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Metabolic Engineering of Corynebacterium glutamicum for N-acetylglucosamine Production

Jin-Yeon Kim', Bu-yeon Kim?, Kyung-Ho Moon', and Jin-Ho Lee?*

'Department of Pharmacy, “Major in Food Biotechnology, School of Food Biotechnology & Nutrition, Kyungsung University, Busan 48434,
Republic of Korea

Recombinant Corynebacterium glutamicum producing N-acetylglucosamine (GlcNAc) was constructed by
metabolic engineering. To construct a basal strain producing GlcNAc, the genes nagA, nagB, and nanE
encoding N-acetylglucosamine-6-phosphate deacetylase, glucosamine-6-phosphate deaminase, and N-
acetylmannosamine-6-phosphate epimerase, respectively, were sequentially deleted from C. glutamicum
ATCC 13032, yielding strain KG208. In addition, the genes glmS and gnal encoding glucosamine-6-phos-
phate synthase and glucosamine-6-phosphate N-acetyltransferase, which originated from C. glutamicum
and Saccharomyces cerevisiae, respectively, were expressed in several expression vectors. Among several
combinations of glmS and gnal expression, recombinant cells expressing glmS and gnal under control of
the ilvC promoter produced 1.77 g/l of GIcNAc and 0.63 g/l of glucosamine in flask cultures.
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< Al oF st, R A dg 277 Y= A
o Ffolle AHgol AlgtEls Al ot e A7t
T H2YUS ol &St nAE HAE B v FAF H
# 2] GleNZt GleNACE AAtete WS £2 digtez o
ATt F3o] Aspergillus sp. BCRC317425 o] 83} Hj
¥ 5 29Ae 24X &E2ALE - WS F9
14.37 g/19] GleNE A tH10, 11]. o] E o] &3 GleN
o] AL st What BlastH e Aol BE &
A7F det. 22, Deng 5[12]3 Liu 5[13, 14]2 tARS3t
2 E3) Escherichia coli® Bacillus subtiliso)| A & =&
=29 GleNAcE AJAst=s dF+A2H0E Bust9Th. E. coli
o] A fructose-6-phosphate2 N-acetylglucosamine-6-phosphate
(GleNAc-6-P)& TAH O 2 H3st= f Jost= aLEQ
glucosamine-6-phosphate (GIcN-6-P) synthase®} glucosamine-
6-phosphate N-acetyltransferaseS Y2 3}sl= FAA
glmSet gnal& W&, GleN-6-Po] 23t BALE A 3|
(product inhibition)7} 3} A ¥ o] glucosamine synthase
£ 453t glmSE FEHAA]7] L, GleNAc-6-P2] F3fjof
it nagBACDE @A oA &8k, W& E GleN
3} GleNACE Al Z YE9] A F4-& WAI5H] 8l manXYZ
o nagks AET #7E Jdste] 1-LEa XA 7241
w3t A3} 110 g9 GleNAcZt 23 =& 2A& skt
[12]. B. subtilis®] 3<%, gimSe} gnalS THEAS}IA, GleNAc-
6-PS] E3flo #AstE nagd, nagB, gamAE AL,
GlecNAcH] Al Wf A fSloll #Hofdh= nagPs A&sta, A
A3 A4S 222 RS el 1dh} prag A<sh
3, st el =Fett Aol Boiste pfket gimM
FAAG LEE Aot 55 NEste, JFHOE 3-L
kg oA 31.65 g/19] GleNAcS AJAFSHETH1S, 14]. 18
U, E. coli= GRAS (generally regarded as safe) T]AJ&9]
ofy7] wjZof ooFg A 7|54 AFEREAELCLREE Y
2 Agto] w2, B. subtiliss o] &3 WL PAE] &
T7b dot 2744Ql A4t o aFHh

