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Glyoxylate Cycle is Required for the Overproduction of
Glutamate but is not Essential for Corynebacterium
glutamicum Growth on Glucose
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# 4 Corynebacterium glutamicum ATCC 13032 A h A 4 WA T LM AR ER R A O SR MEBH T E LB Corynebacterium
glutamicum WTAA. SEBRE ARG E MBS LN R AN L8 EhF—B B Ak A A b K. 5 & & 4 ATCC
13032 AHEE , WTAA Al N A B AE—~FROERA LA KE R EED HLASAMB AN T T E LS AAERRABEL
AR EREEFRADLSAEANEHTH Y. 2%, 52 L EH ATCC 13032 #ik , WTAA SRS AR A KR TH.
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Abstract The glvoxvlate evele was hypothesed to be indispensable for glutamate overproduction in coryneform bacteria, for it
was thought to fulfill anaplerotic functions and to supply energy during the growth phase. During glutamate overproduction phase,
however, it has been noted that the high level of the cycle is detrimental to the glutamate production. In order to clarify the rela-
tionship between the glutamate production and the glvoxylate cvele, a chromosomal aced -disrupted mutant of wild-type €. glu-
tamicum ATCC 13032 was constructed. The isocitrate lyase (ICL) activity of the parental strain was 0.011uw/mg of protein and
reached 1.980u/mg of protein after acetate induction; the mutant strain WTAA, however, had no detectable ICL activity and was
no longer able 1o grow on minimal medium with acetate as the sole carbon source. Compared with the wild-type C. glutamicum
WT, the mutant strain WTAA, exhibited the same growth rate with glucose as the sole carbon source, indicating glyoxylate cvele
is not required for its growth on glucose. On the contrary, the glutamate production in WTAA was severely impaired and more re-
sidual glucose was found in the fermentation broth at the end of fermentation with the mutant strain than with the wild-type strain.
Further investigations into the relationship between the glutamate production and the glvoxylate cycle are under the way, which

may help to elucidate the mechanism of glutamate overproduction.
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FRARRRD FEDFEN T EETERERA
w3 -

FHUESSEHNE X EREHGROE
B CERER N AFTREHEE X RRE N LR
FEABATSERN EAERABNREKRER
B oARTFECREEIMIER WA Y S BB
e E =, BRle e Y EREERKBEENSE
Bl ATKESERMHARSEM, RIFHFAZ
BRFERER., XEE NS =B RIEIR P8 Y6
THM 100% 4 E CO, B 2R R, W8 1k
FKR 8719 ; QIR MHEE B 100% H 15 2, B 8 1%

SE A BT TE LU o — SR B A 5
HEIEKMNIBBRERERRAEEE . VEHZ
EREASHEAENMARURSEESRZ E X
ROEMUEFEHANF A S 5Bk Corynebacterium
ghtamicum ATCC 13022 K EHEK, RHERER
KSR B RFER S RERA NS S
Ttk RoEd R ERSHARKAER S
ARABTENRR, HZEREFRSTERE R
Z AR B — T,

1 M8 5F#E

Bftey MR RO A 5449 it BH 1.1 ##
REHARERICH T EETHREE S EN L1 ek BT R AR AR Lk 1.
®1 HHOER

Table 1 Bacterial strains and plasmids

Strains or plasmids

Relevant characteristics

Source or reference

Strains
E . coli
M09 recAl endA1 gyr496 thi hsdR17 supEdd reld] Al lac-proAB)/F’ (1raD36 proAB* lacl® lacZAM15)  Our lab
dam dem thi bsdR17 cupE44 lew rpsl) lacY galk galT ara tond shr tsxA (loc-proAB Y F ( tral)36
JM110 Our lab
ProAB* lacl® lacZAMI1S)
C. glutamicum
ATEC 13032 WT Tvpe strain CIcC
ATCC 13032 WTAaA Aaced 1D km This work
Plasmids
pl ClE Ap", ori of ColE1 Cur lab
PSKavmQKm Ap™, Kmf. ori of CalEl Our lab
pAl pUCIB carrying ATCC 13032 Aaced This work
pAK pLEIS carrying ATCC 13032 Aaced ! ! (2m This work
L1.2 HBFEE IBEFEATAEHERNS &5/ M SEWHARERTILFARZH. HEhidn
BHEMNER IBEAKERERD 2050, 5 E Ky E e O sy it
B MEERUTHRERN- A¥&#BL 10 1.2 K%
wml, FUE K SO prml. FIF S RMEI B 2.0 Z RN 78 B2 1 45 L AR B 6 B

RBTEC 22 A BV A 8% 57 450 12.0¢/L K, HPO, , 0.2g/L
MgS0,-7TH,0,1.0¢/L (NH.),S0, . 8 # 75 B 7 0 iy i
BHRHISGHEE 1597 8. SEBEHH T3
T2 5 T W R, 0.25% K% ., 2.5% T K3,
0.1% KH.PO,,0.04% Mg SO, - TH,0, ¥ B2 15 £ 5.
5% 1.0k # #¥E, 2% (NH, ).S80,, 0.1% KH,PO,,
0.04% MgSQ, *7TH,0,2mg/L MnSO, *4H,0,0.3% £ %
4 ,5%CaCo, ,

