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are important precursors for the synthesis of glycosaminoglycans, which have a wide range of
applications in the fields of medicine, cosmetics, and healthcare products. The traditional
production methods of GIcN and GIcNAc have many drawbacks, such as environmental
pollution, raw material limit, and unsuitability for people with seafood allergies. Therefore, the
microbial fermentation for producing GIcN and GIcNAc has attracted increasing attention.
[Objective] To explore the molecular modification for producing GIcNAc by microbial
fermentation and optimize the fermentation conditions for increasing the production. [Methods]
Firstly, the gimS from Escherichia coli MG1655 and gnal from Saccharomyces cerevisiae were
co-expressed in E. coli MG1655 by the pTrcHisA vector. CRISPR/Cas9 was then employed to
knock out the genes responsible for GlcN and GIcNAc¢ transport and metabolism to improve the
production of GIcNAc. Finally, the fermentation conditions were optimized to further increase
the production of GlcNAc. [Results] The RY-5 strain was constructed by the molecular
modification. The production of GIcNAc by RY-5 reached 2.36 g/L after shake flask
fermentation for 20 h, which was 29 times that by RY-1 strain. After optimization of the
fermentation conditions, the production of GlcNAc reached 7.74 g/L, which increased by 2.3 times
compared with that before optimization. [Conclusion] This study successfully developed a
recombinant E. coli strain producing GlcN and GlcNAc, which launched a foundation for the
industrial production of GlcN and GIcNAc by microbial fermentation.

Keywords: Escherichia coli; glucosamine; N-acetylglucosamine; CRISPR/Cas9; optimization of
fermentation conditions
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Table 1 Comparison of common production methods of GlcN
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AR Y4 glmSEE K (7 RS O NC_000913.3),
EAHS9) tre-gnal-F (5-AATCGGTTACGGTTG

AGTAACTCGAGAGAGGTATATATTAATGTAT
CGATTAAATAAGGAGGAATAAACCATGAGC
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Pathway by the GlcN and GlcNAc production in recombinant Escherichia coli®!!.
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Table 2  Strains and plasmids used in this study

TR/ TR B[R R KRS SOk

Strain/Plasmid Genetype Source or reference

E. coli IM109 recAl, endAl, gyrA96, thi-1, hsdR17, supE44, relAl, Invitrogen
A(lac-proAB)/F’ [traD36, proAB’, lacl? lacZAM15]

Saccharomyces cerevisiae S288C Invitrogen

E. coli MG1655 F~, lambda™, rph™ Invitrogen

RY-1 E. coli MG1655 contained the expression vector This study
pTrcHisA-gImS-gnal

RY-2 E. coli MG1655 AnagB AnagA This study

RY-3 RY-2 contained the expression vector pTrcHisA-glmS-gnal This study

RY-4 E. coli MG1655 AnagB AnagA AmanXYZ AnagE This study

RY-5 RY-4 contained the expression vector pTrcHisA-glmS-gnal This study

pTrcHisA E. coli episomal plasmid, Trc promoter, rrnB T1 terminator, PR AP A RN E
Amp', induced by IPTG Miaolingbio. Inc

pCas repA101(Ts), Kan', Pea-€as9, Py aa-Red, lacl®, Pye-sgRNA-pMB1  [32]

pTargetT pMB1, aadA, sgRNA [32]

pTrcHisA-gimS-gnal pTrcHisA with glmS (from E. coli MG1655) and gnal (from This study
Saccharomyces S288C)

pTargetT-AnagB Constructed for knocking out nagB gene This study

pTargetT-AnagA Constructed for knocking out nagA gene This study

pTargetT-AmanX Constructed for knocking out manX gene This study

pTargetT-AmanY Constructed for knocking out manY gene This study

pTargetT-AmanZ Constructed for knocking out manZ gene This study

pTargetT-AnagE Constructed for knocking out nagE gene This study

CAAAACAGCCAAGCTTCTATTTTCTAATTTG
CATTT-3")LABRIA B# B EE R 24H DNA ARy 1
gnal K (RS A NC_001138.5), PCR JZ )i
A% (50 pL): Phanta® HS Super-Fidelity DNA
polymerase (1 U/uL) 1 uL, | . Fi#5[47(10 nmol/L)
& 2 uL, Biki(100 ng/uL) 1 uL, dNTPs (10 mmol/L)
1 puL, 5xSF buffer 10 uL, ddH,O 33 pL., PCR [
4. 95°C 1 min; 95°C 10s, 55°C30s,
72 °C 2 min, 30 ME#F; 72 °C 5-7 min, |
JC4E i E S Neo 1 F1 Hind 11 Bk v 1k
i pTrcHisA 1K | .
1.2.2 EHEHHESHIE