Corynebacterium glutamicum< £ 3 I ¥A ]
AEE, FEFA grolAlE FAbsts tf&F QA A m] Ay
otk FZ FAAESHY dAtsEe HEFo| w
dicarboxylic acid (succinic acid, glutaric acid, muconic
acid), diamines (putriscine, cadaverine), alcohols (propanol,
isobutanol), ©}u] = Ak(y-aminobutyric acid, 5-aminovalerate)¥}
22 tget 1RIIHA SRHE A4 A7t o gde] X
FE I QeH15]. A7 SAEL G E A7} e
GlcNT} GleNAcE AR 48t 322 GRAS n]APEQ] C.
glutamicum= A+&-8t= 2L Wi on|7t Jloka Abs
wakd, B QLA C. glutamicum ATCC 130320 A o
AREehE E3l GleNAc A4kl E 23t gimSY gnal F-4%

N-acetylglucosamine Production in Corynebacterium 79

leNAc®] 3kt #RE-S 2 7h= AL
ZEFO RRE GleNAcE BAtste 45

mu ot i
il
i
4
&
oft
o
£ o

=
u

g
0%
rE

7, Soans 9 guA 22

Aol AHEF FF9F Sk Ex Table 10 EAISH
o} dutAEel §AAZRZEL E. coli Topl0 (Invitrogen,
USA)S AHE-3t9 o, GleNAcS AJ4tst7] 93t R 3
C. glutamicum ATCC 130325 AME3Ith AR 229
IS QI3 S2kAn|EE pCX Alg = HE W E (pCXT20,
pCXS30, pCXS35, pCSI40, pCXI43, pCXI45)2t pCES208
& ASEATH16]. C. glutamicum FUA ZAFHE $2
A5 2&s7] A% F2 22 pK19mobsacB WHE A5}
ArH17. EX% DNA ©H2 Pfu-X DNA polymerase
(SolGent, Korea)s AF3te] 538 4 A9 (polymerase
chain reaction, PCR)2 433t dlon, 229 & ¥V
X E8E& EA5te] DNA |7|4 8 18ttt C. glutamicum
o] FEAAEE ANl E(competent cell) o] A 22} H7]HFH
(electroporation) ©]d =& 7|&d W] Fto AA

SHATH18].

DNA -4 A% @ Ajoh

DNA AdtasE= New England Biolabs (USA)Q}
Enzynomics (Korea) 3|A} A1 &-& AF&3I3th DNA plasmid
prep kit, Gel extraction kit, PCR premix kit, Pfu-X
DNA polymerase kit+= Intron (Korea), GeneAll (Korea),
Enzynomics (Korea), SolGent (Korea)o| Al Z+ZF -3
t}. N-Acetylglucosamine, glucosamine 59 &% A9k
Sigma-Aldrich (USA)oA 3t o, LHt AJ9FS Junsei
(Japan)2} Duksan (Korea) Al &-& AM8-3} %t} Tryptoned}
yeast extract~= Difco (USA) AL ALK

A=A} jpER

E. coli¢}t C. glutamicum< LB (Luria Bertani; tryptone
10 g/l, yeast extract 5 g/l, NaCl 10 g/l) 8] X & A}-&-3}¢
247y 31C, 32Tl A W sttt B oA FYAE A7
AL, E. coli® 7 100 ug/ml ampicillin, 50 pug/ml
kanamyecin, 25 ug/ml chloramphenicol S A 7}3}H o,
C. glutamicum® 7% 25ug/ml kanamycin, 4.5 ug/ml
chloramphenicol& A 7}5F3th. GleNAcT} GleN A ¢
gt FetA3 HaEA| = oA =8 7ed AUt 3}
of AAstglen, oju ofw|ieibE H7FsA] oFkTH19].
30 mlo] HaH A E FR-e 250 ml HZHE Ao LB g
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Table 1. The bacterial strains and plasmids used in this study.

