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Abstract
by genetic engineering ,improving the yield and the quality of bacterial cellulose. [ Method ] The conditions for the preparation of competent cells
were determined by the growth ability of the strain in different media, and the optimal transformation conditions were determined by positive
clone obtained by transforming the plasmid or the linearized fragment at different electrotransformation voltages. [ Result ] The C2 medium sup-

[ Objective ] Establishing a genetic operating method for Gluconacetobacter nataicola can provide reference for modifing the strains

plemented with 1% cellulase was used for one time bottom transferring, which can effectively prepare the electroporation of G. nataicola. The
homologous double-exchange knockout of the glucose dehydrogenase gene (GDH) was achieved by transferring the circle plasmid or the linear-
ized fragment carrying homologous arm of GDH and Kan resistance gene. Knockout of GDH gene reduced the production of gluconic acid in the
process of fermentation, and improved the final yield and quality of bacterial cellulose membrane. [ Conclusion ] The genetic transformation

method and gene knockout method of G. nataicola were successfully established.
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TR T s G A 8, SN2 B AR B R IR A 7T 1) A 4R e Ay
(S

WS LI GRS TR AT B 0 42l i SRR A2
A8 SR AL AL A5, SEBRTZE o TR 1) 32k PR e S 184, A
RO A A R B R I TR 7E ol b 8 107 HH B85 B
1 #R57EE
1.1 &l
L1.1 GEBRAIBURL, 985 HME IR I AT 7 HEC- 004, 2 — %k
PR | e A B AT 4R R Tl AR A 7 bR, L ORT
HE P B L, RS : CGMCC No. 11588, KM i b
DHSa, A @ k. pMD18-T #ifkily T 544 TRE (K
) AR F], pET-28a ok Novagen 23 1] 7 il
L1.2 54, PCR ISR E DNA 5 Prime-
STAR Max DNA Polymerase . %% i DNA 3R & i} EmeraldAmp
PCR Master Mix (2X Premix) %1% Solution I, QuickCut [}
PN DI DNA marker | FURLEE B DNA B [0 150 &
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3P 4. PCR Y ( Biometric ) , % I8 i 1% % %5 ( Bio-
Rad) , H1 %5 LY 2% ( Bio—Rad, 12 165-2100) ,
113 5538k, RBAFFRENTH LB Ki3 3k . Bekkk 5.0 o/L,
MR 10.0 o/L G044 10. 0 g/L, MRUETE 2, 26 KIAAT A
RS L AR N Kan 29K B 50 mg/L ok Amp 5840k i
100 mg/ L, N5 HIMHERBE AT 8 BT A RF 9234 3 Fh (£ 1),
A EIARESRILNNA 2%35 05 . THEEFIER T WA A LAl s
Fr,C2 BB TR K = £ 4 R

£1 MEEEREAEERE

Table 1 Culture medium of G. nataicola

s o ot P
Type Component Content//% Note
Hestrin-Schramm D-#i %5 4% 2 FIFH NaOH
(HS) B! B 0.5 i pH % 5.0
Hestrin-Schramm [EAS e 7] 0.5
(HS) medium Na, HPO, 0.27
PRI 0.11
C2 $r 37k Na, HPO, - 12H,0 0.2 TR
C2 medium MgSO, - 7H,0 0.03  [iRyH pH £ 5.0
FrAGERR 0.2
R 4
(NH,),HPO, 0.4
FAREKTH 1
THEE T o 2 i pH % 5.0
7# medium (NH,),S0, 0.4
MgS0, + 7TH,0 0.03
CaCl, 0.02
FeSO, - 7H,0 0.000 5
NaAc 0.06
G35 0.05