W5 A R K AT MG 1655 K 235 3[R 4
B T RE B AR RY-2 F1 RY-4 i £ iz 25 40 i
SR B IE 1 19 3R 38 2K pTreHisA-gimS-

gnal ¥ ALIRZBMM, FIASHATNEFER
(100 pg/mL)[) LB -ttt i ik , 37 °C fH i 3%
FATRERE R, RIS EH TR,
1.2.3 EFERER

A58 b B R B B BR N
CRISPR/Cas9, ¥ P8 Bk pCas TRl
donor JFifi, F:H donor ki 4ESF I sgRNA
FN A PR donor 4H A%, donor JHi k7 F#4 £ 5 ik
BB AL, Sok AL EAL , X5 F PCR
PIERATH sgRNA FI1_E | i [] 5VE F1) FH 4%
b T HE R Ok, BIAT3RA3 564 donor kP,
PCR W44 £ (50 pL): Phanta® HS Super-Fidelity
DNA polymerase (1 U/uL) 1 pL, . F#E5149)
(10 nmol/L)4% 2 uL, £54% (100 ng/uL) 1 uL, dNTPs
(10 mmol/L) 1 pL, 5xSF buffer 10 uL, ddH,O 33 uL,
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PCR S v 51F: 95°C 1 min; 95°C 10s, 55°C
30s, 72°C 1 min, 30 M§EIH; 72 °C 5-7 min.
HARSERE L R Q] 2PH R
1.24 %(BFZE

TR R  RARICR BV , PRk
VEEF 2 3 mL LB 3592 25 (% 100 pg/mL 24 R F
5%, 37 °C. 220 r/min FEIRIEFE 9 h FA5FF
V5 Kl I IR 1% ) R it e D 2 R IR o
FE(F 100 pg/mL Z N H# R), 37 °C. 220 r/min
FEIRYEFR , TEEIAVRE ODgoo 155 0.6 BFIMA
IPTG i35, 4kSL3E5% 24 h, FTA BRI R TR 6
K 3 AT
1.2.5 F=HYNzE

GIcN Jll %2 >k A Elson-Morgan 2% , BUA B2
3% 0.5 mL THIEERE A CBENERG] 1.0 mL

y

Chromosome

Step 2

pTargetT or

2 WRRRGESHITERERERTREERD

90 °C /K 1 h, FZEEBMA 96% (IRFH%0)
Z B 10 mL; Jm A & L 0K g
(4-dimethylaminobenzaldehyde, DMAB) i 7
(0.53 g %f ZH IR RS T 10 mL e ER RN
10 mL 96%Z. fEH) 1.0 mL, RS54 )5 =Ii
B 1h, FASOEETHIE 530 nm ZWEGIE,
AR PEFRE LT GleN f=&t .

GlcNAc 5 >k FH Reissing ¥, BUE T I
1 0.25 mL, A PUBER#0 0.05 mL, 1B
51 B 7KIE 3 min, ZRJE A 1.5 mL PDABA it
A1 g X AR PR F 10 mL % 12.5%
BRI WK SR, 4°CO-AF, I T
DL 9 Rk O IRF B ], TRAIJE 37 °C K
% 20 min, A A5 6EE T E 585 nm ALK
Al , JEARTEPRME M L5 GleNAce 7 Ht .