Strain or plasmid Characteristics® SRR
reference
C. glutamicum
ATCC 13032 Wild-type strain ATCC?
KG110 AnagAB This work
KG208 AnagAB AnanE This work
KG343 AnagAB AnanE with pCX140-gimS This work
KG430 AnagAB AnanE with pCX140-gImS and pCES30-gnal This work
KG440 AnagAB AnanE with pCXI40-gImS and pCES40-gnat This work
KG443 AnagAB AnanE with pCXI40-gImS and pCES43-gnal This work
KG445 AnagAB AnanE with pCXI40-gImS and pCES45-gnat This work
Saccharomyces cerevisiae  Sake yeast KCTC7904°
T-Blunt TA-blunt PCR cloning vector; Kan®, AmpF, 3.8 kb Solgent Co.
T-Blunt-gim$ T-blunt derivative, 5.88 kb; 2.07 kb g/mS ORF and self terminator This work
T-Blunt-gnat T-blunt derivative, 4.29 kb; 0.48 kb gnal ORF This work
pCXM48 pXMJ19 derivative, 4.84 kb, Cm® Lee [16]
pCXT20 PCXM48 derivative, 5.51 kb; Pc Lee [16]
pCXS30 PCXM48 derivative, 5.51 kb; Psoq Lee [16]
pCXT35 pCXM48 derivative, 5.51 kb; Psog.m1 Lee [16]
pCXI40 pCXM48 derivative, 5.51 kb; Piyc Lee [16]
pCXli43 pCXM48 derivative, 5.51 kb; Piycur Lee [16]
pCXI45 PCXM48 derivative, 5.51 kb; Piycm2 Lee [16]
pCX-gImS series pCXM48 derivative, 7.14 kb; 2.07 kb gimS ORF and self terminator; 6 promoters This work
(Ptacs Psods Psoa-ms Pitvcs Pitvemis Pivema)

pCX-gnal series pCXM48 derivative, 5.99 kb; 0.48 kb gnal ORF; 4 promoters (Psoq, Pive, Pivemis Pive-m) This work
pCES208 E. coli/C. glutamicum shuttle vector; 5.93 kb, Kan® This lab.
pCES208-gnarl series pCES208 derivatives, 7.03 kb; 0.48 kb gnal ORF; 4 promoters (Ps.q4, Pivc, Pivemis Pivemz) This work
pK19mobsacB Vector for allelic exchange in C. glutamicum (pK18 oriV, o sacB lacZa); 5.66 kb, Kan® [17]
pK19-AnagAB pK19mobsacB derivative; 0.8 kb of an overlap PCR product of up/down region of nagAB This work
pK19-AnanE pK19mobsacB derivative; 0.8 kb of an overlap PCR product of up/down region of nanE This work

#ATCC, American Type Culture Collection.
bKorean Collection for Type Cultures.

“AmpR, ampicillin resistance; Kan®, kanamycin resistance; CmR, chloramphenicol resistance.

A R] el A 197 wiokd #2 WMol 2 A4 HFsta
g 7] o) A 327, 297 240 rpm O 2 HjFSHGITE BE
AFE 33 wHE skl I BAXE ALLSte] EASHATH

FAAN 37 2<& C glutamicum Az

C. glutamicum ATCC 130325 5% DNAZ, P1-P2¢}
P3-P4 Z2}o|H A E (primer set)E Al83}o] PCRE 53
nagA AR 759l (upstream region)@} nagB A&}
9] 3} 7 H 9] (downstream region)?] 0.4 kb DNA G HES
77y 42 the, oA P1-P4E AME-3t9] 53 (overlap) PCR
stod 0.8 kb ©HS @of HAIE $ HindIlI2 EcoRICE A
23}tk (Table 2). o5 #WE pK19mobsacB/HindIll/EcoRI
of 22Y3t, {FHOoR ZeAn|E pK19-AnagABE A
Z+5F I thH(Table 1). ©]|& A7|AZHOZ C. glutamicum
ATCC 130329 =93} 12} A4 A 2§ (homologous
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recombination)& 53 GAA o 4YUE kanamycin WA F
AREFE At YA nagA 477 E= nagB
SRR E A4 =A= P5-P6, P7-PSE PCR3lo] &<l
o, 4relo] EelH #FE LB YA ufx|of| A 164t
vl oFslo] 3] 4% thS 10% sucrose LB $HAH ¥l X of] =5}
o 22} AA5A AZRFL S X5 kanamycin WA o] =
@& AE3ATh nagAB7F A& HAEAE P5-P8 Zito]
HE AHE-Sto] PCREE & A7] 9522 &lstyo, HF 3
oz #F KG110& AZstich. &4, C. glutamicum
ATCC 130322 %3 DNAZ, P9-P10, P11-P125 Za}o]n
NEZ A3t PCR 3t nank §3x] AF7 4% 5t
F5$1 0.4 kb DNA @H5S& 91, P9-P125 o]&3to tf
A] %3 PCR3}Y 0.8 kb DNA ©#E ALt (Table 2).
|5 HindllI®} EcoRICE #AaAT & pKl9mobsacB/
HindIII/EcoRI®| 2243ty HFH o8 ZetAn|E pK19-



