10 A K B 35 17 (0 — 4 h)
IR 39 (5 -6 h) < ouf H A K (7 - 16 h) gk 3 39
(17 =28 h) KFase ] (29 =36 h) 5 ANrB. KW
TR R 7 40 T T ) A2 R A o A T SO 0 e K
A K3 2% A 0.106 h', B K AR R R
0.544 g/L. WEIR e & PR & 46,77 g/ L, B 1R 4t
LEEHREAC Ry 83% - M 1 L/ MBI IR R 5
BAAERK RS R KA T, KB LR
WL 36.2 g/ L FE 4.4 g/L, T A % OBE AL
10. 24 g/ LT B £18. 97 g/, Ui W 1 L |7 A7 75 I 2% 410
T 2% VX A B £ A
2.2 EEER BB X 4 B 3K BR & BT 20
2.2.1 BEEGAMIE THRMEERAIRMEL LR K

() 0.77 _a— biomass 10.150
—o— specific cells growth rate
0.6 {0125 =
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~ 03 40100 =
= E
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Figure 1. Growth and alcohol metabolism of A. pasteurianus CICIM
B7003 during batch fermentation. A: growth curve; B: alcohol and

glucose metabolism curves.

JEAE 10 g/ LIy, b oK 2 Hoam v 2> 3 B W) 1 7
15 FH » (L5 9 T 0% A B0 0 b 2 1 ™ o R 9 ) L
LR LR CICIM B7003 1 A [7] fif 2 < S 1 W1 1471
ARSI AR Ak 53 T A0 X TG R b 2 AE T 2 U it
T I o g 3 A I B R T OB BE AR R e TR AT T A
[ i8S PR 4 %8 11 °F- B (01030 F140 g/ LS R » &5 77
48 hjg Bt B (18 2) o B 2-A S TCRE R AN 24 1
ST B AL B A A S SR e, HL A B TR
SR RS . 2B OGRS N s R g
R T A A% R AR A 7 A T TR A T A Ak T TR TR B
Bevhe iy M B 1B T A B0 R AR LA A I SR TR
J A1 A HERIR AR D B 2-C L1 2B
FACL, 40 0 A B2 3 — 20 3, 5 a0 K AR B 2D
HH PR TR NS AT R v R R S BOARAK IR B AT 3K
7 A R A T A AR AR AN R KR 4 e LR T
Tl B 2-E IR T40 o/ LA B IR > 40 i 42 1k
I e 2D B, 2 1 3% 1 9 I, A< 5 B A LR i
BB HE o 1% B30 R W I TR A () I e M R R A e I
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Figure 2. Transmission electron micrographs (TEM) of A. pasteurianus CICIM B7003 in different acidic conditions. A: No

alcohol and acetic acid was added; B: initial alcohol and acetic acid concentration were 32 g/L and 0 g/L; C: initial alcohol

and acetic acid concentration were 32 g/L and 10 g/L; D: initial alcohol and acetic acid concentration were 32 g/L and 30 g/

L; E: initial alcohol and acetic acid concentration were 0 g/L and 40 g/L.

2.2 ABESEDHEZHEISNTH: KEAE
Z U AR e T BRI, i 2 W, B CICIM
B7003 b, 0] JI2 i 3% 5%, {H Bt A BA 5% o I R vk 2 T o
S TN 2 W 1 43 W o SRS TT B A A 1% T HC AR
T 6P 0 2 B B o S B R AN [RD IR TR ) 40 A (%
I 412,20 F1 28 h) K390 40 i 2 5 A T B AR TR
MG (B 3) . KEE4 h i, BRI E A
14.51 g/L, QM 2 ¥ S0 2.5% « K12 h, %
WPEH 3 20.46 g/L, 4 0 2 05 % = B2 1.24% .
BT 20 h I, BEFR U B A 29. 47 g/L, 5 12 h it (1)

3.0

GEMUETHRAEE (1.2%) . 4% 28 h i, it
i V< 34 1) 38. 07 g/ L, 41 i 25 i 5 B8 A/l o4 T 74
PR 0. 89% » 41 il 22 B 11 & Al ik 4T XT % 1% 90 41 )
Sk o Andrés-Barrao %5 2% i T ALK BL % IR
DNIF ST T T i 8 o O T 1 0 A 4 P S %2
R A dTDP— 2 5 1) B 1) 2% 3k B W) 2 F B, AT
CXIEJ €4 PIR)/S SGN M Bug kW d vkl
A0 % B AR AR — S I AE T ORI, RN
W] T 35 S PR 4 IR T S
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40

acetic acid concentration/(g/L)

|
W
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2.0
4 12

I acetic acid 1
35
- 30
125
- 20
15
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3. XA EMEL A. pasteurianus CICIM B7003 i Z HES =
Figure 3. Cellular polysaccharides change of A. pasteurianus CICIM B7003 during vinegar fermentation.
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2.3 EEERRNIEB TYHREARARAAER B S BT 1k

Bk T T I 2 B 6 B B S A g Bl A A
To TS T S AN A R0 I 7 R 1) B A9 184 o ) 9 3
SKAKBUARI 0 AL AZ B B Rl GC-MS £ R X XA
A % W2 B (4.20 F1 28 h) (¥ 40 g 5 Fg b 18 b 2 K
TR AEAT T b 4 TR B R R Ry
kR R (C16:0) Al Jlg /R (C18:0) « - )\ ik /% 2
(C18:1w8c) i (C18:1w9c) Fl — s iR (C20:
0) o +J\BRIGER R R H o & A SRR
H(C18:1) o KW (4 h) , Mo F G 15 2 o5 48 KR
E 20 bl < A R R R I R 43 ) B AR R A
27.82% F1 32.44% , 1 )\ T M B A R S =AY
21.57% o K FER) 20 h, k3R /R A0 A8 i 8 & 5t BF 2
18.02% A1 19. 52% , | )\ W 45 T A0 il 2 A i b= T %)
47.6% o K% 28 h W], RS R IE 17 1 o5 G R
HI47.91% , 53 5O AH ZE A K. BB IR AL 85 i
ANV G 7 1 LG B T, AR T o I F i B 1k