Chromosome

— X1 E—

pTarget
‘ pMBI ot

Chromosome

— X1 X2 —

Step 6
A
Chromosome

[32]

Figure 2 Flow diagram of continual genome editing with the two-plasmid system"*-.
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NS GleNAc 75 BURIETE E. coli MG1655 2035

R, PR T pTrcHisA 44, 7E Nco I il
Hind 111 B Y17 546 A glmS Fil gnal JEH, T4 7%
PCR B 4 M i D (&1 3)Jm I e kA5 58 42
IER R F A F k3K pTrcHisA-gimS-gnal, 75
A E. coli MG1655 ', 133 F 4 TR E K RY-1,
Pl E. coli MG1655 75 FAXT IR, 7EFEI
KT TAEERE RY-1, 525 At IRM L, Fdl
THERPE RY-1 AO4H IR 2 5B W REAR (A 4A),
AIRE R FA T EA A 5 T LI FEIR Y
I RIRAMESI AL, RfE E ARSI T
T, FER IS0 o AR A I A R 7
BRZGUREEESE 24 h, KL KEE, BRI E
R EFER AR e, 2 FO Rk
GIeN 1775 H 85.67 mg/L, RY-1 ¥ GleN =& Wy
129.45 mg/L, FETFXTREHIRTE T 51.1% (K 4B).
RY-1 F#k GleNAc 7754 77.71 mg/L, T X} I

150

—_

(=

(=
T

GleN (mg/L)
n
[==]

X
S

B 4 TITFEE% RY-1F0 Escherichiacoli MG1655 445 GleN 1 GleNAc & =& bL ik

3 E% PCR WIE/RAL pTrcHisA-gimS-gnal
M: DNA Marker. 1-6: TR RFk RY-1 BA A
o RE T 7K

Figure 3 Colony PCR verification of recombinant
vectors pTrcHisA-gimS-gnal. M: DNA Marker. 1-6:
Different single colonies which Escherichia coli

MG1655 contained the expression vector pTrcHisA-
glmS-gnal (RY-1).

Ptk E. coli MG1655 H1JG GleNAc A= (¥l 4C).
5IRFRW], AT A FH i 2 KB B ASMETIA
gnal FERF Pt FRik, TERIGFFE MG1655 15 £ H
BN T N-C B2 S AN g A

@%

. C 100r
_L
5 80} ]
f=T1]
E 60f
2
< 40f
=2
S 20f
A 0 iy
N b >
& &
S

A W TR

5 RY-1 A KM L EE. B: XTIRE RS RY-1 A9 GleN 7=, C: XHEE RS RY-1 /) GIcNAc F= .

*: P<0.05

Figure 4 Comparison of GIcN and GIcNAc production in engineering strains RY-1 and wild type
Escherichia coli MG1655. A: Comparison of growth between Escherichia coli MG1655 and RY-1. B: The
production of GlcN between E. coli MG1655 and RY-1. C: The production of GIcNAc¢ between E. coli
MG1655 and RY-1. *: P<0.05.
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2.2 GleN #0 GleNAc By 24X it (nagB #0
nagA) & ¥z 1% 12 & E (manXYZ #0 nagE)RY
B3
2.2.1 #|F CRISPR/Cas9 Bif& 4 fRKisR1E
# A nagB #A nagA

KA EH H AR % GleN Fll GleNAc /453
IR IR AR P S A R B LR nagB #1 nagA,
nagB Z fith 2 S ] %6 M - 6- W 2 1t 2 g , 32— b
GASENE ST AR, 0 2 2 ) 7 W - 6- W R ™
AERBE 6-BERR RN, TR N- £ Tk 2d 2 A 4 b
6-WE R LA IS , AR, nagB JEARY R
K 2B GleN 9B R A, nagA %ifid N-2
Tk 2 56 51 265 i -0- Wi i 2 IR 1Y, ik N- 2 T8k
4 T 7 - 6 -l TR I b Oy S A T B -6- T TR
2 R A A7 A 25 (A5 T A I 5 TP oA 2 1Y) N- 2 Tk
A 7R W T R A T [ ) e S A
FEAIE N-C B2 A A Rk [t , 3k
Bt 325 75 2% nagB il nagA B& K 47 g
e H SR W i 5 | W) 217w % PCR, it
BE J5E HL DK Hh 45 R /N ke ) W 6 AT e I 2 5 K
Ty, MILFBE R RERET,  HAR A & R f
BREsb e s #E—2B Rt gy, E8E 3 HRAZIRBEIL

A bp 1 23 4 M5 6 7 bp

— 1243
770

5 nagB (A)F1 nagA (B)&Y &S BRI& IE

HLUK S5 IEB I BT 7%, S RT7% PCR By IRG%
G|l /NI Bl Wl ) M BU R DB 2 = 0.0 N
Ty 435 SR v Sk 00 L A 1) BRLRR 95 R AT R — 4
I 5L IR o AR R 1] 5 FTH, ££7E nagB 2 nagA
FE R T r R R SR TR, AT 2Pl ) R
I UF S DR A R A 80R