1.2 A&

12,1 2035 MERR S AT 58 XF Kan 1 Amp 042 R (19T 52 4
MR, KNS HIREIR RS TP HEC-004 BMEE:S THIRIART 77
28 C PRy H59E 2 d J5 , BURBR R 100 £, B 50 wL 43
WA ] Kan ¥EE S 0,525 50,150,100 me/L [y 74k 355
AT L s 43 IR R AR [ 3, B 50 WL 43 3R A5 2] Amp
WA 0.25,50,100,150,200 mg/ L fY T35 3755 B AR L.
R E T 28 C HERA TR R TR MR TR A
Kokl , L% 7 ds

1.2.2  GDH JEPARIR A Kb i Be i p g, Dhoe S IR
AT T i PR o 7 R AT 3 oy e ) 90RO
JEokL, T HEC-004 Btk GDH 3[R B R . Hovh 1) 6 i bk
BEEF R GDH bR —Kan 3635 £-GDH T [FlE . I
HRBL IR Z] DNA 425 FoR 42 B PCR 744  DNA 1] | [m1fi |
RS I S U B A TR . R R G 1 32k
F IRy T FiRE T CaCl, 148 M KA AT B DHSa b7k

JRLE) EARA G R AR - # BRER 2 5 5 | 40 DNA
BERR G414 4 A~ BOF I, 430, 5 L AR IR AR,
VL GDHupF I GDHdownR N 5|9 #E4T 4 K BtfY over-lapping
PCR "8, 4 kRS PCR Y H L MUS , AT Hind 1T
H1 EcoRT PRI P9 U 2847 XU U1, JF: 34 422 3 [W] A U0 1)
pMD18-T 4% I, 75 &4 50 mg/L Kan F1 100 mg/L Amp 1)
LB XA i 128 , 743 & 47 pBACO3-GDHKIIFURL Y vE b

ST IRl 2223 B 8 R ek B B b A7 3 TR i s o
¥ pBACO3-GDHKIFR#EFT Hind IF EcoR1 XU , 3R B,
% GDH Ly [R) IR [Kan HitE#IK & LA S GDH T iife [ I8
) DNA VMR R R & (4% GDHKID)

#* 2 )& pBAC03-GDHK #H{kFr 5|4

Table 2 Primers used to construct pBAC03-GDHK carrier

B4 BIYFE (5'—3") AR Hir b B fﬁﬁ;ﬁ]ﬁﬁf
Primer name Primer sequence Template Target fragment sizek/bi)
GDHupF I3 ttgclgggagecggectatggetete HEC-04 Z:[H4] DNA GDH 3[R 5 432
GDHupR caaataggggticegegeacaggateeggetegggagegtictg

PampF cagaacgececegageeggateetgtgegeggaacecctatttg pMDI18-T Amp J3 8T 148
PampR gttgaatatggeteatactettcctttttcaatattattg

KanF2 atatt gagtatgagecatattcaacggg pET-28a Kan friEIER 858
KanR2 ggaagaccagegtgecctgeagettagaaaaacteategagea

GDHdownF tgetegatgagtittictaagetgeagggeacgetggtetice HEC-04 FE[X 2 DNA GDH T i [R) 447
GDHdownR gacaagaattcgeegectgeegtggtgag

12,3 ZNBSHIEIR IS AT A 2 A i il 2 e fb o AR STk
KT ARBEFT AL HS 595 (3R 1) BTS2 A5 40
il 5 R ALy 2 A TR T L TS T A
P BERR AR PR T , LIRS 2 A0 I ) ) o S A% e A O
AHTHEAT AR o — AL TR B A R A 3% e
AR 2R B ] o L e AL IS A AL . o I T S A DG ) 35 7
R AN AR X AIAE 3 b IR b i) LR KRB A T A=

K&k E5,

He KR AR T 02 AN THEAR -3k 2 NFE 28 CR53%
T 5 d MEATERE Al 30 & 25 mL HS (C2 Fl T#G SR
A IR 1% 21 41 3 B W 97 - 40 DR 21 4k 3= 0B
%, 150 ©/min , 28 °C 1535 36 h, K5 4> BlEE42 10% 353245 5T
G SRR AR R 7% 28 ODgy T2, F i 5 57 SE
17 3 P,
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WXFF ml AR S A R AR BEAT I AR AR kR L 3

