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Abstract

Acetobacter xylinum is widely been used in food industry as it can ferment
vegetables and fruits to produce the second metabolite—bacterial cellulose whichis
called natain the market. However, natais not easy for coloring, so it is essential to
increase its additional value for foodstuff use. In the first part of this study,

Acetobacter xylinum was transformed with pHY 300PLK and pUCD2 for the finding
of optimum transformation efficiency. The result showed that €l ectroporation has the
best transformation efficiency, with the conditions of 25 mF capacitance, 329 U ohms
resistance, pulse lengths of 8.2 ms, and 2.5 kV. pHY 300PLK and pUCD2 were found
to have efficiency of 1.63 x 104 and 1.27 x 104 transformants/ mg DNA, respectively.



Céellulose binding protein gene (cbp A) and carotenoids synthesis gene were later
cloned into plasmid pHY 300PLK for further expression in Escherichia coli BL21 and
Acetobacter xylinum CCRC14101 and protein activity been detected by Western
blotting. Another plasmid pWSWS8, is constructed from pUC18, an innate plasmid in
Acetobacter xylinum and carotenoids synthase gene was later constructed for the
increasing of stability and capability of replication, and promoting expression of
foreign gene by the lac promoter within pWWSW8.
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Primer UCF (2224)

BstUI(2521) <+
Primer UCR(3035)

M. 1kb DNA Ladder -10, 8, 6, 5, 4, 3.5, 3%, 25,2, 1.5, 1, 0.75, 0.5, 0.25 kb
m. pUC Mix Marker -1116, 883, 692, 501*, 404, 331, 242, 190, 147, 110, 67bp

1. puCD2 uncut 13 kb

2. pUCD2 + EcoR | 4kb+9kb
3. pUCD2 + EcoR V 13 kb

4. pUCD2 PCR product 811 bp

5. pUCD2 PCR product + BstUl 297 bp + 514 bp

B~ ~ pUCD2 { %8 2 PCR & # U415 % 4~ 47 ©

Fig. 10. Restriction enzyme analysis of pUCD2 plasmid and PCR
product.



M 1 2 3 4 m S5 6 M 7 8 9

M. 1kb DNA Ladder-10, 8, 6, 5, 4, 3.5, 3*, 2.5, 2, 1.5, 1, 0.75, 0.5, 0.25 kb
m. pUC Mix Marker -1116, 883, 692, 501*, 404, 331, 242, 190, 147, 110, 67bp
A. PCR product analysis of pUCD2

1-HO
2~ A xylinum
3~ puUCD2 811 bp
4 ~ pUCD2in A. xylinum 811 bp
B. Restriction enzyme anaysis of PCR product of pUCD2 in A. xylinum
5 ~ uncut 811 bp
6~ BstU | 297 bp + 514 bp
C. Restriction enzyme anaysis of pUCD2 in E. coli back-transformant
7 ~ pUCD2 uncut 13 kb
8 ~ pUCD2+ EcoR V 13 kb
9+ pUCD2+ EcoR | 4 kb, 9 kb

B+ - ~pUCD2 § 8 # 2> A~ gﬁ?ﬁ;ﬁ’\%ﬁi°
Fig. 11. Identification of pUCD2 plasmid in A. xylinum
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FzoRI (38)

M 1 2 3 m 4 5 Eglll (12)
/ Ori-177 RHA primer

TcR

Neal (1027

pHY300PLK
1070 bp

=

Neal (2584)

Primer HY F (677)

Rsal (1327) -«
Primer HY R(1804)

. 1kb DNA Ladder-10, 8, 6, 5, 4, 3.5, 3%, 25,2, 1.5, 1, 0.75, 0.5, 0.25 kb

pUC Mix Marker —1116, 883, 692, 501*, 404, 331, 242, 190, 147, 110, 67bp

pHY 300PLK uncut 4,870 bp

pHY 300PLK + EcoR | 4,870 bp

pHY 300PLK + Ncol 1,500 bp + 3,370 bp
pHY 300PLK PCR product 1,127 bp

pHY 300PLK PCR product + Rsal 4,77 bp + 650 bp

B+ - ~ pHY300PLK % # 2 PCR A& 4 'L % 4 47

Fig. 12. Restriction enzyme analysis of pHY 300PLK plasmid and PCR

product.



