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Abstract Acetyl-N-glucosaminyliransferase gene nodC was successfully cloned to Escherichia coli from Mesorhizobium loti .
The recombinant E. coli harboring nodC gene was able to synthesize chitooligosaccharides COs in MMYNG medium. In
optimized condition a yield of 526 mg/L. was obtained after 26 h cultivation in 10 L bioreactor. COs concentration reached up to
4.5% of the cell dry weight. The COs products were purified by charcoal adsorption and Bio-gel P4 chromatography penta-N-
acetylchitopentaose m/z 1034 M+ H * and tetra-N-acetylchitopentaocse m/z 831 M+ H *  were identified as the
dominating COs product using the method of liquid chromatography-electrospray ionization mass spectrometry LC-ESI-MS .

Key words chitooligosaccharides acetyl- N-glycosaminyltransferase recombinant E. coli 1.C-ESI-MS coupling technique
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nodC, nodC; 22pl. 100°C 3h
3 10mol/L. NaOH 500L
1001 100°C 15min
4 3mL DMAB > 37C
20min 530nm N-
COs COs A 1k
M. loti nodC, e
WC19  Lae e | noda 1n0dC ‘_nodl |
nodC DC,-3 jm . o -
p N N p
o A pISN
p_ LacZ | noda nodC nodl ' LacZ
®Cy-3)
1 1 pCL-3
Fig. 1  Construction of pCI-3.
1.1 A genomic organization of M. loti nod genes. PCR primers. FL-3
TAGGATCCAATTGGACGCTCGATGAGCGA RL-3 GCGAATTCA
L1.1 M. loi GTCTCGAATCGCCGCAAATCC. B PCR product was inserted to pUCI9
ACCC DH5a TaKaRa by BamH I -EcoR 1 digestion.
1.1.2 DC,-3 pC,-3 1.6 DC,-3
DH5«a DUC19 TaKaRa 1.6.1
pUC19 DH5a 100mL 500mL 35°C 200r/min
1.2 g/L 36h 2mL
1.2.1 MM 17.5 4.0 ImL Dry Weight DW
10.0 1.0 B1 0.045
10mL/L 50mg/L 1.6.2 150mL
5.0 0.85 0.14 MMYNG 1000mL 35°C 2001r/min
0.85 0.17 0.9 0.09 24h 5L MMYNG
1.2.2 MMNG MM + 0.2%N- 10L 35%C
1.2.3 MMYNG MM + 0.2%N- 10% ~
0.2% 20% Inpro 6800 METTLER TOLEDO
N- ODs Co, 7A%
Sigma 50% pH
1.3 6.8
O,
PCR TaKaRa SmL/min 2mL
1.4 nodC pC.-3 4h
1 100mL 2mL
1.5 1mL Wet Weight WW
1.5mL 4°C. 8000g 15min DW
1
0.5mL 100°C 1h
20min 30pL L7
4°C 12000g 20min  50pL Ol S B AR A RIS hec journals. infadon
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8000g 15min 1 1.8.2 HPLC Shim pack CLC-NH2 6.0
500mlL [.D x 150mm 40 C : - 75:25
-20C 37°C viv 0.5ml/min 10pL
1h 1h 208nm
4°C  12000g 1.8.3
20min 500mlL 10 L/min 4kV
1.7.2 500mL 100°C 30Pa
40g : =1:1 40C )
1h Whatman 4
1L 2.1 DC,-3
1L 50% 2.1.1
20mL MM MMNG MMYNG
4°C 12000¢g 20min DUC19 DC,-3
1
1.7.3 Bio-gel P4 1.5c¢m x 100cm 0.2% DC,-3
3mL MM
20mL/h 80mL MMNG  DC,-3 0.2%
2mlL/ 100 ~ 124mlL.
24ml, DuC19
1.8 LC-ESI-MS Agilent
Hp1100
1.8.1 Bio-gel P4 MM
200pL 4l MMYNG
1 36h
Table 1 Flask cultivation results of recombinant E. coli strains
Medium Strain ODsg DW of E. coli Cell mg/100mL culture  GlcNAc content mg/mL boiled cells  GleNAc content mg/g DW
MM DC. -3 0.21 31 0.21 13.7
DUCI19 1.51 216
MMNG 1]_))21.—3 0.33 53 0.72 27.2
MMYNG -3 1.38 201 2.97 29.6
DUCI19 1.57 221
2.1.2 6001 160.0
MMYNG 10 L S sof 500 &
2 :; 400 40.0 éﬁ 239
8h 2 300} 300 2 S'%
5 £S
£ 200} 1200 2 F
DCL-3 £ 53
5 100f 10.0 TS‘ m
4.5% ~ =
0 - ' : : : 00 ©
4.7% MM 0 5 10 15 20 25 30
t/h
MMYNG DC,-3 ) DC,-3
26h 32.3g /L Fig.2 COs production in the culture of recombinant Escherichia
coli strains DC; -3 were shown as COs content mg
. . A
4.65% ) in per gram cell dry weight and mg/L culture W