Table 2. Primer lists used in this study.
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Primer Sequence (5" — 3') Remarks
P1 ccccaagcettgggegegggtgaggaatge nagA up region-F Hindlll
P2 cacttctgccatctttctgagg nagA up region-R
P3 cctcagaaagatggcagaagtgctgcgctagaaacaaaaaggaaa nagB down region-F
P4 cccggaattcacttcgacgaggttttgggtg nagB down region-R EcoRlI
P5 acgcgagcagtggtggtttcaa confirm primer
P6 tttcctttttgtttctagcgcag confirm primer
P7 cctcagaaagatggcagaagtg confirm primer
P8 gggatcgcggtaatggggtgtg confirm primer
P9 ccccaagcttgtgctctgaccatgcaggatta nanE up region-F Hindlll
P10 ttaaaaggcgttatcgcgggca nanE up region-R
P11 tgcccgcgataacgccttttaa cacttagtccagegcetgeac nanE down region-F
P12 cccggaattcggatgaattggtttttgatatccg nanE down region-R EcoRl
P13 tatgggcctacggtgagca confirm primer
P14 gtgcagcgctggactaagtg confirm primer
P16 tgcccgcegataacgccttttaa confirm primer
P16 atcgcaatggggtgaaggtgta confirm primer
P17 gaattcatgtgtggaattgttggatatattg glmS cloning-F EcoRI
P18 ggtaccacggcatggtcgatctgatcc glmS cloning-R Kpnl
P19 gaattcatgagcttacccgatggatttta gnal cloning-F EcoRl
P20 aagcttctattttctaatttgcatttccacg gnal cloning-F Hindlll

AnanEE AZStAtH(Table 1). C. glutamicum KG110
(AnagAB) w500 AAE SZAnEE =YL, Yol 7]
&3t TYs o2 13}, 23F AEA RIS SE5HY
nank A7 2EH KG208& AZSIAT 141 AFsA A
2% Tl dMAW nanE FRFEH £ stRFEHE A
QlEl9l == =Zzto|n| P13-P14, P15-P162 AH&3le] PCR
ato] gelstglon, 22k A5/ W2 3l nanE 347
7F A&E AL P13-P16 Zeto|i S AME-3te] PCRa}o] 3
I8t

A% TRy A5

FRAA}; glmSe C. glutamicum FHAE F3 DNAZ A}
43lx Zato|w P17-P18E H713le PCRE 433t
2.07kb DNA ©#-& fo} ¥, T-Blunt # ¥l o 32435}
A0 E T-Blunt-gimSE A28t 3ich(Table 1, 2). EcoRI
3} Kpnl Agta A2 A7 ste] thA] 2.07 kbe] BHL A A
gk, o] F pCX A2 29 T EQl pCXT20, pCXS30,
pCXS35, pCXI40, pCXI43, pCXI455 FLT AFGasrE
A 8ta YA SefAu] =53 DNA ek igation)dhol,
AxHog ZgtAu = pCXT20-glmS, pCXS30-gimS,
pCXS35-gimS, pCXI40-gimS, pCXI43-gimsS, pCXI45-
glmSE 77k AZsP{ThTable 1. gnal 372 B,
Saccharomyces cerevisiage GMAE % DNAZ A3}
3, Ztol P19-P20E ¥ PCRE 4335t 0.48 kb
DNA H8$ @0] T-Blunte} aato] E22ul= T-Blunt-
gnald A& tH(Table 1, 2). A$t& 4 EcoRI¥} HindIIl