M 1 2 34 m 5 6 7 8 9 M

M. 1kb DNA Ladder-10, 8, 6, 5, 4, 3.5, 3*, 2.5, 2, 1.5, 1, 0.75, 0.5, 0.25 kb
m. pUC Mix Marker -1116, 883, 692, 501*, 404, 331, 242, 190, 147, 110, 67bp
A. PCR product analysis of pHY 300PLK

1. dHO
2. A xylinum
3. pHY300PLK 1,127 bp
4. pHY300PLK in A. xylinum 1,127 bp
B. Restriction enzyme analysis of PCR product of pHY 300PLK in A. xylinum
5.  uncut 1,127 bp
6. Rsal 477 bp + 650 bp
C. Restriction enzyme analysis of pHY 300PLK in E. coli back-transformant
7.  pHY300PLK uncut 4,870 bp
8. pHY300PLK + EcoR | 4,870 bp
9. pHY300PLK + Ncol 1,500 bp + 3,370 bp

B+ = ~ pHY300PLK B &8 4]0 A Bk B2 SE
Fig. 13. Identification of pHY 300PLK plasmid in A. xylinum
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Table 1. Electroporation and CaCl, transformative efficiency of
Acetobacter xylinum CCRC14101 with pHY 300PLK and puUCD2

plasmid
Transformants Survivors Efficiency
(CFU/ ml) (CFU/ ml) (Transformants/ ng DNA)
pHY 300PLK
CaCl, ##25;% 0 1.45 x10° 0
T /& (Voltage)
0 0 2.88x 10° 0
500 6.0 x 10 1.23x 10° 3.0x 10
1000 8.0 x 107 1.59 x 10° 4.0x 10°
1500 1.2 x 10 7.10x 10’ 6 x 107
2000 2.4 x 107 5.50 x 10’ 1.2 x 10°
2500 3.26 x 10° 2.30x 10’ 1.63 x 10
3000 4x 10" 8.70 x 10° 2.0x 10°
puUCD2
CaCl, #2752 0 1.87 x 10° 0
T /& (Voltage)
0 0 2.56 x 10° 0
500 4.0x 10 2.21x 10° 2.0x 10°
1000 7.0x 10° 1.63 x 10° 35x 10°
1500 1.8 x 10 2.66 x 10° 9 x 107
2000 8.2 x 10° 6.50 x 10’ 4.1x 10°
2500 254 x 10° 7.80x 10’ 1.27 x 10
3000 5.0 x 10 9.80 x 10° 2.5x 10°




Acetobacter xylinum CCRC141014 £ ¢ &
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0.75
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Time (hour)

—@— Acetobacter xylinum CCRC14101
--O-- pHY300PLK in Acetobacter xylinum CCRC14101
—y— pUCD?2 in Acetobacter xylinum CCRC14101

IRl 4 4 7 f= pHY300PLK f- pUCD2 #2522 & & R
Fig. 14. Growth curves of pHY300PLK and pUCD2 plasmid in A

xylinumCCRC14101



Primer HY F (677)

Rsal (1327) -

Primer HY R(1804)

M. 1kb DNA Ladder -10, 8, 6, 5, 4, 3.5, 3%, 25,2, 1.5, 1, 0.75, 0.5, 0.25 kb
m. pUC Mix Marker -1116, 883, 692, 501*, 404, 331, 242, 190, 147, 110, 67bp

1. pSY 313 uncut 11.5kb

2. pSY 313 + BarrH|I 3.7kb+ 7.8 kb
3. pSY313 + EcoR | 4.8kb+ 6.7 kb
4. pSY 313 PCR product 1,127 bp

5. pSY 313 PCR product + Rsal 477 bp + 650 bp

W1 ~pSY313 F 42 PCR & 4 "4k % » 47

Fig. 15. Restriction enzyme analysis of pSY 313 plasmid and PCR
product.
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82808005 u-.'l —— [ 870 Wavelength (nm)_ i #00.0
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Scan speed: 1208nm/min o §09.9 Scan speed: L2E8Anmsmin 1 :455.80 Reading:0.96554
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LD T B o o Scan spesd: 1200na/ain vi 342,00 Reading:8.14708

A. E coliBL21

B. pSY313in E. coli BL21

C. Spectrometry of S -Carotenein E. coli BL21

D. Spectrometry of /3 -Carotene of pSL525 plasmid in E. coli BL21
E. Spectrometry of /3 -Carotene of pSY313in E. coli BL21

F. Spectrometry of /3 -Carotene of pSY313in A. xylinum

Bt ~pSY3I3 A tRafe B F F 2 2 IZ L2 L 47
Fig.16. Expression and Spectrum analysisof 3 -Carotenein pSY 313
transformants.