The growth behavior <> of the strain DCL-3 was shown as wet weight of
. coli cells per liter culture.
o SRR RN RABEE heto.
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2 DC.-3 26h 5%
Table 2  cultivation results of recombinant 0.25 §: =
E. coli DC, -3 in 10 L fermentator 020 s 9
. 2 =
. growth of DC;-3 GleNAc content GleNAc content ; o
Medium ) ]
g WW/L culture mg/L culture mg/g DW 0.15 -
N -
MM 32.3 332 46.5 S 010 o o g N
MMYNG 50.5 526 46.1 Ss s 28
005] 29 e Qo
R i N
2.2 0.00
-0.05
26 h 5 10 15 20 25 30 35 40 45 50 55
t/min
3 3 4 HPLC
Fig. 4 HPLC chromatogram with NH,-column
85% for chitooligosaccharides
P4 Shim Pack CLC-NH, 6.0 I.D. x 150mm Mobile phase acetonitirle
water=75 25 Flow rate 0.5ml/min Temperature 40°C  Detection
90% 208
nm.
100 ~ 124mL 594.5
4 P4 LC-ESI-MS
Table 4 Results by LC-ESI-MS method for samples
135 ~ 142mlL. from Bio-gel P4 purification
3 627 Retentn.jn mlz Putative COs Area
time/min percent /%
2900 @8 M+H * GleNA
£ sle >
5 201 20.56 * , e 5.10
E 80f 650 M+ Na * tri- N-acetyl-chitotriose
R + GleNA
7 o60r sy B MM e 45.94
% 501 853 M+ Na *  tetra- N-acetyl-chitotetraose
g Lor + GleNAe
g 301 3g.01 03 M+H e 45.44
= 20} 1056 M+ Na * penta- N-acetyl-chitopentaose
g 10}
5 00 ' : : o
80 90 100 110 120 130 140
Elution volume/mL 3
3 P4
Fig. 3 Size exclusion chromatography on Bio-gel P4 of nodC
COs samples produced by E. coli strain DC;-3
from charcoal purification UDP-GleNAce
3 1.5L
Table 3  Purification of COs from 1.5L culture 1.2%
of strain DHSa. pC, -3
UDP-GleNAc
Purificati ) Volume  COs con. Total COs Yeild/
urification steps /ol / mg/ml. /mg eild/ % MM UDP-GlcNAc
Boiled cell supernatant 500 1.51 755 100 Fru-6-P GleNAc-6-P GleNAc-1-P
Charcoal purification
H, 0,4 1000 0.03 30 4.0
50% Ethanol 20 32.23 645 85.4 phosphotransferase system PTS
Bio-gel P4 purification 160 3.85 616 81.6 6 GleNAc-6-P
*  Total volume of Bio-gel P4 purification was calculated as follows 20 X
24/3 = 160mL UDP-GlcNAc
2.3 LC-ESI-MS DC,-3 UDP-GlceNAc
HPLC 4 Bio-gel P4
31.28min  38.21min LC-ESI-MS 4
Bio-gel P4

20.56min © FERZEMEMFRFRTESHED htto:// journals. il 1P
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GlcNAc
nodC,
Samain E A . caulinodans
nodC, RACC
5
Samain 7
nodC MM
DC,-3
4.5% ~ 5% DC,-3
nodC
NodC
UDP-
GlcNAc Samain E
5 nodC

Table 5 Prediction of transmembrane helices and RaCC
Results for nodC; and nodC,

Number of Rare condons

Nod! Am

F: ount transmembrane Arg Leu lle and Pro
protein of AA X - -

helices Single  Double Triple
nodCy 396 4 30 3 0
nodCy, 425 2 14 0 0
2 8h

4.5% ~4.7%
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