FIFH CRISPR/Cas9 ¥ K+ # MG1655
B0 AR & A2 L T nagB il nagA R 453 T
FERFE RY-2, B k3K pTrcHisA-glmS-gnal
T A RY-2 15 2] T F kK RY-3, LA RY-1 R XT R,
TERR R A B E 20 TR R RY-3, 2 BRAH
TP FATHFE M EARB A, L
FRETHE RY-3 5 RS 75 miBR 9 B bk RY-1 AH
A KA LA B 4R (] 6A), (H 5 A 4A
it B AR E. coli MG1655 AH FUATY AR5 3 B A=
RIGH BRI, AT e i T iR AR A TR s ol
AR IE R AR Z A0 Bn= 9, 54m 1A
AR, BRI HE 5 A S DR R (o LA K A5 3
s, (RASSRICT A B B A B B bR 1 A= KK o
Fikk RY-1 B9 GIeN P74 129.45 mg/L, Hikk
RY-3 Y GleN 7714 165.09 mg/L (& 6B), 4
F RY-1 $2F+7T 27.5%; RY-1 itk GlcNAc Hy7

B bp 1 23 4 M5 6 7 bp

—1 186
761

Figure 5 The verification of the nagB (A) and nagA (B) knockout.
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A q0p B 100 C 100
*
RE — == ~ o] -
3 4 % ) %
S st 5 25t
2 | 50
0 0
RY-I  RY-3 RY-I  RY-3 RY-l  RY-3

&l 6

E#k RY-3 5 RY-1 7 GlcN FA GleNAc & 7= 1E R bL A

A: RY-3 5 RY-1 {4 KM A B: RY-3

5 RY-1 19 GleN J7#t [b#2. C: RY-3 55 RY-1 ) GleNAc j7 it [b#L. *: P<0.05
Figure 6 GlcN and GlcNAc production in strains RY-3 and RY-1. A: Comparison of growth between RY-3
and RY-1. B: The production of GlcN between RY-3 and RY-1. C: The production of GIcNAc between RY-3

and RY-1. *: P<0.05.

HiA%| T 77.71 mg/L, RY-3 ) GlcNAc 7N
97.05 mg/L (& 6C), M T RY-1 $27F T 24.9%.
5 RY-1 MHECELE, o3 A A I DR i Bk () R Bk RY-3
1 GleN F1 GleNAc M= ¥ priest, il
GlecN AOHE IS B 2 (27.5% vs. 24.9%). %¢ FRT
W, o ARG I 1R R O I R 1) e B3 % A AR 1 A
KA EMBZm, HR™ Y GleN F1 GleNAc 1)
PR BT T .
2.2.2 F|H CRISPR/Cas9 FifR¥IEEEER
manXYZ #A nagE

KIAFF & HFr 74 GleN Fil GleNAc #%iz
WAL K ) B R N manXYZ il nagE., Horr,
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>

M, BEBERT GleNAc AKIFLZR, ik
S FEEAE IR A T A A K . Bk, K
ok B S B L DR B R TT LABH BT GleN Al GIeNAc
B R AL FE B A LA P, DT 7 A R v K i
MR, TR RmE 7 R, Hdo1, 3,

bp M1 2 M3 4 M35 6M7 8 bp

5000

3000 2285
2000 1 405
1000 1172

7 manXYZ #1 nagE BYESRIGIE

Figure 7 The verification of the manXYZ and nagE
knockout. M: DNA Marker; 1, 3, 5 and 7:
Escherichia coli MG1655 strain PCR with different
validation primers; 2: Escherichia coli MG1655
AnagB AnagA AmanX strain; 4: Escherichia coli
MG1655 AnagB AnagA AmanXY strain; 6:
Escherichia coli MG1655 AnagB AnagA AmanXYZ
strain; 8: Escherichia coli MG1655 AnagB AnagA
AmanXYZ AnagE (RY-4).
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MG1655 AnagB AnagA AmanXYZ AnagE (RY-4)
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)600

