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Optimization of heparosan synthetic pathway in Bacillus
subtilis 168

Linpei Zhangl’z, Hao Wangl’z, Zhengxiong Zhou'?, Guocheng Du'?, Jian Chen'?,
and Zhen Kangl’2

1 Key Laboratory of Industrial Biotechnology, Ministry of Education, Jiangnan University, Wuxi 214122, Jiangsu, China
2 School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu, China

Abstract: Heparosan is the start point for chemoenzymatic synthesis of heparin and it is of great significance to
efficiently synthesize heparosan in microorganisms. The effects of overexpressing key enzyme genes of the
UDP-glucuronic acid (UDP-GIcUA) pathway (pgcA, gtaB and tuaD) or the UDP-N-acetyl-glucosamine (UDP-GIcNAc)
pathway (g/mS, gimM and g/lmU) on the heparosan production and molecular mass were analyzed in the constructed
heparosan-producing Bacillus subtilis ((1.71£0.08) g/L). On this basis, heparosan production was increased to (2.89+0.11) g/L
with the molecular mass of (75.90+1.18) kDa through co-overexpressing the tuaD, gtaB, glmU, glmM and gimS genes in
shake flask cultivation. In the 3 L fed-batch fermentation, heparosan production was improved to (7.25+0.36) g/L with the

molecular mass of (46.66+2.71) kDa, providing the potential for heparosan industrial production.

Keywords: heparosan, Bacillus subtilis, pathway optimization, production, molecular mass
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(Heparin HP) Pasteurella multocida
[ Zhang E. coli BL21 (DE3)
2] [16]
B E. coliK5 KfiC Kfid
[2,4] [5]
[5] [6-7]
3]
(8]
UDP- UDP-Glc
[-10] UDP-GlcUA 71 Zhang
[1,11] [16]
Roman E. coli K5
51 Lidholt
(Heparosan) UDP-GIcNAc
(GIlcUA) N- (GleNAc) UDP-GIcUA UDP-GIcNAc
B-14  o-1,4 (12-13] [19]

Escherichia coli K5
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1.1.2 DNA marker
(17 Tag DNA ( )
UDP- DNA marker TaKaRa ( ) PCR
( 2 «C )
[5] ( )
UDP-GlcUA UDP-GIcNAc 1.2 ERE
3L 1.2.1
7.25 g/L LB ( 10 g/L 10 g/L
46.66 kDa 5 g/L)
1 1.5 g/L
20 g/L pH 20 g/L
L1 ## 1.2.2
1.1.1 50 g/L( ) 15g/L3L
) 20 g/L 2 g/L
1 1.5 g/L 50 mmol/L pH  7.00!
F1 AXFTRBRNSEK
Table 1 Plasmids and strains used in this study
Name Description Source
Plasmids
pP43-D pP43NMK derivate, P;-tuaD [24]
pP43-DB pP43NMK derivate, Pys-tuaD-gtaB [24]
pP43-DBA pP43NMK derivate, Pys-tuaD-gtaB-pgcA [24]
pP43-U pP43NMK derivate, Py;-glmU [24]
pP43-UM pP43NMK derivate, Py;-glmU-glmM [24]
pP43-UMS pP43NMK derivate, Pys-glmU-gimM-gimS [24]
pP43-DU pP43NMK derivate, Py;-tuaD-gimU [24]
pP43-DU-PBMS pP43NMK derivate, Pys-tuaD-glmU-P..,-gtaB-glmM-glmsS [24]
Strains
B. subtilis E168H B. subtilis 168 derivate, AlacA::Pyyr-kfiC-kfid, Em' [5]
E168H/pP43-D E168H derivate, overexpression of tuaD gene This study
E168H/pP43-DB E168H derivate, co-overexpression of tuaD and gtaB genes This study
E168H/pP43-DBA E168H derivate, co-overexpression of tuaD, gtaB and pgcA genes This study
E168H/pP43-U E168H derivate, overexpression of glmU gene This study
E168H/pP43-UM E168H derivate, co-overexpression of glmU and glmM genes This study
E168H/pP43-UMS E168H derivate, co-overexpression of glmU, gimM and glmS genes This study
E168H/pP43-DU E168H derivate, co-overexpression of tuaD and glmU genes This study

E168H/pP43-DU-PBMS E168H derivate, co-overexpression of tuaD, glmU, gtaB, gimM, glmS This study

http://journals.im.ac.cn/cjben
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F2 AXHTHBIGIY
Table 2 Primers used in this study

939

Primer name Primer sequence (5'-3") Size (bp)
P43-F TGATAGGTGGTATGTTTTCGCTTG 24
tuaD-F GTGAAAAAAATAGCTGTCATTGGAAC 26
tuaD-R TTATAAATTGACGCTTCCCAAGTC 24
gtaB-F ATGAAAAAAGTACGTAAAGCCATAAT 26
gtaB-R TTAGATTTCTTCTTTGTTTAGTAAAC 26
pgcA-R TTATTTTGCTGTTGACTCAACAA 23
glmU-F ATGGATAAGCGGTTTGCAGTTG 22
glmU-R TTATTTTTTATGAATATTTTTCACATAATC 30
glmM-F ATGGGCAAGTATTTTGGAACAGACG 25
glmM-R TTACTCTAATCCCATTTCTGACCGG 25
glmS-R TTACTCCACAGTAACACTCTTCGCA 25