1.1.3 Bg5 it PRHIA . T4 DNA ligase 545 & B
FEFE W F TaKaRa 22 8. PCR i i #W + b5 &
THEDTHEBRRSBRLA. 51988t =

Bk Corvnebacterium glutamicum WTAA §9% B . L FI
Bk DNA 2B B Y) RO (DNA F BRIy iR
BLKBF B S W SRR IE R # s
HIT. CERREHENERE T RSB o
T-MESEARBETHAMBETER B A H
aced WP F P2 TF W &5 . E¥51% P1. S
CCCAAGCTTTGCGAAGCCAGAACTTTGC 37, F #7340
P2: 5" CCGGAATTCTCTCATTGGTGCGCTGGAC 3, H
T PL BT 5SS A — Hind [l BB 45, P2 89 5" 5]
By A E&E A pUCIS #
k.55 pAl BB, SRIE M AT pAlL R LAY aced
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S W S T FR&IEG1L S0 pA) TIRLERTE AL, H A
Z R Sma | A R EE A& Qkm, B
B H R BB pAK (Fig.2) . BB pAK H L&
FERETE Corynebacterium glutamicum ATCC 13032,
WS EREEMN LB ERE LKA BAEE D
BN Z R e —RIE R EAE RN
FHEMBES EUSEEI S - BENERER
B A KEETE L R A — R IR A R B SR
FREKNEENCBERERERRAN S T NE
Fregsedeek. LAREHREFEY DNA R, A L
2|45 P1 f1 P2 #E4T PCR ¥ {F At — L HRIE.

. Hindlll Genome DNA of ATCC 13032
facs W FeoRl
Ampr puCig PCR
AR 2686 bp |
weed gene fragment
ort e —

l Hndl Sl FeoRl

HmdlIl + FEouRI

.-/
7 T4 DNA ligase

= Hmdlll Amp?

) Smul
o el m
Amp'| iy e .
pSksvm QKm .
FooRl 3900 bp Qkm
ORI facl¢}
ori - Smal

1 Smal
“T4 DNA ligase

*

. pAK \
Amp s9lbp

(2153

Stul

1 SEEENEREET aced BERIER pAK My

Fig.1 Construction of aced disruption plasmid pAK

Amp'

H!‘J’
- -

2

aved

Genonne DNA
b ==
2 HEF aced MR
Fig.2  aced disruption

1.2.2 AEERKMENLH . FHEREK C.
glutamicum 13032 WT HIZ BB R EEHR AN AR
KT E R T M C. glutamicum WTAA 4 B Fi 4E

S SR 1.5% L8 25ml EA R
F 250mL =T, B ER ODLERN 1.5
£;30°C, 2000/min TR E#HTEMEIF . 240 A
EBTE B 0D HIFE AR M.

1.2.3 €. glutamicum 13032 WT # C. glutamicum
WTAA WA R A A FEA S EROTZE N
FEEMHEESRELEREER S5ul BT ERE
9 250mL = M8, T 33°C , 2000/ min 5 3% 10h, A5 5
BESA I15SmL K EEH A 250mL = A F, 3
HENHRELE 0D R R 5.0, F 33%C,200r/min
PR BE 3% 24h, ) E BRI E © T8 0Dy 1H,
HREMSERSE. HHENSERNERHLUR
& Rl B A Yy T 5T BT BT L A9 SBA-40B BUX A .
1.2.4 HMHEMOE & C. gluamicum 13032 WT
Ml C. glutamicum WTAA #E#F & 60mL HARFE
K9 S00mL = FHL L B R 47 B R, BD 1,59 B % R e
1.5% 2B, BN =M. EHREVEERD,
43R FPRE S Wi E AR, A 20mL R A 50mmol/L
9 Tris-HCl (pH7.6) S oh# k% 2 K, & /5 H 3ul
ZEMKER, T 4CH A BB 10mn (T
fal)y, T3 % 300W, T.fE 1s B f& 3s. Bl /5 T 4C,
10000/ min 2.0 30min, b 75 % BD A H BG K .

1.2.5 RN 7B M A B (ICL) & PR U &
E3inl EHRE ST EAH O 50mmol/L MOPS (mor-
pholinopropanesulfonic acid ) % " #® (pH7.5); @
Smmol/L MCl, ; & 4mmol/L tiBEH M ; (D 2mmol/L 5
R0 HEE. Al O.0.0ONGR
GHTF BCHE REETENRITER=ZMES
F i %324nm"*uﬂ?iﬁﬂ&ﬁﬁamﬂﬁmﬂ*mi
Yie=14.63cm pmol ™). — TR BBIEELHNE
SHER AL A Tpmol E’JF%FEW%E&£1