M 1 2 3 4 m 56 7 8 9 M

M. 1kb DNA Ladder-10, 8, 6, 5, 4, 3.5, 3*, 2.5, 2, 1.5, 1, 0.75, 0.5, 0.25 kb
m. pUC Mix Marker -1116, 883, 692, 501*, 404, 331, 242, 190, 147, 110, 67bp
A. PCR product analysis of pSY 313 plasmid

1.H,0O
2. A. xylinum
3. pSY313 1,127 bp
4. pSY313in A. xylinum 1,127 bp
B. Restriction enzyme analysis of PCR product of pSY 313 plasmid in A. xylinum
5. uncut 1,127 bp
6. Rsal 477 bp, 650 bp
C. Restriction enzyme analysis of pSY 313 plasmid in E. coli back-transformant
7. pSY 313 Plasmid 11.5kb
8. pSY 313 + BarrH| 3.7kb+7.8kb
9. pSY313 + EcoR | 4.8kb+ 6.7 kb

B = ~ pSY313 [T A& A ~ T As pk F) 2 L -
Fig. 17. Identification of pSY 313 plasmid in A. xylinum



M 1 2 3

EroRI (5856) lal (25)

~ A dIII (30)

Terminator
Pst1(5108)

T Pvull (896)
T HirdII (1083)

Ap®

pETC5
5857 bp

Ave 1 (2920)

N\

Signal peptide

M. 1kb DNA Ladder -10, 8, 6, 5, 4, 3.5, 3%, 25,2, 1.5, 1, 0.75, 0.5, 0.25 kb

1-ETC5 5,857 bp
2~ pETC5+ EcoR | + Bgl 1l 1,767 bp + 4,090 bp
3+ pETC5 + EcoR | + Sl | 2,147 bp + 3,710 bp

CBD: Cellulose-binding domain
HLD: Hydrophobic domains
EBD:endoglucanase binding domain

B+ ~ ~ pETCS Jgffgg; PCR #& # Kg\!ﬁ;']ﬁ?"—% A F5 o
Fig. 18. Restriction enzyme analysis of pETC5 plasmid and PCR product.



Bgill (12)
2

FroRI (33)

/ Ori-177 RMA prirner

TR

Neal (1027)

R pHY300PLK
4070 bp

Ap

Rep-a

Meol (2584)

Cla1(25)
A Hiedl(30)
— Clal (554)

EeaRI (5556)

y
Terminator

Pst1(5108)
ChpA

Pl (296)
 HindIll (1033)

Ap®

Ave 1 (2920)

Neal (44237

A Hin dlll (793)

pWS$

6709 bp Hindlll (1346)

FeaRI(18TT)

Terminator_,

TR

Rep- o

Neol (2866)

B4 45 pWSS i A2 )

Fig.19. Construction of pWS8 plasmid



M 1 2 3 4 5 6 m

Bglll (12)
Fndlll (3) | Meal (109)

PT7
& o RmApr

HindlIl (793)

pWsS
8709 hp Terminator

Hindlll (1846)
EroRI(1377)

ool (#423) %

Neol (2366)

Primer CBPF (365)

CprA >
Hindill |(793) <
Primer CBPR (1321)

M : 1kb DNA Ladder -10, 8, 6, 5, 4, 3.5, 3*, 2.5, 2, 1.5, 1, 0.75, 0.5, 0.25 kb
m. pUC Mix Marker -1116, 883, 692, 501*, 404, 331, 242, 190, 147, 110, 67bp

1-pWS8 6,709 bp

2~ pWS8 + EcoR | 6,709 bp

3~ pWS8+ Bglll + EcoR | 1,865 bp + 4,844 bp

4~ pWS8 + Hind Il 791 bp + 1,053 bp + 4865 bp
5~ pWS8 PCR product 956 bp

6 ~ pWS8 PCR product + Hind Il 428 bp + 528 bp

B- -+ ~pWSB 482 PCR 2 4 "L % ~ 17 °

Fig. 20. Therestriction enzyme analysis of pWS8 plasmid and PCR
product



1- H)O 4~ PETCS5in E. coli BL21

2~ E coliBL21 5- pWS8in E. coli BL21

3~ A xylinum 6~  pWS8inA xylinum

Bl - ~Sasiyid FAFI* L8 RFEE LR
Fig. 21. Expression test of cellulose binding protein gene with dot

blotting.