1.3 EFHZE

1.3.1
25 mL
250 mL
50 pg/mL 37 ‘C 200 r/min 16 h
1.3.2
10% 50 mL
( 500 mL)
50 pg/mL 37 °C 200 r/min
48 h 2 h
20 g/L
133 3L
150 mL (
500 mL) 37 °C 200 r/min
16 h 10%
1.35L 3L
50 pg/mL 2h
20 g/L 5 mol/L
NaOH pH 7.0 37 C
8 h 600 r/min 8 h
800 r/min 2.0 vvim 800 g/L
5 g/L

0-5g/L  812h

® 010-64807509

7.5 7.5 15 10 g/(L'h)
5 g/(L'h)

14 A%

1.4.1

50 pg/mL
PCR
2 pP43-D pP43-DB

pP43-DBA pP43-U pP43-UM pP43-UMS
pP43-DU  pP43-DU-PBMS P43-F/
tuaD-R tuaD-F/gtaB-R gtaB-F/pgcA-R P43-F/
glmU-R  glmU-F/glmM-R  glmM-F/glmS-R
tuaD-F/glmU-R  glmU-F/gtaB-R

1.4.2
1 mL 12 000 r/min 2 min
600 nm
(0.25-0.80)
1.4.3
10 000 r/min 5 min
3
4 C I h
5 000 r/min 10 min
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4°C

[20]
530 nm
(0.25-0.80)
1.4.4
(M)
(M) I, (&
My /M,)
(HPSEC-MALLS)
0.1 mol/L

Ultrahydrogel Linear (300 mmx7.8 mm

Waters Co., Milford, MA, USA) 0.5 mL/min
50 C 20 uL
(Wyatt Technology DAWN HELEOS
Santa Barbara CA USA)

(Optilab Rex  Wyatt Technology Co., USA)
1.4.5

1 mL 4°C 12000 r/min
2 min 0.22 um
HPLC 5]
(70 30 VIV)
A
per Fru-6-P
Gle Glc-6-P._‘_\A Pentose phosphate rlgln;g
[pec pathway " GICNZ6-P
Gle-1-P Glycolysis pathway * | glmM
| gtaB GIcN-1-P
glmU
UDR-Gle GIcNAc-1-P
tuaD y glmU
Cell wall <~-UDP-GIcNAc UDP-GIcNAc¢ ~>C

Heparosan

BEl1 HRERERREMLL
Fig. 1

NH, (4 mmx250 mm)
32°C 10 uL
(Shimadzu RID-10 A)

1.0 mL/min

2
21 FEHZRAEREREMECEAFENHNE
1A
UDP-GIcUA  UDP-GIcNAc
B. subtilis 168 U B subtilis

168

KfiC kﬁA[zz-zs]

KiC  kfid
[5]

UDP-GIcUA 6-
(Glec-6-P)  UDP-GIcNAc 6-
(Fru-6-P)

[21]

UDP-GIcUA  UDP-GIcNAc
[17]
UDP-GIcUA UDP-GIcNAc

Py

pP43-D L suan-
pP43-DB -£ s> v
pP43-DBA £ s e s

4

pP43-UM st s
pP43-UMS ﬁpc-a-o-
pP43-DU fu-u- .

wall

pP43-DU-PBMS ;0-.-4 lgtaB | glmM © glmS -

Optimization of the heparosan synthetic pathway. (A) The biosynthetic pathway of heparosan in B. subtilis. (B)

Organization of the constructed plasmids containing the overexpressed pathway genes.

http://journals.im.ac.cn/cjben



KIS FRFMACRUHETFRITES I ERIG

B. subtilis
PCR 8

2 PCRIGIFERME

FRTE

Fig. 2 Confirmation of the recombinant B. subtilis by

PCR. The numbers 1-8 signify the recombinant strains
with plasmids pP43-D, pP43-DB, pP43-DBA, pP43-U,
pP43-UM, pP43-UMS, pP43-DU and pP43-DU-PBMS,
respectively; M: DNA marker.
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Cell growth (ODy,,)

22 MRALRFRRMASE RIREEE =20
8 B. subtilis E1I68H
48 h 3
3A
tuaD
(2.65+0.13) g/L UDP-
(tuaD ) UDP- (UDP-Glc)
UDP-GIcUA
(16-17] tuaD  gtaB
UDP-Glc UDP-GIcUA
(2.3240.05) g/L
tuaD  gtaB Glc-6-P
UDP-GIcNAc
UDP-GIcUA KfiA
UDP-GIcNAc
(18]
UDP-GIcUA
35 ——OD (E168H) 135
—=— 0D (DU-PBMS) )
30 F —— Production (E168H) — 130
—— Production (DU-PBMS) - !
251 12.5 ~
2.0 E’D
20 F 12. §
15+ 115 £
53
10 41.0 =
st {0.s
0.0
0 60