YNIEBEIRBEFE I HEC-004 TRRE L 3% AL B2 2 1 i &
Fe B DL R i e AT - QO A i 5% X EOE KT, IRz s
YR & . QRIS A 50 mL K B .04 T 7E
AR ES.CHLH 4 000 r/min B0 5 min IELNE, %
5, A 1 mmol/L HEPES ¥ (pHT. 0) X 4 fu 4%
EIFUEE,4 °C 4 000 r/min #5005 min WCAEANIL, JEH A0 BR
@FE i, @AM 15% H %% & B 40, 4 °C
4000 r/min B0 5 min WAL, GFEBCEE B 40T e
AT mL B 15% Hil, & ok B ok, ©FfF—
AR 1.5 mL B0 R nA 1 ug DNA & 1 7§41k
pBACO3-GDHKIF ki 5834 Hind TF Eco RI SUEHEI 4R 11k
DNA F Bt SR N 40 wL (B 1Bz S i, 525508 50, %
B WA R 2 mm BEERR R, @ ALl F Bio—Rad Micro-
Pulser P 5 AL, 22t ff FHLE:1.5.2.0.2.5 F13.0 kV,
O T E TR AR AP EHI A TR (1) T#E5 3R 3 1 mL,
AL S 00 40 i 5% 7% 2] PA R AT 6 h 1 & 5 8 SR
@6 h IR, 250 4R E] 100 WL, WA 8] & 47 50 mg/L
Kan P47 I
1.2.4  BALT IR e o MR 200 Bf Py ) O o 20 7 i 2
1 T pBACO3-GDHKIIZ A I HA7 5 GDH LA I R AR Y
[, DR A AR BT A5 20 I Ak 7 B8 b2 B 3 A4S Ja
LR PR sl N eI IRR R A T BRAE d , A kA A
#| GDH i & ( 1A) JER 2 45 DU GDH SEA , [l HAy
Kan 1 Amp HiPE ; @ BEHU 47 XSS 48 5 Kan 36 PR 25 46 i
GDH JLH (1 1B) , ik LA Kan ik, %A Amp Hitk; 3
BT BENLEE A, R GDH JEPR AR K A= A4k (] 1C) | TR Bk
AT RERIN AT Kan F1 Amp $0M: 17 GDHKIZER F Be ik 1
HUA 2 A el g OF B IR 1T T X8 #e; @ % 4 T Rl
[P

F T AT R A A o 2 I A A I ) T A, B O (]
H2H PRI A PR ARG SE PR 5 T 25 8, H R et
137 RS FEpE . RRTE 5 50 mg/L Kan HYHTIEF-H
EAEKS dJ5, HEAT SRR R .

K pBACO3-GDHKIIFURL 7% 1645 1) 1 #e 4k 7, PR EL )
BIHEERN RIS 200 mg/L Amp HTPEY C2 BlEF-HH 50 me/L
Kan H1E C2 Zlig-F M b A7 Bk il R L AEAE Kan P-4
FARRKBFEA T TP H) PCR SRR VS IE, Zethib
BLARAS B (e AL F BLHR A PCR (W ik - AT 90 E . 78
GDH W X A5 i ) 583151 %) GDH-F1(5' - cggactgtatcacgg-
taatcagg—3") I GDH—-R2 (5’ - caggeggtcetgecacageac—3") A+
AT HE B RS LA T IS E
1.2.5 GDH FENREREMRS R AR 2 4ER LB H
TSI ) GDH LA R TR R 5 B A4 HEC-004 i dkfE 47 7™
SRR . M B R g R B - &, IR E
KB RER pH, LIAE GDH BIRER 2 75 RE AR A I i 2 7
2 WA P A T 3 TR )7 ISR

