wO 20207218876 A1 |0 0000 KO Y00 0 0

12) 53 g 5&9?311 o3l A FAEL
(9) A A A 4 A4 7] é} 0 OO0 OO Y OO A0

2R AP
10y A F/NHE

“3) A FTNL
9l 7g © WO 2020/218876 A1l
2020 3 10 € 29 ¥ (29.10.2020) WIPO | PCT

(51) FAEEF: A7 Al ohakE ek Z 8o A 15,5108%F 14043,

CI2P 19/04 (2006.01) CI2N 9/10 (2006.01) Gyeonggi-do (KR).

CI2N 1720 (2006.01) (74) 2l ¢l: E3 ¥ <l thul (DANA PATENT LAW FIRM);
(21 FA=YAE. PCT/KR2020/005439 06242 A4 7Tt a2 34 11 A4 A5,
(22) FAELY: 2020 4 9 24 2 (24.04.2020) Seoul (KR).
25) =9l shtol 81 AARF (L] A7 Sle g 7 s Re 7l =

W A e H3E ¢3}o): AE, AG, AL, AM, AO, AT,

(26) FMAo]: 3h-o] AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ, CA, CH,

30) SAARR CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO, DZ, EC,
T :

EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU
o o] » BG, B5, FL GB, GD, Gk, GH, » UL, HN, HK, HU,
10-2019-0049226 2019 %1 4 9 26 4 (26.04.2019) KR ID. IL, IN, IR, IS, JO, P, KE, KG, KH, KN, KP, KW, KZ.

(71) 99l 1y st 4+3+E e (KOREA UNIVERSI- LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK,
TY RESEARCH AND BUSINESS FOUNDATION) MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA,
[KR/KR]; 02841 A 2-A] Al &7 oFok =2 145, Seoul (KR). PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD,

N s . . SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,

(72) LA 217433 (KIM, Kyoung Heon); 06601 A eA] A UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

9 A 2T 4E 200, 185 8052, Seoul (KR). W&+ B o
(JIN, Yong Su); 61822 @] w05 kol sl 1y B4 AAF (= FA7} gl 3 7bs e T e o

3005, Tllinois (US). ¥ &3 (YUN, Eun Ju); 02841 4] &-A] W g o] R3S 93to]): ARIPO (BW, GH, GM, KE,
BT ok ok 2 145, Seoul (KR). 7 214 (KIM, In Jeong); LR, LS, MW, MZ,NA,RW, SD, SL, ST, SZ, TZ, UG, ZM,
02841 A12-A] A& QFetE 145, Seoul (KR). T3 7 ZW), ekl oF (AM, AZ, BY, KG, KZ, RU, TI, TM),
(HAN, Hyeong Min); 07694 A A 7hA - S8 = 67, ¥ (AL, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FL
118% 14043, Seoul (KR). #4Z} (YU, So Ra); 12285 FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,

MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM, TR), OAPI

(54) Title: COLANIC ACID PRODUCTION USING MUTANT E. COLI
G4 e e WA ZAWo] s o] 83k Zehy Ak At

25 2500 25
20 2000 = 20
] =7
5 =
o 151 F1500 o F15 2
10 1000 .2 110 S
—t— 00500 % o
05 —— Colanicacid (mg)  [°® < [°
—a— Glucose (o)
0.0 . . . . 0 Lo

0 12 24 36 48 60 [y

Time (h)

L]

(57) Abstract: The present invention pertains to a strain culture medium composition for mass-producing colanic acid, and a method
for mass-producing colanic acid using same. The ingredients and concentrations in the culture medium of the present invention were
optimized using a statistical method, and thus the culture medium can be used to significantly increase the produced amount of colanic
acid.

(57) L9bA: 1 we Hepd S OB ANRY] 98 w#F G A 2B L o2 olg3fe] Tehd AL 1)
% A el Bk lolth B Wyl Wk wAe] AR 9 Rt B4 WS ol a3l Aysa A
o5 o) 8 Abgehe] Febu Abe] AR 200 27hA 2 gk,



WO 2020/218876 A |10} 00 00 0000 O

(BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW, KM, ML,
MR, NE, SN, TD, TG).

