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(H)E3)1%3 0001) Front. Microbiol. 6:496(2015), Bacterial exopolysaccharides: biosynthesis pathways
and engineering strategies
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X Glucose 10 20 30
X Tryptone 1.0 1.5 2.0
X Na,HPO, 3.78 6.78 9.78
X KH,PO,4 1.5 3.0 4.5
X MgS0, 0.12 0.24 0.36
X5 CaCl, 0.005 0.011 0.017

aX1= (Xl_ 20)/10, ng(Xg_15)/05, ng(Xg_678)/3, X4=(X4_3)/1.5;

x=(X5-0.24)/0/12; x~=(X;-0.011)/0.006

¥ 2

FReQuAY ddAdA, A3

Run X1 Xo X3 Xy X5 Xo 1 (CA5 mg/Da ¥, (ODgo)a
1 -1 1 1 -1 -1 -1 1289.8 £ 20.1 2.02 £ 0.05
2 1 1 -1 -1 -1 1 822.1 £ 71.6 1.58 £ 0.05
3 -1 1 -1 -1 1 1 752.4 £ 30.4 1.79 + 0.04
4 1 1 -1 1 -1 -1 817.3 £ 17.9 1.66 £ 0.08
5 0 0 0 0 0 0 1201.7 £ 72.8 1.71 + 0.06
6 -1 -1 1 -1 1 1 1075.3 £ 33.9 1.18 £ 0.03
7 -1 -1 -1 -1 -1 -1 671.5 + 51.6 1.22 + 0.01
8 1 -1 -1 -1 1 -1 690.6 £ 20.7 1.07 £ 0.09
9 -1 1 1 1 -1 1 1287.0 £ 13.1 2.43 £ 0.03
10 -1 -1 -1 1 -1 1 224.0 £ 11.7 1.48 £ 0.02
11 1 1 1 1 1 1 1447.3 + 88.8 2.33 £ 0.09
12 1 -1 1 -1 -1 1 1075.3 £ 24.4 1.24 £ 0.07
13 1 -1 1 1 -1 -1 849.1 + 15.8 1.27 + 0.01
14 1 1 1 -1 1 -1 1210.6 + 45.7 2.09 £ 0.08
15 1 -1 -1 1 1 1 676.3 + 32.3 1.31 + 0.05
16 0 0 0 0 0 0 1356.3 £ 49.8 1.66 = 0.01
17 -1 -1 1 1 1 -1 770.8 + 18.8 1.41 + 0.08
18 -1 1 -1 1 1 -1 954.8 £ 73.6 1.76 £ 0.08

‘Data were expressed as means * standard deviations of triplicate experiments
* 3
PR A} RN
Source Coefficient estimate Mean square F-value P-valuea

Model 117087 13.09 0.028
Intercept 913.4 0.000
X 35.2 19814 2.22 0.233
X 159.3 405992 45.40 0.007
X 212.3 720865 80.62 0.003
X -35.1 19679 2.20 0.235
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X 33.9 18363 2.05 0.247
X X X -33.5 17977 2.01 0.251
X X X 34.0 18493 2.07 0.246
XL X X 50.1 40168 4.49 0.124
X, X X 89.0 126744 14.17 0.033
Curvature 237603 26.57 0.014
Residual 8942
Lack of fit 7435 0.62 0.668
Pure error 11956

‘The results with P-values higher than 0.3 are not shown.*R2=O.9839

FEoQuixgelA A¥EE F AR HHrEE &7 Y3 ¢4 i A reE dold F dE HFYS
HE AP, A48 sERE F AR BF Tl FoldFE by Ale i) Fulslrr T
AR FEE ol oyt o AFAEe ZekY A AAES SAS] T AR U HYsEHAE
ol F 45 BHY dAUE T AEY s&7) EoldgE FEhd 4be Aabgke] Frbsitirl 8 A el
A HYgES JeEhdnh. webd EEES 2.90 g/1, Al 2214 YEFLS 10.98 g/l F2olA HAxA] deS
skelstelch
F 4
AFdeH Ag4A, A5
Run X X CA (mg/1) ODgoo

1 1.50 6.78 1224.9 + 11.4 1.52 + 0.06

2 1.70 7.38 1326.7 + 78.3 1.70 + 0.01

3 1.90 7.98 1391.3 + 179.4 1.85 + 0.04

4 2.10 8.58 1593.3 £ 107.0 2.08 + 0.08

5 2.30 9.18 1581.3 + 69.9 2.23 £ 0.08

6 2.50 9.78 1691.0 + 82.2 2.34 + 0.07

7 2.70 10.38 1830.0 + 65.6 2.49 £ 0.06

8 2.90 10.98 1887.4 + 110.4 2.67 + 0.10

9 3.10 11.58 1701.4 + 53.7 2.78 £ 0.04

[ZAe] 8] AT AEHE (central composite design, CCD)S 3 FHuHY

HF Aol e 232 ngor EYE 9 NafPo,2 v% teFe] JHxAE AF 2 slo] FATAA Y
S AAESIT

FAoR, Ho Fey 2k S A 2 7HA wld wix] AR ( 4

71 98, CCbE 5 el ZE FH(-1.414, -1, 0, 1 2 1.414)0=2 FPHAT., F 712 A (EEYE 2
NaHPO,) o] 1= gk tha 45 AR&ate] AMbH Aot

il

X, — X,
xi = ——
AX; (D
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39 BA) 7)xste] EFE 9 NalP0,d HZ L2 AlE@olAdsty] 98] 32 RdS Meetgitt. 32 2d
o T g3 Pk