TN AS A 34 35
(A) 40+
C—18h
354 EZZ2 20h
X % ESNY 28h

.
j=]

3]
wn
I

distribution (W/V, %)
—
w o
1

w =
1 1

(=

C14:0 Cl15:0 Cle:0 C18:0 C20:0
saturated fatty acid

(B) 55

504 [18h

] 7274 20h

451 ESSY 28h
T 401
Z 35
Z 3]
= ]
S 25
s =7
£ 20
5 151
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5_
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Figure 4. Membrane fatty acids change of A. pasteurianus CICIM B7003
during vinegar fermentation. A: saturated fatty acid content; B:

unsaturated fatty acid conten.

2.4 RBIIER ZERIMFIREEGF] ATPase 5 £ /Y
T

Tl R AT P 2 ) & T WP R B AT SR S 4
1 HZ AR 5 T 1 R I R AT DG . TR U S 50 ) R 1
T % P R I ) AR A AT M. Wl S TR
KW 4 h 5 ADH.ALDH F1 Cyto [ Lt i 5F 45 51 4
1.93.1.71 Fl 1.62 U/mg, i R 7E il 3 R AL N
0.49 g/ (Leh) o BEANFREI 5, 07 W % 7% P 0 2 4
i KW 20 h I ADHLALDH i1 Cyto 3 ¥ 43 71l £ 5
F]5.72.4.51 F1 3.95 U/mg, BS 1k 5% B 59 hn )
1.12 g/ (Leh) o PG R W £ B 55 S5 ek 2>
5 SO E PR BT BR K, R 128 hif, B4R ADH.
ALDH il Cyto 3% 1 4> % P& ik 5] 4.45. 3. 41 A
3.67 U/mg, {H J& B M 4= B 2 ) 48 & &
1.01 g/L/(Leh) . Ffi % B3 4T, B CICIM B7003 £
L I W % 8 1) EL 3 W S s R R R L R BOR T
SR AR U 5 T TR BT I 12 P 8 2 1) A 7 1 AH G

8 -
1 [ ADH
7 ALDH
BN Cyio

o2l
PR -

i
L

%

il .

4 20 28
sampling time/h

ADH / ALDH/ Cyto activity/(U/mg)
oW
1 L 1 "

[=J

B 5. ZEEMFR MR BIEEEET L
Figure 5. Activity change of enzymes in alcohol respiratory chain during

vinegar fermentation.

C I 3E 1 15 PR 1 i 1R AL R OK 2 5 U AR ATP
K 5E IS AT, HE M K B R ATPase 3 £ 23 32 W7 34 n .
S0 49501, 1 CICIM B7003 (1) ATPase iif i S b 45 &
P AR R T v (P 6) o I 4 h I ATP g vE PR AR
1. 31 pmol (Pi) /g (biomass) /min. HE N XJ # i, i
G 3] 4.32 umol (Pi) /g (biomass) /min. K %
Je 315 BUAR T W W B G WS AT R B {H ATPase 41
3R FE B TF#a A, A% 28 h I, B R UK B2 ik 3] 38. 07
g/L, ATPase [¥) Lk #%§ JF %] 4.78 pmol (Pi) /g
(biomass) /min. i B B8 B 4 1 RE 7E 8¢ 1 IR B 1)
N LRSS =N i)
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Figure 6. Activity of ATPase during vinegar fermentation.
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2.5 BRARNMEBEEASHMEXERERKE
B9 %2 M)
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Physiological response to acetic acid stress of Acetobacter
pasteuranus during vinegar fermentation

Zhengliang Qi', Hailin Yang', Xiaole Xia', Wu Wang', Yunwei Leng’, Xiaobin
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'The Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, Jiangsu
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Abstract: [Objective] The aim of the study is to propose a dynamic acetic acid resistance mechanism through analysis on
response of cellular morphology, physiology and metabolism of A. pasteurianus CICIM B7003 during vinegar fermentation.
[Methods] Vinegar fermentation was carried out in a Frings 9 L acetator by strain B7003 and cultures were sampled at
different cellular growth phases. Simultaneously, percentage of capsular polysaccharide versus dry cells weight, ratio of
unsaturated fatty acids to saturated fatty acids, transcription of acetic acid resistance genes, activity of alcohol respiratory
chain enzymes and ATPase were detected for these samples to assay the responses of bacterial morphology, physiology and
metabolism. [Results] When acetic acid was existed, no obvious capsular polysaccharide was secreted by cells. As
vinegar fermentation proceeding, percentage of capsular polysaccharide versus dry cells weight was reduced from 2. 5% to
0.89% . Ratio of unsaturated fatty acids to saturated fatty acids was increased obviously which can improve membrane
fluidity. Also transcription level of acetic acid resistance genes was promoted. Interestingly, activity of alcohol respiratory
chain and ATPase was not inhibited but promoted obviously with acetic acid accumulation which could provide enough
energy for acetic acid resistance mechanism. [Conclusion] On the basis of the results obtained from the experiment, A.
pasteurianus CICIM B7003 relies mainly on the cooperation of changes of extracellular capsular polysaccharide and
membrane fatty acids, activation of acid resistance genes transcription, enhancement of activity of alcohol respiratory chain
and rapid energy production to tolerate acidic environment.

Keywords: Acetobacter pasteurianus, acetic acid fermentation, acetic acid stress, physiological response to acetic acid

stress
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