T A ZALE LA 9 9| (FoF #2132 (3))

A9 BA TG g Ao Fo)olm, BAAE g
3k 7§ 2ol wato M F NS (12 48.2(h)

A AT o] A E = B 9 A (13 5.2(a)



PCT/KR2020/005439

7 A A
ol BT g ol §3 Fakd A A

WO 2020/218876

B
il

ﬂ%
o
o)
o

A4
b
ey

<)
=

=

S,

o] 7] 9

T

v
T

Fa

ks)

A

T .

o]

T

44
=)

o]

AR

[

ks)

= 7HAI AL 3lef A
=}, 3]

7}H o2

=N

T

[¢]

=
T

ZFA]

[e)

E(biofilm)<

hyi|
=

b1 7] o]t

A
vl

1 Azl of 173

A

o] "}o]
¥ A ik Febd AL vho] e W o] 33}

AFo] 3.4 kDadl AlE 9 UHEHF 59
FTE

=

T

4

3 A LA

A

OE]_
LA RE o 2] A2 V]

=]
TEE

=
o 2] A<t

T
T .

2

ks)

T .

b= Ao
A
o

],

5

==
L

Fo]

5

X

Bl
FAE TR 2L

F At ol] <5
el saAl, HE A, A FAA, 73 SHA = 2o

7] & HoF
| 47 &

3%
T

-

ol

1

ko)
-

sl oh3
A7-5

}

=
-

s
/\g A

DR
_[E_l_

1

ko)
-

_(H

[e)

=

ehe] abe] oAt
Blolt}. A4 = thE £ el A o e

B A A o] W stel] utel A

3

23!

Ak
=

(M7=

BE

[4]
[5]
[6]

0
il g

3

Front. Microbiol. 6:496(2015), Bacterial exopolysaccharides: biosynthesis pathways

and engineering strategies.

o FAE 4
7143 3A)

‘.mo
ol

1



WO 2020/218876 PCT/KR2020/005439

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

waaF GAAE A ASHE EdAs A AGHE
EETE TRy P
TR AT

pekskar, ui <k wj A A ?ﬂé o =

H
4+ IM109 ?TETH waaF - AAE A AsEe] =AW o] )4+ IM109
Az DH#]

¥
N
it

0

Sy

2

PN

A

it

> 2o
™ [‘E

ﬂ%?&}ﬂ IM109 5 8 v Al el A et wA|; =
o

ke
ot
P‘L
rr
iy
)
g
rl 2
EE

ot
>
£y
-
2
:L_’4
ot
Q‘L
5“:

L%
e

E{

=)

>
o
©
ofo
ol
_& o

2 IM109 %TETH waaF A2 A A7

=) Xlﬂ 0}71 Agt A H FAA 22) 7o) AlgHglol

o] FA AN A A e A=z, & 1o A E Hr-d =
waaF AR 7 AAR EA- o] o) IM109 i

o
>
il

o X
ol
i

BN BN oo
yo, o

2 2
> Im

U
jdogrl{‘
o, @ o po i Q
(o]
rmOE;m\l
A2 0

> p

i
o o
—101‘(“

o> =yl e

ey

9
)
*

Tz, EYE B AU EFNa,HPO )&

, 3P EF(NaCD, A 1H] 7 (MgSO 4), 91 3H2 77 (CaCly) &
HZPO Je F7hR U g = gl

an F312 10 WA 30 g/, SIMPYEF 7 WA 15g/, AAHEE 1
! @f»}lé?r 0.1 WA 1gN, EHE 1 WA 5 g1, St 0.1 WA
0.5¢1 % @fﬂ 0.005 WA 0.02g/1 &5 ¥38 5= O‘E}.

Vg 2E S o m wA o H A 35S el R &) A A (fractional
factorial design), #5451 (steepest ascent method), HH-5- 3 H ¥
surface methodology) ¥} 72 & A 4 ¥ & o] 8-3}o], v #| &
thFst At Soll A FHepa A AR 7Hd 2 S VA= HTES
AR e A3 21 5 H A ekl (b a8 0= ujx] ¢
HA271E& A5kl

olof upe}, B g o] F-A A Q1 A A| oo A, H A H wE mA = FF T2 20

f
N
2
kol

m =
x
rlr
i
_{

s

—~

ro kK
w
X0,
k

Of r>, ook
mﬁ ok

T, T

o PR

=
A
U]—I
o2,

31



WO 2020/218876 PCT/KR2020/005439

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]
[31]