2 A9 % 048 kb DNA ©#E AA 3 th2, EcoRl/
HindIII &4 A 2 H pCXS30, pCXI40, pCX143, pCXI1452k
DNA H&sto, FFHezr Z2uE pCXS30-gnal,
pCXI140-gnal, pCX143-gnal, pCX145-gnals Z-ZF A2 s}
QrhTable 1). o] ThAl ZAAHo| e Bepru=
pCES208¢| A B &2 Y (subcloning)d}7] Y35}, z+2zF A gt
T2 Notld}t Kpnlo 2 He] & 1.2kbE 3]4=5to] pCES208/
Notl/Kpnlz} Hgtsle], 2|£2 02 pCES30-gnal, pCEI40-
gnal, pCEI43-gnal, pCEI45-gnal& A5t Tt

Al uhH

1 O

AlE AL B e A(UV-2550, Shimadzu, Q&S A
£319] 600 nmof| A FHABIH oY, TET FEE ACCU-
CHEK (A&, g)& ARg-sto] 43514t GleNAcet GleN
9] .= = HPLC (Shiseodo, Japan)2 243}t 5 ml
2a joFlS 10,000 rpmo A 1027 YA E2skar I 4
5L acetonitrileZ 3] 3|43 & 0.45 mm 2] F}7|
(membrane filter)2 oji}ate] B8 WES FH|etqt. 4
H(column)2 Asahipak-NH,P50%, 7 Z7|(detector)=
Shodex RI-104 (Shiseodo, Japan)E Al-&3tH o, o] FAt
© 2 80% acetonitrile AFE3}] §-< 0.5 ml/min, 2= 40C
270 A EA5ATE AE vkl 15 mlE P4 E25h
5|4 B QA A H 4= (phosphate buffered saline, PBS)Z
28] A Hsta, 1 AR PBS 1 m& 91 Aesac
1.5ml 529 0.1 mm &7 9| glass beads (BioSpec, USA)

0.5 g, PBS 0.5 ml& Y& 3 A Feted 0.5-1 ml& 20

He

March 2019 | Vol. 47 | No. 1



82 Kim et al.

Bead beater (BioSpec, USA)Z M|ZE a5}t T2
284 FE9L 13,000 rpmol| A 1087 94 2T & A&
Solg Hsho] dald BAlo] Agstert ul HRe
Thermo Scientific Pierce™ BCA Protein Assay Kit (Thermo
Fisher Scientific Inc., USA)E AF&3}l%th. SDS-PAGE
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis)

£ 10% geloll AA2F B0 10 ped ¥ A7 GFS
Rt

AW nagABS} nanE Z& C. glutamicum 7|
GleNAcE g+ 2] tAFHEZ Q] fructose-6-phosphate]]
A 25t BES-E AA AR 2 4 ok ZEToA GleNAc

2

2 7t a3 5ol A3td 7|t E Jidstr] fs) tiAt
BUE] GulS3} A7 A2E e Bast ckFig. 1.
C. glutamicum©l= N-acetylglucosamine-6-phosphate 2]
& oA & 3H(deacetylation) S &1 5= N-acetylglucosamine-
6-phosphate deacetylase NagA, E.C. 3.5.1.25)¢} glucosamine-
6-phosphate2] & o}n] =3k (deamination) S Z1jsl= &4
2l glucosamine-6-phosphate deaminase (NagB, EC 3.5.99.6)
7F EAst7] dizol, dAAW T -2 nagA$} nagB
£ AAY 287t AoH20]. nagA 7 nagB sHFF-E2
DNA ©#o] A2 WH pK19-AnagABS A&E $, opAY
& C. glutamicum®)| =43t 23]9] AFA AZxES 4=
sto] 2FH O 2 nagAB FAA7 24E KB110 #375 Al
2514tk (Table 1). PCR& ©]-&3to] £4% A3, KB110 +

Glucose

o

N-Acetylmannosamine-6-P

> Glucose-6-P

6. nanE

1. pgi
N-Acetylglucosamine N-Acetylglucosamine-6-P
(GIcNAc)
5. nagA4 4. gnal
2. glmS v
Glucosamine Glucosamine-6-P €= Pructose-6-P
(GIeN) X >
3. nagB