Nt —Hf € GDH IR % 4 % B8 T #6 S A 4 v IR A=
B AR B R R, R B R 200 WL 5 - 20 °C 08 A N IR

800 pL B4, -20 C¥ ¥4 4 h J5,12 000 r/min Z.L> 10 min
AT HPLC A5, 43 #7 5% 8 v 4 2480 8 R i A 0 & 2. 4%
Bt GRS AH A 85% i , (i1l Agilent Glycan (4. 6x
150 mm) , #3645 °C, 73R 0.5 mL/min, RID #2575

BR 35 C,
GDH L-iifF IX Bt GDH*} ] [X Bt GDH F i X Bt
e T
GDH L3 IX B Kanfift  GOH FilfIX B

) —

PBAC03-GDH2

Amphitt Ori 82 53
(A)
GDH-F1 KanF2
I GDH |- i X Bt . KanBitt GDH F il IX Bt
KanR2 ﬁ
GDH-R2
(b,
GDH-F1
—_—
I GDH -3 [X B GDH P fin] [X B GDH F i X Bt
(C) GDH-R2

T (A) Pokisld i BeS i BRI DNA F4H ;5 (B) %A Bl
XS , GDH JERBR ey Kan FE1H, PCR BUBAG I 25 24 -
GDH-F¥1/GDH-R2 5|44t K/NHM 1. 8 kb; GDH-F1/KanR2
PR/ H 1.4 kby KanF2/GDH-R2 ¥ ¥ K /N Ky 1.3 kb,
(C) Brkral# 1 B BEHLRE &5 B B bR e (AR I 45 2R, GDH {31
HAR K AL, R A GDH - F1/GDH - R2 A6 I 15391 < /s
2.2 kb

Note: ( A) Recombination of plasmid or fragment with DNA of host

strain; ( B) The expected double exchange occurred and GDH
gene was replaced with Kan gene. Expected PCR results: the
amplification size of GDH-F1/GDH-R2 was 1. 8 kb ;the ampli-
fication size of GDH-F1/KanR2 was 1.4 kb ;the amplification
size of Kan¥F2/GDH-R2 was 1.3 kb; (C) Results of random
integration of plasmid or fragment into the chromosome of
strain , GDH position has not changed ,using GDH-F1/GDH-R2
to detect the expected size of 2.2 kb
E1 HUFAEHFENEREE

Fig.1 Possible genotypes of transformants

2 HBR55H

2.1 HPHEFHEREETE HEC-004 X Kan 71 Amp #if 5
PR JE R AR R DT T B A KA BT A
[ (35 3) o ZEAERGS WL Amp HU2E R FFR 788 vl
PIA I, 5 150 mg/L ) Amp FE IR b 157 7 d al DUAE
P bR O o TR Kan FUPEZRAF 25 mg/L 9k
JERIAT SE M AR K SRR RRRAE 2 R P A b
A AR O, 7 5 Ak 1 e ad R v, Kan BT A2 3 A9 B2 R
25 mg/L, Amp HUAEZ AR ] 200 mg/Lo
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% 3 HEC-004 E#kxt Kan 1 Amp g7 =2 Elid
Table 3 Tolerance test of HEC-004 strain to Kan and AMP

[ i
jz[rﬁ:bfn s Conrﬁl%ation /:I:Glr\ml;il{lﬂ
mg/L situation
Kan 0 +++ +
5
10
25 _
50 _
100 _
Amp 0 I
25 ++
50 ++
100 .
150 .
200 _