[32]

g/l, AAHFEF 10.62 g/, IAHE 3.00 g/1, A3 EF 0.5 g1, EHE 2.63 g/,
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A7) EE A e A EA o] dl A 9] vl 2 20 WA 30°Ce A e E
T JaL, A A 0 2= 25°Cl Al E S Sl
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Hj ket GAE vl 2318 4= o
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Fhntol Al A& 71 2, D waaF ] &% 7% F-9 (flanking regions) ¢} -5 4 &
74 = Y 22 E 9 (upstream) 2 Th# 22 E ¥ (downstream) A A& E 5=
M AeH & PCRE B3l S35 A1 71t

A7l AE e SFol| AbEE Zebol A E= v Ao
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1]

FERUMAY =g 43
Independent variable o Level®

1 Variable

(g’ ) -1 0 -1
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. 1.5 3.0 4.5
X MgSO, 0.12 024 036
Xs CaCl, 0.005 0.011 0.017

=X -20)10;x2=(X> - 1.5)/0.5;x3=(X; - 6.78)/3; x4=(Xs - 3)/1.5;

N5 = (X5-0.24)/0/12;:x6=(Xs - 0.011)/0.006
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[69]

Run x1  x x3 x4 a5 X6 Y1 (CA:mg/l)? Y2 (ODs09)?
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 o o0 o 0 0 O 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 1287.0x13.1 2.43+0.03
10 -1 -1 -1 1 -1 1 224.0=x11.7 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

Pata were expressed as means + standard deviations of triplicate experiments
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[3%3]
FERAMAY 2 3} 3] A4 &4
Source Coefficient estimate Mean square  F-value  p-value:
Model 117087 13.09 0.028
Intercept 513.4 0.000
X 352 19814 222 0.233
X 159.3 405992 45.40 0.007
X 2123 720865 80.62 0.003
X -35.1 19679 2.20 0.235
X 33.9 18363 2.05 0.247
X1 X X -33.5 17977 2.01 0.251
X1 X X 34.0 18493 2.07 0.246
X 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.
*R?=0.9839
[70] [LA 4 7] H T2
71 REeluA el AEE T gRe) AEns 9] A6 4 o
A ES dobd 5 = AT WS Ak, 4R FE e el
F AR BE S0} ol 4R Sep Abe] Yatgo] FIhSEE T YR
FEE gol Folrb F AP LS Fehd A PAFL S ste] T YR
A9l H A E S Gollth T 43 A PR F R FE
ol A% SHepy] abe] ikl Fbateizh 1 AN A AR ak2
el Sict uhelbd EREL 290 g/, Al 2914 Y EF-2 10.98 g/l 20 A
9270 92 Helstgint
[72]

[73]



10
WO 2020/218876 PCT/KR2020/005439

Run X> X CA (mgl) ODsso

1 1.50 6.78 12249=114 1.52=0.06

2 1.70 7.38 1326.7=783 1.70=0.01

3 1.90 7.98 139131794 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
[74] [AA] ¢ 8] 54 &4 Al & W (central composite design, CCD)2 53 EH Y3
[75] HAadsBolA U A9 E g e s EYWE 9 Na ,HPO .9 &5 tf =9

AAZAL AT Z 3] A A E WL 2 A5 o)

[76] TAA R, Ao b A A S g2 7] M A AR G EHE R

Na ,HPO )¢ H 4 s & AAsl7| Ysl, CCDE= 5 719 2= 4k(-1.414,-1,0, 1
2 141402 P E o) F 7HA] A (EHE 2 Na,HPO )9 ZE 442 o+
A& ALEso] AL E Sl

[77]
X; — X

[78] 3] Ao 7| 23] EYE 2 Na,HPO,9] 4 555 /«] @ o] 4 5} 7]
A8l 32 R et 3a Bl o] A& vhe a2
[79] 22,
y=byt Lo+ Lopx+ % 3chj+2b4fr§+Ebsagf+2bsx§x}«+zb,zixf
[80] 71 xi D xji= =7 W4re] I gholal yi= o 25 Seh(Ealy A
*ME‘E)O]E} HES- (y)°l 3%% e = theket 819 A5 bo, b, ba bbb
oo AH (b), 1F (b1,b2).2 84 4T HE (02,27 (bsbs) %37 (b b