(o) [oe]
(mg/L)
fel (V8]
> ()
=l S

B 8 manXYZ 1 nagE EEFMME K RY-5 5 RY-3 KEEERILE A

" .
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WIKrBE, HAR™ GlcNAc PR 2, 20 h i}
GleNAc IR R A3 T i, b 2.36 g/L,
S EAT KB, GIeNAc i 7= B ANHE [ [, #fE
AT A&, 15 GleNAc #IHFERI A .
gh A TREE R RY-5 A KAF L GleNAc 17~
AR O, YRR 20 h AR MR AL R LS R
I 1R

2 500
T ~ 2000 -
E" 1500
\__—A;
RY-5 O RY3  RY:s

RY-5 5 RY-3 W2E KK ML L

#.B: RY-5 5 RY-3 ) GIcN = #t Hi4%. C: RY-5 5 RY-3 ) GlcNAc = & H 4%

Figure 8 GIcN and GIcNAc production in RY-5 strain with manXYZ and nagE genes knockout. A:
Comparison of growth between RY-5 and RY-3. B: The production of GIcN between RY-5 and RY-3. C: The
production of GlcNAc between RY-5 and RY-3. *: P<0.05; **: P<0.01.
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AERAFEYRE, 5 DO HEMEM LR
PR, DRI R B R AR R, &
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BEW RN 25 mL BHAEAEAE KIE DL AF, K
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e WA 25 mL & PR /250 mL 420 .

2.3.2 IPTG RNt [E 44k

IPTG X T RGBT B A SN, GiEr

W BERE AT LGk B e A AL B3R, o gB i/ 5

A B
- -3 20 r
10 +0D()00
g | = GlcNAc , ~ 156
g 5 <o
Q
S 4t >
41 )
2 S 3
0 1 1 1 1 0 0
0 5 10 15 20 25

Time (h)

9 HFETIEHE# RY-5GIcNAc B4 =15 R R 4 B

PEGGE , I, 0.2 mmol/L M ifl IPTG %S
WRE . AR R B TR R, R RERTI
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P4 U 00 B T 5% 2 T 235 o e 1 A A K I A 3
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B IPTG, X j A B AR 2l ODgoo<1.0 B,
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(BRI AN 2 LASE ) 240 Jf 1) E 8 AR G . Bl TR
LR R ACVR B RS BT K, S [T R ] AR A 55
IPTG, GleNAc (977 5 Je K5/ (1 10C), 24
16 425 h Bl 4 h 15 min BFEA0 IPTG, 724HY
GleNAc iR E| T, 4 7.74 gL, 5 1IPTG
IRINEE RACAL R 4.86 /L AHHCARTH T 59.3%.
i Ll Hl, IPTG MIINAATE — " BB B A

a
*
*

GlcNAc (g/L)
(3]

25 38 50 25 38 50

Capacity (mL) Capacity (mL)

ERBLLE  A:RY-5 11 GIcNAc M4 =& M. B:

AR BRI RY-5 A2 KRABLLELAL. C: AR RY-5 B9 GleNAc 7 HAL. **: P<0.01

Figure 9 GIcNAc production and comparison of capacity in fermentation of genetically engineered strain
RY-5. A: GlcNAc production in genetically engineered strain RY-5. B: Comparison of the growth of RY-5
with different capacities. C: Comparison of GIcNAc production of RY-5 with different capacities. **: P<0.01.
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Figure 10 Effects of the IPTG adding time in the
genetically engineered strain RY-5. A: The
concentration of RY-5 at different IPTG adding
times. B: IPTG addition time corresponds to the
growth of RY-5 at the end of fermentation. C:

GIcNAc production of RY-5 at different IPTG
adding times.

WRE, MECERBI KB AR SR, B
FRATTUA B 5] A oz ke TR 44 ok B AR A, 15 31 2 % 1%
BfME] A 4 h 15 min B, XF R BE ODgoo M
3.36 (3.0-3.5 Z[HDEIIA IPTG #1715S:, Hin
77 GleNAc By ik 3] T e, 4 7.74 g/Ls