m 1 2 3 4 md5 6 7 8 9 10M

M. 1kb DNA Ladder-10, 8, 6, 5, 4, 3.5, 3*, 2.5, 2, 1.5, 1, 0.75, 0.5, 0.25 kb
m. pUC Mix Marker -1116, 883, 692, 501*, 404, 331, 242, 190, 147, 110, 67bp
A. PCR product analysis of pWWS8 plasmid

1-dH,O
2~ A xylinumplasmid
3~ pWS8 plasmid 956 bp
4 ~ pWS8 plasmid in A. xylinum 956 bp
B. Restriction enzyme analysis of PCR product of pWS8 plasmid in A. xyl/inum
5~ Uncut 956 bp
6 ~ Hind1ll 428 bp + 528 bp
C. Restriction enzyme analysis of pWS8 plasmid in E. coli back-transformant
7~ pWS8 6,709 bp
8~ pWS8 + EcoR | 6,709 bp
9~ pWS8+ Bglll + EcoR | 1,865 bp + 4,844 bp
10 pWS8+ Hind 1l 791 bp + 1,053 bp + 4,865 bp

W= = - pWSB FARE ) A TR AL 2 FE
Fig. 22. Identification of pWS8 plasmid in A. xylinum



Eco01091 2674 BstAPl 179

Sspl 2501
Pdml 2204

Sapl 683 fval

Tthilll

ATl BspLUT1l 806 aval

EcoRl

EcoRV

EcoRlI

Ehol3 crt6.7 kb

Bl= = - 5 pWSW8 i 42 [F]
Fig.23. Construction of pWSW8 plasmid



1 M 2 34 M m 5 6

Aval

pUC18
2.7kb .~ BcoRI

pWSWS
10.9 kb

Ava 1 i 7 Aval
| 1103cn‘
6.7kb
194 Cal 836 bp
Ehol3 crt Z
—* 1330bp +
Primer CRTF Primer CRTR

M : 1kb DNA Ladder -10, 8, 6, 5, 4, 3.5, 3*, 2.5, 2, 1.5, 1, 0.75, 0.5, 0.25 kb
m. pUC Mix Marker -1116, 883, 692, 501*, 404, 331, 242, 190, 147, 110, 67bp

1. A xylinum|FFO3288 13+8+35+25+15+1kb

2. pWSW8 uncut 10.9kb

3. pPWSWS8 + EcoRl 4.2kb + 6.7 kb

4. pWSW8 + Avdl 15kb+22kb+27kb+4.5kb
5. pWSWS8 PCR product 1,330 bp

6. pWSW8 PCR product + Clal 494 bp + 836 bp

Bl- +w» ~pWSW8 74 2 PCR A 4+ *UFIpE % ~ 47 o

Fig. 24. Therestriction enzyme analysis of pWSW8 plasmid and PCR
product
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A. E. coliBL21

B. pWSW8 plasmid in E. coli BL21

C. Spectrometry of /S -Carotenein E. coli BL21

D. Spectrometry of 3 -Carotene of pWSW8 plasmid in E. coli BL21

E. Spectrometry of /3 -Carotene of pWSW8 plasmid in E. coli BL21

F. Spectrometry of /5 -Carotene of pWSWS8 plasmid in A. xylinum

Bl= -7 ~pWSWBE ) thife? B 2 2 RE ¥z 447

Fig.25. Expression and Spectrum analysis of /3 -Carotene in pWSW8
transformants.



m 1 2 3 4 m 5 6 7 8 9 M

M.1kb DNA Ladder-10, 8, 6, 5, 4, 3.5, 3*, 2.5, 2, 1.5, 1, 0.75, 0.5, 0.25 kb
m. pUC Mix Marker -1116, 883, 692, 501, 404, 331, 242, 190, 147, 110, 67bp
A. PCR product analysis of pWSW8 plasmid

1.dH,0
2. A. xylinumplasmid
3. pWSW8 plasmid 1330 bp
4. pWSWS8 plasmid in A. xylinum 1330 bp
B. Restriction enzyme analysis of PCR product of pWSW8 plasmid in A. xylinum
5.uncut 1330 bp
6.Clal 494 bp, 836 bp
C. Restriction enzyme analysis of pWWSW8 plasmid in E. coli back-transformant
7. pWSW8 uncut 10.9 kb
8. pWSW8 + EcoRl 4.2 kb, 6.7 kb
9. pWSWS8 + Aval 1.5kb, 2.2 kb, 2.7 kb, 4.5 kb

Bl= -~ pWSWS #2520 A RS L 2 E
Fig. 26. Identification of pWSW8 plasmid in A. xylinum
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