2.2 RBEFEHFEFEMOMA A HEC-004 k(L HS 1

6r
CHEA
S5

ODGOO

0720 40 60 80 100 120 140 160 180

3257018 Culture time Il h

TRl THERFRHOR C2 ¥R B p AT AR R K AR AE TH# 5%
FRELA C2 Frg kbl DUE K BAE HS B3R5 ANRRAE K
R T BRI R S AR 30 R S A B ) A SRR A 4
T HEC-004 7E 7T#H1 C2 ¥5a 5Kt 2k (14 2) .
AR L, THRT IR LT C2 Hi R MK AR K
HORIAE n=0.05, THREFRIMN AR MR R AE 35 h J5 AN FE
AR ZRE IR K RN A FORAS DL IR Az 2
S T T A AL B, B C2 B 3 LA S B2 A A 85
FERR SR MR IR EE A K 3 ODg, = 1. 0 ZE4A AT 1
AL S AN A 45 o
2.3 EBEKER  pBACO3-GDHKIIGUR. & VLK 3, #1k
PRITES Kan U4 R THPHREESR 5 d 5, BEE BB IR K/
MG 7 1 B, A TR S5 N 1 e Ak 25 R an 3k 4 TR,
pBACO3-GDHKIIFTRL B FLZ P Ak fi ik &7 2.0.2.5.3.0 kV
MRS R BRI AL, LR AT 2.5 KV 260 R AR 3
Ll &N

0.6

TERIA

0.5F

OD()DI)
=1
(98]

0 10 20 30 40 30 60 70
$2FR0FE] Culture time [l h

E 2 HEC-004 E#R7E 7#70 C2 #5r B M 4K M4
Fig.2 Growth curve of HEC-004 strain in 7# and C2 medium

- / \.
G %
y / Ay 4
i & S \
/ / K % \
R @
y AV,
?D I't \
pBAC03-GDHKII 3] |
4392 bp 3 e
S
1\ j&/
\\\ \ é*,j [gif" /
\ ./'\7 /

|
EcoRI (2156)

E 3 pBAC03-GDHKIIE i [E it
Fig.3 Plasmid map of pBAC03-GDHKII

2.4 PHMEEMFIEERE @ side-F o pBACO3 -
GDHKIZ AR AR A T AT DR AL 6 . ik 50
ASERETE Amp S 1 3EAT R, Hob A 46 S HA Amp 4T
P, RIAE 4 4R 519 GDH-F1 I GDH-R2 #E47 PCR 5
HIE, JA 3 AR A T U RS, RS EAR 6%

GDHKIIZL Y | Befirds 2 4k 7, Bkt 1 40 AR5
¥) GDH-F1 Fl GDH-R2 17 PCR ¥l , 2550 KAy 7 A v
HA TR AL, BATE R 17. 5%,

R4 BBFRAMER A RERRSES G TELERGET
Table 4 Statistics of transformation results of knockout plasmid and

knockout fragment under different voltage conditions

%4k DNA

Transforming DNA 1.5kV. 2.0kV 2.5kV  3.0kV
pBAC03-GDHKI[ Tk 41 55 32
GDHKIIZ: 24 | Bt TeiA ¥ 13 21 11

GDHKII linear segment

PO —> ELAT TE A Bk PR R A R P 5 g HEC- 33 ik
Fr RN AL SR 3 45 | Wt AT R4 , 45 R AR ] HEC-
33 1€ 3 X5y N RA RO R B (] 4) ik —
AAEW] T TPk s N RS e AL o TR —
A IR R
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WXFFE mAFRESRANERNBREA ARG RIET RS 5

5 000 bp

3000 bp
2 000 bp
1 500 bp
1 000 bp
750 bp

500 bp

250 bp

7 1. 5% GDH-F1/GDH-R2 ¥ ;2. 514 GDH-F1/KanR2 il ;
3. 5|¥) KanF2/GDH-R2 ¥l
Note: 1. Primer GDH-F1/GDH-R2 detection; 2. Primer GDH-F1/
KanR2 detection; 3. Primer Kan¥2/GDH-R2 detection
4 GDH fR&H % PCR £7E
Fig.4 PCR identification of GDH-deficient strains