3 &

3 U g B AR AT B A A B L, B
IINTERAHF T MG1655 Btk T GleNAc
B RS, PR 77.77 mg/L, YE—L i R
bR AR ML i s R A e 3 W, BT T
GlcNAc (7=, K% T 1.76 gL, T+ T 21.6 £,
I 2R R ISR, i L R SR -
R fERT ] 20 h, Bt 25 mL K % /250 mL
PRI, IPTG ¥ 0.2 mmol/L, 4] 75 75 ik i
10 g/L, IPTG [UEHIESTE 2 4 h 15 min (ODggo
g 3.0-3.5), {115 GIcNAc Hy7~ 53] 7.74 g/L,
5 R RT A = R T T 2.3 fF . A
W 55 0 T — B AR Ok BOR By 5 I g 4R
CRISPR/Cas9 Hi AR, HHEALUF I (1) s
I S crRNA i, Aarih & 35 1
T ARFNEG TR (2) #EARFRSMER, th 20 bp
RNA-DNA #HEAEMYEE ;. 3) $BARFETE) 12,
HEAEAEARLB I NGG J7 91 #E AT LIE R 3R . 3%
SR FETHIZEOR T . ms L TOIR, W LT
I T 1 5 DR i R AR 22 R . [
B 3 e B AR ALk, WA W R B AR R R
LA R N- 2 ot 2 36 A A0 0 Tl il KR B35
T —E R

REFERENCES

[1] HUANG ZY, MAO XZ, LYU XQ, SUN GY, ZHANG
HZ, LU W, LIU YF, LI JH, DU GC, LIU L. Engineering
diacetylchitobiose deacetylase from Pyrococcus horikoshii
towards an efficient glucosamine production[J].
Bioresource Technology, 2021, 334: 125241.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



i PH %% : CRISPR/Cas9 % K AT B 1A% b AF r=ad

GiEay 3283

[2] DAI YN, WU YL, LAN HY, NING WF, CHEN F,
YAN GY, CAI KC. Structural dynamics and vibrational
feature of N-acetyl-D-glucosamine in aqueous
solution[J]. Spectrochimica Acta Part A, Molecular and
Biomolecular Spectroscopy, 2021, 259: 119918.

[3] KIM JY, KIM BY, MOON KH, LEE JH. Metabolic

of Corynebacterium glutamicum for
N-acetylglucosamine production[J]. Microbiology and
Biotechnology Letters, 2019, 47(1): 78-86.

[4] PENG JW, WU HS. Kinetic study of glucosamine
production using Aspergillus sydowii BCRC 31742
under solid-state fermentation[J].
Switzerland), 2020, 25(20): 4832.

[5] FANG L, LIN LZ, LYU Y, HUANG ZX, LIN XD,
WANG X,CHEN BIJ.

exercise combined with glucosamine therapy and

engineering

Molecules (Basel,

The mechanism of aerobic

circUNK in improving knee osteoarthritis in rabbits[J].
Life Sciences, 2021, 275: 119375.

[6] FERNANDEZ-MARTIN S, GONZALEZ-
CANTALAPIEDRA A, MUNOZ F, GARCIA-
GONZALEZ M, PERMUY M, LOPEZ-PENA M.
Glucosamine and chondroitin sulfate: is there any

their  effectiveness as

scientific evidence for

disease-modifying drugs in knee osteoarthritis
preclinical studies? -A systematic review from 2000 to
2021[J]. Animals: an Open Access Journal from MDPI,
2021, 11(6): 1608.

[71 TRAIN A, MOE S, ALLAN GM. Are glucosamine and

for osteoarthritis?[J].
Canadian Family Physician Medecin de Famille
Canadien, 2021, 67(2): 111.

[8] WANG SJ, WANG YH, HUANG LC. The effect of

oral low molecular weight liquid hyaluronic acid

chondroitin natural remedies

combination with glucosamine and chondroitin on knee
osteoarthritis patients with mild knee pain: an 8-week
randomized double-blind placebo-controlled trial[J].
Medicine, 2021, 100(5): e24252.

[91 LAMBERTINI E, PENOLAZZI L, PANDOLFI A,
MANDATORI D, SOLLAZZO V, PIVA R. Human
osteoclasts/osteoblasts 3D dynamic co-culture system
to study the beneficial effects of glucosamine on bone
microenvironment[J].  International  Journal  of
Molecular Medicine, 2021, 47(4): 57.

[I0] MATTIUZZO E, FAGGIAN A, VENERANDO R,
BENETTI A, BELLUZZI E, ABATANGELO G,
RUGGIERI P, BRUN P. In vitro effects of low doses of
B-caryophyllene, ascorbic acid and D-glucosamine on

human chondrocyte viability and inflammation[J].