7. glmM

Glucosamine-1-P

Fructose-1,6-bisP

v

Peptidoglycan

Fig. 1. Metabolic engineering strategy for GIcNAc production in C. glutamicum. Bold arrows indicate overexpression of corre-
sponding genes; dashed arrows indicate muti-catalytic steps; crosses indicate the disruption of corresponding genes. Correspoding
genes and enzymes are as follows. 1. pgi, phosphoglucose isomerase; 2. gimS, glucosamine-6-phosphate synthase; 3. nagB, glucosmine-
6-phosphate deaminase; 4. gnal, glucosamine-6-phosphate N-acetyltransferase; 5. nagA, N-acetylglucosamine-6-phosphate deacety-
lase; 6. nankE, N-acetylmannosamine-6-phosphate epimerase; 7. gimM, phosphoglucosamine mutase.
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1

Fig. 2. Confirmation of the deletion of nagAB in the strain
KG110 (A) and nanE in the strain KG208 (B) by PCR analysis.
(A) Confirmation of the nagAB deletion in the strain KG110. Lane
1 and 2, respectively, showed the PCR fragments of ATCC13032
and KG110 using primers P5 and P8. (B) Confirmation of the nanE
deletion in the strain KG208. Lane 3 and 4, respectively, showed
the PCR fragments of KG110 and KG208 using primers P13 and
P16. Colony PCR was carried out, and the deletion of about
1.95 kb of nagAB and 0.74 kb of nanE DNA fragments was con-
firmed in the strain KG110 and KG208, respectively (A and B).

T 75 oY ¢ vlaste] oF 1.95 kb 2719 DNA
dHo] Fastgon, o= nagdB AA7 AEHUSS
Bol&th(Fig. 2A). N-Acetylglucosamine-6-phosphate+=
N-acetylmannosamine-6-phosphate epimerase (2%}
nank) E4Z0o] 9J5] N-acetylmannosamine-6-phosphate®
A== A7HA] AZ7} C. glutamicum® EA8th(Fig. 1)
[21]. o] B2E A35t7] 5t Aol nanE £
A5 4L #FE NESAT. WA nanE FARY AF
2 oHF 729 DNA @2 3-8t pK19-AnanES A 25t
i, o] & KB110°| FAAESI] nankE A7 &4
KG208 732 A|&3¢th(Table 1). Fig. 2BoA] B Hpo}
Zro]l KG110 #39 vt KG208 #F= nank S-A=}
7} A<=E]o] DNA ©Ho] ¢F 0.74 kb 2% & PCRE &
skt

C. glutamicumol| X gimS 2 gna1 AR} ] &
Glucosamine-6-phosphate synthase (GImS, EC. 2.6.1.16)=
7142l fructose-6-phosphatel] 2FEH (glutamine)?] ofu]
=715 A3}l glucosamine-6-phosphateS Y34l 31=
W& Sk B4R, GleNT GleNAcY] Aol 4
Aol JAio|th(Fig. 1) [3, 12]. C. glutamicum <
glucosamine-6-phosphate synthaseS 43 3}st= gimS &
AZE & HAsH7| A8t C. glutamicumo) A 258t

N-acetylglucosamine Production in Corynebacterium 83

84.7

47.3

38.9

31.3

25.7

17.4

Fig. 3. SDS-PAGE of GImS produced in C. glutamicum ATCC
13032. Proteins were separated by 10% SDS-PAGE. Lanes 1, 2, 3,
4,5, 6, and 7 represent crude extracts of cells harboring pCX48,
pCXT20-gImS, pCXS30-gImS, pCXS35-gImS, pCX140-gimS, pCXI43-
glms, and pCXI45-gImS, respectively. Arrow indicates the puta-
tive GImS protein band.