Fig. 3 Flask cultivation of the B. subtilis strains producing heparosan. (A) Effect of overexpressing biosynthetic
pathway genes on heparosan production. (B) Time courses of cell growth and heparosan production from the
recombinant B. subtilis E168H/pP43-DU-PBMS and the control B. subtilis E168H in flask cultivation.
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UDP-GIcNAc  KfiA
a UDP-GlcUA
tuaD gtaB  pgcA
((2.374£0.02) g/L) tuaD  gtaB

pgcA

(24] Glc-6-P

UDP-GlcNAc
glmU
(2.06+0.10) g/L UDP-N-
(glmU ) 1-
(GIeN-1-P)  UDP-GIcNAc
gimU
gimM ((1.9840.04) g/L)
6- (GIcN-6-P)
glmS
(2.30+0.22) g/L

)

(glmS

tuaD  glmU (2.52+0.06) g/L
tuaD gtaB glmU glmM
glmS
(2.89+0.11) g/L 69.01%
UDP-GIcUA  UDP-GIcNAc
[17,19]

3B
pP43-DU-PBMS

[16-17]

UDP-GIcUA  UDP-GIcNAc

http://journals.im.ac.cn/cjben

2.3 MU RBIERSHEEERN S FER

A

[17-19]
8
MALLS-SEC 3
tuaD tuaD-gtaB M,
(67.70£1.29) kDa  (71.40£1.82) kDa
UDP-GIcUA
E. coli
K5 UDP-
[18] E. coli
B. subtilis  UDP-GlcUA
pged M,
((53.65+2.06) kDa)
glmU glmU-glmM
glmU-glmM-gImS My,
((61.12+0.98)—(73.83+1.65) kDa) UDP-
GIcNAc
Lidholt 1ol
[24-26]
tuaD glmU M,
(58.79+0.80) kDa tuaD-
gtaB-glmU-glmM-gimS My
(75.90+1.18) kDa UDP-GIcUA
UDP-GIcNAc
[17,19] 8
4y 3)
1.09-1.42

(1.09-1.16)
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64 h
24 AEEESHIABHERHAR (7.25+0.36) g/L 2.51
B. subtilis tuaD
E168H/pP43-DU-PBMS 3L 3L 72 h
((5.82+0.17) g/L)"!
5¢/L 800 g/L M,  (46.66£2.71)kDa( 3)
0-5 g/L 4
I, 128 3L
x3 FAMARPHERIEHSFE
Table 3 Molecular weights of heparosan in this study
Strains ‘M, (kDa) "M, (kDa) ‘I
B. subtilis E168H 39.72+0.78 30.95+0.93 1.28+0.02
B. subtilis E168H/pP43-D 67.70+1.29 49.36+1.91 1.37+0.06
B. subtilis E168H/pP43-DB 71.40+1.82 59.50+0.95 1.20+0.03
B. subtilis E168H/pP43-DBA 53.65+2.06 37.78+0.77 1.42+0.09
B. subtilis E168H/pP43-U 61.12+0.98 51.36+1.35 1.19£0.11
B. subtilis E168H/pP43-UM 62.03+1.23 56.39+1.66 1.10+0.02
B. subtilis E168H/pP43-UMS 73.83%1.65 59.04+0.62 1.25+0.04
B. subtilis E168H/pP43-DU 58.79+0.80 50.68+0.88 1.16+0.03
B. subtilis E168H/pP43-DU-PBMS (shake flask) 75.90£1.18 69.63+1.26 1.09+0.05
B. subtilis E168H/pP43-DU-PBMS (3 L fermentor) 46.66+2.71 36.42+1.44 1.28+0.08

* The weight-average molecular mass (M,,); ° The number-average molecular mass (M,,); ¢ Polydispersity index ).

60 1 —-Cell growth (ODy,) ¥k

-+ Heparosan (g/L)m“ /}W 17 114

~ 50 \—v— Sucrose (g/L) /i 6 3112
Q 4ol e s2log
g 40 e 1582 110 ﬁ)
£ 30 19202
: £ l6 g
& 20 | Lels 2
5 B=n

O 10} N K

oMt o Jo

10 20 30 40 50 60 70

t (h)

4 E4HH B. subtilis E168H/pP43-DU-PBMS 7£ 3 L
PRI HEIE S
Fig. 4 Fed-batch fermentation of the recombinant
B. subtilis E168H/pP43-DU-PBMS in 3 L fermentor.
Time courses of cell growth, sucrose concentration and
heparosan production.
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3
UDP-GIcUA UDP-GIcNAc
8
tuaD gtaB gimU glmM  glmS
2.89 g/L 75.90 kDa
3L
7.25 g/L
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46.66 kDa
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