Pharmaceuticals, 2021, 14(3): 286.

[I1]MA H, LI X, SUN D, ZHOU T, LEY SH, GUSTAT J,
HEIANZA Y, QI of habitual
glucosamine use with risk of cardiovascular disease:
prospective study in UK Biobank[J]. BMJ (Clinical
Research Ed), 2019, 365: 11628.

[12] VERONESE N, DEMURTAS J, SMITH L,
REGINSTER JY, BRUYERE O, BEAUDART C,
HONVO G, MAGGI S. Glucosamine sulphate: an

L. Association

umbrella review of health outcomes[J]. Therapeutic
Advances in Musculoskeletal Disease, 2020, 12:
1759720X20975927.

[I3]FENG KM, CHIEN WC, CHEN JT, CHEN YH,
CHUNG CH, SUN CA, CHEN CL. The impact of
glucosamine on age-related macular degeneration in
patients: a nationwide, population-based cohort
study[J]. PLoS One, 2021, 16(5): ¢0251925.

[14] WEN Z. Application and research progress of
glucosamine[J]. AIP Conference Proceedings, 2019,
2110(1): 020050.

[15] A, RO, XUBA. 7 N-2 1528 55 4 4 B 14 1

FERRFAAE . Al RO R[], P R T, 2018,
37(6): 6-9.
QIN ZJ, YUE QL, LIU XL. Research progress on
construction, fermentation and application of engineered
bacteria for N-acetylglucosamine production[J]. China
Brewing, 2018, 37(6): 6-9 (in Chinese).

[16]QIN Z, ZHAO LM. The history of Chito/Chitin
oligosaccharides and its monomer[M]//
Oligosaccharides of Chitin and Chitosa. Singapore:
Springer Singapore, 2019: 3-14.

[17] KNAPIK JJ, POPE R, HOEDEBECKE SS, SCHRAM
B, ORR R, LIEBERMAN HR. Effects

glucosamine sulfate on osteoarthritis-related pain and

of oral

joint-space  changes:  systematic  review  and

meta-analysis[J]. Journal of Special Operations
Medicine: a Peer Reviewed Journal for SOF Medical
Professionals, 2018, 18(4): 139-147.

[I8]MTEWA AG, ANNU A, WEISHEIT A, TOLO CU,
OGWANG PE. Glucosamine and chondroitin in
osteoarthritis treatment[M]//Preparation of
Phytopharmaceuticals for the Management of Disorders.
Amsterdam: Elsevier, 2021: 373-380.

[191 HAMED 1, OZOGUL F, REGENSTEIN JM. Industrial
applications of crustacean by-products (chitin, chitosan,
and chitooligosaccharides): a review[J]. Trends in Food
Science & Technology, 2016, 48: 40-50.

[20 MAO XZ, GUO N, SUN J, XUE CH. Comprehensive

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3284 WA

FiE Rk

Microbiol. China

utilization of shrimp waste based on biotechnological
methods: a review[J]. Journal of Cleaner Production,
2017, 143: 814-823.

[21]LOPATA AL, KLEINE-TEBBE J, KAMATH SD.
Allergens and molecular diagnostics of shellfish allergy[J].
Allergo Journal International, 2016, 25(7): 210-218.

[22] MENG DD, WEI XL, BAI X, ZHOU W, YOU C.
Artificial in vitro synthetic enzymatic biosystem for the
one-pot sustainable biomanufacturing of glucosamine
from starch and inorganic ammonia[J]. ACS Catalysis,
2020, 10(23): 13809-13819.

[23] LIEBMINGER E, VEIT C, PABST M, BATOUX M,
ZIPFEL C, ALTMANN F, MACH L, STRASSER R.
Beta-N-acetylhexosaminidases HEXO1 and HEXO3
are responsible for the formation of paucimannosidic
N-glycans in Arabidopsis thaliana[J]. The Journal of
Biological Chemistry, 2011, 286(12): 10793-10802.

[24]LI PW, LI X, WEN Z, DONG RZ, LI K, FAN H,
WANG RM, WANG JQ, LV MC. Enhancement of
production of D-glucosamine in Escherichia coli by
blocking three pathways involved in the consumption
of GlcN and GIcNAc[J]. Molecular Biotechnology,
2020, 62(8): 387-399.