6712 579 D@ E o 27 S 295t (Table 1). A&
H HE &S 47 C. glutamicum ATCC 130329 =43}
3, 2E402 Azol0] SDSPAGES Eo) Tdel AL
& % 2HSYTHFig 9. 1 A o84 A Ba
ol 67,214 Dakth oF7t =& Q)Xo A pCXI40-glmS,
pCX145-gImS EetA | =& 43t Q23 C. glutamicum
oA GlmS Tui o] 2z gitd AR FAHEHH, 53
pCXI40-gimSE TH3t HFoNA 7H w2 =59 &
o] AAtEE Aoz FAFHYG wEtA, iwC ZZRH
(promoter)o]] AYH glmS FAAE FF3 STAnE
pCX140-gImSE TS Ao AFE34th. Glucosamine-6-
phosphate N-acetyltransferase (GNA1, EC 2.3.1.4)=
glucosamine-6-phosphate®] o}A|E (acetyl)7| & A3}
N-acetylglucosamine-6-phosphateE A 3tAldt=d] o s}
= 842 C glutamicumols EX3HA] &7] B & o]F
o] mAENA E=Ystoiof Frh[22]. & AFAE S
cerevisiae 53 2 gnal FAAE PCRE £Z3}9 4714 F
o wrade o Z4zt 2251t (Table 1) [22]. GNA1 &
270 2 BAE A E &) Yk, AZE dEE C
glutamicum ATCC13032¢) =43}, SDS-PAGEE &3
GNAL o 9] 4 FEE BA5H 5 THFig. 44). ol 4
A ZAF A 18,134 Da FH oA 2o 2a LN vl
Loto] EUT Aol S BT 4 YU B4 HEH
%93 (nclusion body) Fe)2 YAIHLAS SHels] s}
o dAEstq g2 284N JHES SDS-PAGER
2T AT HE HHe Aol FAT 5 YUTHATE
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Fig. 4. SDS-PAGE of GNA1 produced in C. glutamicum ATCC
13032 (A) and in E. coli Top10 (B). Proteins were separated by
10% SDS-PAGE. Lanes 1, 2, 3, 4, 5 represent crude extracts of cells
harboring pCX48, pCXS30-gnaT, pCXI40-gnal, pCXl43-gnal, and
pCXl45-gnal, respectively. Arrows indicates the putative GNA1
protein band.

AN L), GNAL B A4to] mAE 45 Holo] 7]
AEEAE Belaly] slsted A2 BHATES E colid)

FAAGSA AxH 2EALNS 0] §5te] SDS-PAGER £
A5t th(Fig. 4B). 1 A¥, EdtAu]E pCXI40-gnaldt
pCXI45-gnal 343t E. colio]l A GNAL & & AAto] &
g AL GRS webs, GNAL fae S3A|29 4
olof 7]0138}o] C. glutamicumo A= 2 AAto] ¢F H&= A
o2 F3Hrt SDS-PAGE AF oA 714 £4-3F GNA1 A
e gl EgtAuEE AEE 5 glo], GleNZ}
GleNAco] B8-S B7hske Adolle a7k A2 &
gran =g BE o] 85kglT)

Az C. glutamicumo]| X GIcN3} GIcNAc 234
SDS-PAGE 24 Z23}oA GlmS &agH/do] 7H S8
Aoz #wod EHAv|E pCXI40-gimSE 7|8k
KG208°] 32dgsto] Az KG343& A28kt
stH, AR glmSe gnald 2F 743 EALHE T
A 229 E 7] g F EFHAnEES C
glutamicumol] Ao =Y ¢ Qo] & T E E. coli/C.
glutamicum A E49 € (shuttle vector)Q] pCES208 H g o
gnal FRAAE AEZ 2t 4717 T/ pCES208-
gnal A& = HEE A& 35}t (Table 1) [16]. KG343 #5
of o] EHAnEE 747 =% F A ET AT A
48A|7F HE B GIeNT} GleNAcS] A =2 24 5tqch
(Table 3). EetA 0| E pCXI40-gImSE -3 KG3439] 7
<, 71t eh= 29 GleNo| AALE|A] oEgtet. glmS7H HEH
t AZ2Y E. coliE o]§sto] et 21, gutos
glucosamine-6-phosphate synthasex= H®I-g AJAHEQ]
glucosamine-6-phosphate®] 23| a4 &AJo] 73HA A
#|(inhibition) ¥ Ro @ or#A rH12]. olutE, C.
glutamicum F 2 GlmSE glucosamine-6-phosphate]]
OffjA ma BAdo] ZstA AsHE wrof GleNo| A9 A4t
HA] = Ao wdd. 3, glmS7F YEE = 75
Z2R2H sodo] 93f gnal FARATL FAl THE= 45
¢l KG43091 & GleN¥} GleNAco| A& AJAt=|z] gk,
gnal SAR7} 2+ ilvC, ilvC-M1, ilvC-M2 T2 HE of A
HEEs F5 KG440, KG443, KG4459 4= GleNAc7}
oF 0.8-1.8 g/l AAE|QI o1, KG4403} KG4432 GleN% &

Table 3. Production of GlcN and GIcNAc by recombinant C. glutamicum in flask culture.