5% wJehalch Sohe Ak A2l 1 34 RS 7 A 3] £
Faste] At 1A E 2EE vl S 2 Design-Expert 7.0 (Stat-Ease,
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Minneapolis, MN, USA)2 A}-8-3Fo] Z2ly 4k A4t
ol HA s E 3] el vhg W %

[81] A= 3E 59 gol vsker, 3974
AR S 2 EfE 3} Na ,HPO 9] -5 520l uhE Freb A AAks
THER T thE5). 1% Feby Ak H AL S ol Fojull= A&
Ztol A gkl Al el & I shglth.

[82]
[83]  [3E5]
SAEAAIAY 4244, 2%
Factor®
Run CA (mgl)® ODgoo®
X3
1 -1 1771.3=37.2 2.53=0.01
2 1 1503.6=48.9 2.57%0.03
3 -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 0 1873.4=112.0 2.56=0.11
8 -1 1651.3=221.6 2.33=0.08
9 0 1639.5=61.7 2.69=0.09
10 0 1808.7=110.8 2.71=0.02
11 0 1840.2=171.0 2.68=0.13
12 1 1774.5=101.0 2.62=0.10
13 1.414 1788.6=188.9 2.72=0.01

2= (X3 -2.9)0.2;x3=(X; - 10.98)/0.6
*Data were expressed as means = standard deviations of triplicate experiments.

[84]
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SHeEA3Y 23 A A 24

Source Coefficient estimate Mean square F-value  p-value
Model 15961.07 4.71 0.054
Intercept 1795.22

X -82.68 2734592 8.06 0.036
X 49.10 9644.83 2.84 0.153
XN X X 97.72 38198.51 11.26 0.020
X! -35.06 8551.89 2.52 0.173
X5 -53.68 20042.24 5.91 0.059
X X X, -85.26 14537.75 429 0.093
X X X3 120.42 25000.23 8.55 0.033
Residual 3391.46

Lack of fit 7848.15 3.45 0.137
Pure error 2277.28

*R2=0.8682

[85] [AA] o 81 H A A &<

[86] AR XA SR L2000 g/l FF32,2.63 g/l EHE, 10.62 g/l Na ,HPO ,, 3.00
g/l KH ,PO 4, 0.50 g/l NaCl, 0.24 g/l MgSO ., 2 0.011 g/l CaCl ,< £ 3tal= ub g
| ] o) A 25°Coll A] 200 rpm &2 W) gk A 7 H o) Fefe AAkEFol 2052.8
mg/lZ R E ATHE 6). o)== M9 W A1 & H A &sl7] AE T 1 AikeFo] 10w
7heE Sk A s FeleksiT.

[87]
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A8
713 1] o IM109 5= 258 waaF A AE A 71 8lo] E o] thadt
IM109 o5 A z28h= 9A; 2
7] Az Bd o] thd IM109 755 & Wi Aol A wlj k=

, B

[%d 73 2] Al 1336 Qlof A,
A 7] vk g v R = S5 Z 2 (glucose), E HE(tryptone) X ALY EF(Na,
HPO )& ¥3tsh= A%, Zebe A A4k,

[ 3} 3] Al 28} 9l of A,
7] A= ?iﬁ‘rUrE‘Ef(NaCl), Fabuk 1H] 5 (MgSO ),
3} ZH 47 (CaCl ,) 2 AAHZE(KH PO )& U] E3+ali= 7, Zabd A
A4

[ -8} 4] A 3l loj A, 7] dhE A= FF 22 10 WA 30 g/, AR ERF 7
WA 15g/1, JAEE 1WA 51, AU EF 0L WA 1 gl EHE 1 WA
5 g/l, A4 0.1 WA 0.5 g1 2 28245 0.005 WA 0.02 g/l &
sEshebE A, ek AF ALk,
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STEP 1. PCR amplify FRT.flanked resistance gene
from template plasmid(pKD4._kanamycin resistance)

4,
7, FRT FRT
e

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

i H2

- GeneA || waaF | GeneB -

STEP 3. Select kanamyein-resistant transformants
FRT FRT

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

FRT

GeneB

PCT/KR2020/005439
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