Yy =bo+Xbyx; +Xbx;+ X byxx; + 3 b.;x{" +3 bssz +3 bsxizxj +3 b;,xx»xi2

A71A xi ¥ xjE 5Y ¥ge 3E ghola yE 495
Y thFst 9 AlS by, bi, by, by, by, bs B b A& 3), 2
(by, bs) & 32k (bs, by)E YEPAT. ZEd 4F Akl gk 32 2de] 7 Alg+= 3H 48 st A3l
., nAE mdS ule o ® Design-Expert 7.0 (Stat-Ease, Minneapolis, MN, USA)<&
s 9 EFE 2 NaoHPO,o] HA sEE 37] g8 vE 2d F18 vEUC.

tlo

>
>
ofo
ol
ol
)
il
Ach
L
r>~
ox

rr

A % 59 o] uston, 3AEA Ade i 60l YERAT. ol & ntEor EREF NatP0,o] 5ol
el

2 oY 4 ANFS 349 BUER RAGATHE 5). 1 F ok e AuAuwe oot 4L
obd Holuge QBT
5
FAFHAEY Ag4A, A
Run Factor. CA (mg/1)b ODeoob
X2 X3
1 -1 -1 1771.3 £37.2 2.53 £0.01
2 -1 1 1503.6 +48.9 2.57 £0.03
3 0 -1.414 1649.7 +£47.1 2.75 £0.01
4 0 0 1837.3 £65.0 2.63 £0.08
5 0 0 1704.2 £79.0 2.76 £0.02
6 0 0 1751.4 £96.0 2.72 £0.06
7 -1.414 0 1873.4 £112.0 2.56 £0.11
8 1 -1 1651.3 £221.6 2.33 £0.08
9 1.414 0 1639.5 +61.7 2.69 £0.09
10 0 0 1808.7 £110.8 2.71 £0.02
11 0 0 1840.2 £171.0 2.68 £0.13
12 1 1 1774.5 £101.0 2.62 £0.10
13 0 1.414 1788.6 £188.9 2.72 £0.01
o= (62.9)/0.21 x=(X-10.98)/0.6.
bData were expressed as means + standard deviations of triplicate experiments.

X6
FAFAAEY 25 JAEH
Source Coefficient estimate Mean square F-value P-value
Model 15961.07 4.71 0.054
Intercept 1795.22

X -82.68 27345.92 8.06 0.036
X 49.10 9644 .83 2.84 0.153
X < X 97.72 38198.51 11.26 0.020
ng -35.06 8551.89 2.52 0.173
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X32 -53.68 20042 .24 5.91 0.059
)(22 < X -85.26 14537.75 4.29 0.093
X2 « X32 120.42 29000.23 8.55 0.033
Residual 3391.46
Lack of fit 7848.15 3.45 0.137
Pure error 2277.28
[0087] “R'=0.8682

[0089] [dAe] 8] HAwWA &<
[0090] HAAZHORE Y& 20.00 g/l SFH2~, 2.63 g/l EFHE, 10.62 g/l NafP0,, 3.00 g/1 KH:PO;, 0.50 g/1
NaCl, 0.24 g/1 MgSO,, 2 0.011 g/l CaCly& X33k W& wix oA 25° CollA 200 rpno2 wjdet A} Ay

2oy garero] 2052.8 mg/l2 SIHYT(E 6). ol Mo WAE HAAs ] Awrh 1 Aol 10w s
Fhe #A9L A,

1
g

k1
N
[y

STEP 1. PCR amplify FRT-flanked resistance gene
from template plasmid(pKD4_kanamycin resistance)

FRT
\—.
o N "

STEP 2. Transform linear DNA_pKD4 template to
pKD46-harboring E. coli JM109

H1 H2

Gene A waaF Gene B

STEP 3. Select kanamycin-resistant transformants

FRT FRT

Gene A m | GeneB

STEP 4. Eliminate kanamycin-resistance cassette
by using a FLP expressing plasmid pCP20

FRT
Gene A Gene B

_11_
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20 30 40
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20 4

1.5 1

1.0 -

0.5
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10

20 30 40
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Production of colanic acid by a mutant Escherichia coli
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<210> 1
<211> 72
<212> DNA

<213> Artificial Sequence

<220><223> forward primer

<400> 1

atggtgccgt ccattattat cgcggatgcc ggaagttaac gaagctattc ttgtgtagge

tggagctgcet tc

<210> 2
211> 70
<212> DNA

<213> Artificial Sequence

<220><223> reverse primer
<400> 2
gataaccctc cgcagcegtca cctttacgeca ctttgtgata gecggtaatc atgggaatta

gccatggtcc
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