Strain Plasmids ODégoonm GlcN (g/1) GlcNAc (g/1)
KG343 - 718 £46 0 0
KG430 pCES30-gnal 728 + 43 0 0
KG440 pCXI40-gimS pCEl40-gnal 645+16 0.63 £ 0.04 1.77 £ 0.08
KG443 pCEl43-gnal 672+16 1.05 + 0.04 0.93 £ 0.01
KG445 pCEl45-gnal 752+ 13 0 0.76 + 0.02

Cells were harvested and analyzed after 48 h cultivation in flasks. Values represent means and standard deviations of triplicate cultivations.
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7 A= AT} &3], KG4402 & GlecNAc®}t GleN A AHSF
ZHolH 7 940 2748 Yehi Ut B, GleNAc6-
PS} GIEN-6-PS] & QLSS AT 9] BhZe] Bt 712He o
A A EA]TE, alkaline phosphatase®} sugar phosphatases
o Zujof o) & Q4 E o] HiEE = AR FAH
A S7A Az E. coliol A 110 g/19] GleNAco] A =
37} oW, Bacillus®) 7%, 31.65 g/l At = A7l &
A QITH12, 14]. T U, AlZuf JR Y SA4=A=
3 E. colig At 52 AHESte] 47754 AEEER
GleNAcE AJ4tdte A2 £4 A4S Ao AFgHY. B3
Bacilluse oF3 1 YA E7t $2 202 271FQ A
A7t o @gct B Ao A HetE Corynebacterium
& GleNAc BitsZs W @& $Eo|AT, GRAS
(generally regarded as safe) B|REol| A GleNZ} GlcNAcE
e L CEREER
S ot B, SRS S e Yde B dTd =
A" C. glutamicum FH & glucosamine-6-phosphate
synthase7} 71 A AHE 2l glucosamine-6-phosphate©] 2] 3
aLgAgo] ZsHA AsE W] giEe] AR FHHER,
FT 5 NS 3l A4AE Al B Y= glucosamine-
6-phosphate synthaseZ 7|&3}A L} o]n] 7jdts o} E u|Ay
2 529 ol%e) gnsg £ of BAS AT - 3
< AL woE 23] B, & AFoA NEE #FE
AFg3k0] YT GINACe] 19 A, Bl& 3kt 22 37}
29l tjabz et wiz] 2 ok HASE SO LY
GleNACE AAHE 71462 e 5 9 AC2 7|t

o [e]3
L4 =

Y ALEEHE o] 8-5to] N-otAd=F ZAI (GleNAcyS A
At A 238 Corynebacterium glutamicum-< 7|23t 4
o WA GLNACE AASHE 7938 ARaH7] S5,
N-acetylglucosamine-6-phosphate deacetylase?} glucosamine-
¢53k3t=  nagABS+  N-
acetylmannosamine-6-phosphate epimeraseS 93 3}s}+=
nanES C. glutamicum ATCC 1303204 2402 24
ate], HFHoF KG208 #+FE AFEATt. Ed
glucosamine-6-phosphate d33ssl=  C.
glutamicum 42 2 glmS2} glucosamine-6-phosphate N-

6-phosphate deaminases

synthaseE

acetyltransferaseS &3 3}3}= Saccharomyces cerevisiae

T gnal 27 o7 LdHE Y 22T o2
d 23] ZetAUEE Zo A pCXI40-gimSet pCEI40-
gnal T3 A 2TA3 KG440& AHZ-EakA T wh g of A
1.77 g12] GIcNAc®} 0.63 g/19] SEIAMNS AYAkslgct.
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