2.5 GDH B EMKFABEREEE BT 7L
el — R AR HEC—33 BEAT 7 B A i 0 . =AM P 40 7
A RPN R R, 5B AE R PR HEC-004 4 [t , HEC-33
BRI AR 12 (H R A A e R =i Tt i85 R S
Kuo 45 B G. aylinus TERRTHIILE 20, 208 7 d (98
F5, 55 B A B MR A L, HEC - 33 BRI 7 IR T3 5 T
18.3% ., ik PRIIR W52, A% TR R i 7 JIE 3 b B 141 57, 2 )
PEELF, X HEC-004 1 HEC-33 BkRAE = fA 3 15 32 i 21
AR R AR T pH I E , WUFBH R T GDH JEFR A b
PR, AR TR A AR Y HE (R 5) 6
3 itie

ZWPICE A B SRR T AT YER 1 6. na-
taicola THIE HEC-004 (IEsz 8 & 77k, BT HATE A&
R SCERASE G. nataicola iSRG TT I 100 1T e 4
TCHERAR IE H H T 35 9% Gluconacetobacter J& 1y HS 15 3%
HELPPIR HEC-004 BRI THE 7 , 45 42 W] HEC-004 bk
1E HS B3t bl A= K, i HEC-004 Bibk-5 H TSR
1 Gluconacetobacter J& JoAth P bk A2 AR A= B _E A7 A8 Xl
AR N B SR AP o B 7 A Gl R A R FH

%5 HEC-33 5 HEC-004 Bk E T4 EEIEFXILL
Table 5 Comparison of bacterial cellulose membrane culture between HEC-33 and HEC-004 strains

o JIEXS L Film- pH XTI TR A TR AR

C” I e forming comparison pH comparison Glucose in residue,//g/L Gluconic acid in residue//g/L
ulture

time,//d HEC-33 HEC-004 HEC-33 HEC-004 HEC-33 HEC-004 HEC-33 HEC-004

1 4.82 4.50 — — — —

3 4.26 3.03 — — — —

7 4.57 3.51 0.67 0 0 0.52

VE " o LA BRI
Note: “—" means no sampling for testing
HS B35 56 TR FE v A 186 7 47 4 R TR bR A 2 R PR
R 1, 13 AT B B AR A TR, DR SR 45 S 0T
JE LR RIS AL
LAFERIBIRFT STk , 72 T 224k 22 T B 1 3 DR R B 2
SRS IR 1 OB A T AR e s i AL
B AT B A AL, AT DTS B B AR A4 1 UER T AT LAE

I HAEE LA 7 BOXT 6. nataicola AT HEDR R BE RROA
H TR PEAL R BOR 23 th B A sc it se b 7, DRI ZE I o
SR M BOatb AT 7 Ak 0 U3 48 M 36 K T ook
IRERH (17% vs 6%) o ZER BB, G. nataicola T4 1 |7
5 H LA AR, ARDRTT &, R 2R AT 38 2k T AR AR
FEARHAR TERFAMARINE . 725 W58+, nT B E
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HI 22 A0 0 3 D G 5 v A S TR A v S Sk PR i R
4, SR AR ERVERIRE T o

GDH R 11 T{ 4 Y G. nataicola TR #F H 1% 7 45 1% i =
il folt P % % R v 0 A 2 W AR R AR R . i AR
GDH J5 firi3 3| 1) HEC-33 PRRAE R TR ARG , 7 Bkt i th AR
18, X FTREE] GDH F [F] 4 5 1y 7 2 0 ot 2 16 A 4 28 1 I &
TR AR PQQ R B HE AN ML KA B
AR G TR R A PQQ (1A B, PRI T AR A= K 3 B2 AR
1o AFJR AL AT, AR TR 0 7 o L B 2 A vy, DU
Py AE R pERR T AR 0 7 AR R T R R R Y pH, #45
R, S BUG W RIS J1 T 1, 77 BERE 52 50
4 it

Vh— R Tl b i 77 20 T £ 24 2R %) 490 55 7 W T i T v A
PG W9 T s B AR S5 1 I bR T b 5 A h iR A
AH S AR A W SRS R GDH T T —RRAE KR & 1
T LA O g AR T ) TR BRI
S 3k
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