[25] CHYSIRICHOTE T, MAPISANSUP w,
AROONSONG S. Estimation of glucosamine in

of Trichoderma reesei
lignocellulosic ~ substrates[J]. Journal of Basic
Microbiology, 2021, 61(4): 305-314.

[26]LI CN, JIANG S, DU C, ZHOU YL, JIANG SJ,
ZHANG GM. Expression and characterization of
B-N-acetylglucosaminidases from Bacillus coagulans

biomass cultivated on

DSM1 for N-acetyl-B-D glucosamine production[J].
Chinese Journal of Biotechnology, 2021, 37(1): 218-227.

271 B3 e, XVaEwg, 5577, 0, Xk, % E .
FPELHE CoA & MR I LA & GleNAc
G i 5 YR 2, 2020, 39(5): 16-22.
MA WL, LIU YF, LYU XQ, LI JH, LIU L, DU GC.
Modulation of acetyl-CoA synthetase expression
promoted acetate utilization and N-acetylglucosamine
production in Bacillus subtilig[J]. Journal of Food Science
and Biotechnology, 2020, 39(5): 16-22 (in Chinese).

[28] MA Q, SUN QW, TAN M, XIA L, ZHANG Y, YANG
MY, ZHUO MY, ZHAO KX, LI YJ, XU QY, CHEN N,
XIE XX. Highly efficient production of N-acetyl-
glucosamine in Escherichia coli by appropriate

catabolic division of labor in the utilization of mixed
glycerol/glucose carbon sources[J]. Journal of Agricultural
and Food Chemistry, 2021, 69(21): 5966-5975.

[29] CHEN X, LIU L, LI JH, DU GC, CHEN J. Improved
glucosamine and N-acetylglucosamine production by an
engineered Escherichia coli via step-wise regulation of
dissolved oxygen level[J]. Bioresource Technology,
2012, 110: 534-538.

[30]LI PW, LI K, LI X, ZHAO F, WANG RM, WANG JQ.
Improving enzyme activity of glucosamine-6-phosphate
synthase by semi-rational design strategy and computer
analysis[J]. Biotechnology Letters, 2020, 42(11):
2319-2332.

[31] DENG MD, SEVERSON DK, GRUND AD, WASSINK
SL, BURLINGAME RP, BERRY A, RUNNING JA,
KUNESH CA, SONG LS, JERRELL TA, ROSSON RA.
Metabolic engineering of Escherichia coli for industrial
production of glucosamine and N-acetylglucosamine[J].
Metabolic Engineering, 2005, 7(3): 201-214.

[32] JIANG Y, CHEN B, DUAN CL, SUN BB, YANG JJ,
YANG S. Multigene editing in the Escherichia coli
genome via the CRISPR-Cas9 system[J]. Applied and
Environmental Microbiology, 2015, 81(7): 2506-2514.

[33] ALVAREZ-ANORVE LI, BUSTOS-JAIMES 1,
CALCAGNO ML, PLUMBRIDGE 1.
regulation of glucosamine-6-phosphate deaminase (NagB)

Allosteric

and growth of Escherichia coli on glucosamine[J]. Journal
of Bacteriology, 2009, 191(20): 6401-6407.

[34] FERREIRA FM, MENDOZA-HERNANDEZ G,
CASTANEDA-BUENO M, APARICIO R, FISCHER H,
CALCAGNO ML, OLIVA G. Structural analysis of
N-acetylglucosamine-6-phosphate deacetylase apoenzyme
from Escherichia coli[J]. Journal of Molecular Biology,
2006, 359(2): 308-321.

[35]ERNI B, ZANOLARI B, GRAFF P, KOCHER HP.
Mannose permease of Escherichia coli. Domain
structure and function of the phosphorylating subunit[J].
The Journal of Biological Chemistry, 1989, 264(31):
18733-18741.

[36] CRIGLER J, BANNERMAN-AKWEI L, COLE AE,
EITEMAN MA, ALTMAN E. Glucose can be
transported and utilized in Escherichia coli by an
altered or  overproduced N-acetylglucosamine

phosphotransferase system (PTS)[J]. Microbiology

(Reading, England), 2018, 164(2): 163-172.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