1.2.6 MEAER - MAMERASEHME R
Bradford 3, IAF ML T E (A ARHER L .

2 #X

2.1 ZHEERZCREANASHENEREHR
C . glutamicum WTAA BIHIE
FHEELESEEEMNEH RN pAK F A
ATCC 13032 WT . #ES FIZEEMN LB K
HEEREWEEEREE S EEENIREE N
MR AR AR L S, AU EE
S ME B TR R B A IR B R T TE L R
—BEMRAEFRE AR RAEEIN AR T
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ATCC 13032 WTAA, 9 7 st — 4 W RAE, LA 4L
FH R EE DNA 8, LI ATCC 13032 WEEH
DNA Jy %t 98, 514 P1 #1 P2 #4T PCR 374§, FIX
By i 45 85 Y 3% 2 1836bp BY aced HH F B,
i sk FHU R 41 DNA VAR 3% B @) 2R3 L
HRTE aceA HA T BA NI AT 1000bp OKm fr
Brio 3t 2836bp B9 B, INHE 3 iR o

B3 REH C. gluamicum AA B9 PCR I8 1E
Fig. 3 PCR verification of C. glutamicum AA
1: ADNA-Hind[ll marker; 2: PCR/C. gh icum AA g
3: PCR/C. glutamicum WT genomic DNA

22 EKHEENEH

M 4 B[40, 24 ATCC 13032 WT #F 4 B B bk
IBEMRBAREREN S ERBET R R LK
Corynebacterium glutamicum WTAA £ VX % B8 Ay o —
BEMEAERE LA KN, ENHEREEILY
FRIR) , 550 24 DL % 0 O Bk UR JE AT 5 R e AR
H& Corynebacterium glutamicum A 75 B Z BERRIE
HHEE/ERATEORBAAEFE~Y . HEL

ic DNA;

ZERHME—BRIR A S AR B IR 2 B IR SR, WTAA B
Bl TRZZBREFRSEEMAGRERK; WT A
HEkSUEEEIREHTERMLE, BRI
2 15h,

4

()',)(ill

15 25

10
t/h
M4 ATCC 13032 WT 4 BB BRI ATCC 13032
WTAA A SIE BN Z A —%KER
EAEHREFEREMERNS

Fig. 4 Standard growth curves of C. gletamicum on minimal

5 20

medium with glucose or acelate as sole carbon sources

B WT/glucose; & WT/acetate; < WTAA/glucose; x WTAA/acetate

2.3 FH4AREHK C. glutamicum 13032 WT M1 Z &8
BERZERENSAREFERESR C. 2
tamicum WTAA & BB E K

BshnEmimtRaAME. A5(AR
Bk K, EEREHET R WIAA SHERE
BWr M, AKERILEREREBASBRX
EOaBEPRETANME, R RTHREHERR
B EEEETE MAREEREENERES
FTHARMEKBES(ORXTHEMRS R
& MHETHNSERFRKETRE. 82,08
ST, AERENFENSERARTEZERE
B ARHAEAHIEREFEENER,

8
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Fig.5 L-Glutamate production of €. glutamicum 13032 WT and C. glutamicum WTAA
@ C. ghuamicum 13032 WT, O €. gluamicum WTAA

BREEREME ICLEERE
ME2THATERN M EERARORE
BWIAM BHESEFERREAMEESE. MEARKA
Hh WTAEKAEUHRHE I - RENELEFRE
FHEMBHRTERNREEE. HEAEULR
LM —RBENERERE EARNETRICK
HMESERMNE RS,

2.4

it

A E 142 50 451X BB FF B8 Corynebacte-
rium glutamicum ERRE LB SR BEERLE BT
THEHNEEZFMEMZIANHKENR.

N4 3T — S5 X /9 B8 B A1 Brevibacterium lactofer-
mentum M Brevibacterium flavum WEF X FBHR T

3
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Table 2 Specific activity of isocitrate lyase (ICL) in
cell extracts of C. gluzamicum strains grown on
minimal medium of different carbon sources

Specific activity/( u/mg)

€. glutamicum strain

Glucase Acectate
ATCC 13032 WT 0.011 1.980
ATCC 13032 WTAA 0 0

Corynebacterium glutamicum T REAEFEAERTE
Bk AT B Rt e A AR ey T HOIR A L
BAMNESHAEREEMETE LRGN E AR
AORTRE .t 2 AR AT A O B A o 1 A R
SHEMTE SR FERR R T MRS N
R, BERFMHREN EEVERENEDR
LB EINE B R 2K % ok ) B 40 A
mim s AMESESROEST FREH S ME
M Bl SR aStEnEm.
Eit, IR ARERST @RS REN WERE, &E
AR RHENEEREGERIBEARNERR
SR
ZEMEAERETERB RS EMS M
RS2 —. IEIMETH LSRRI,
X BB ZRBRET i RrE R T
A SRR B RITAN A DRE AR AR
f5 IR R R R (B O AR R A B A L N (SR AE
FZBREXREE MBEEEEEN . XEHNIZKE
BEITHEHREMN S IR EZR®EH. A5,
A 6T B R PR AR 1 AR IS T E th R W R R AT
£ RERAEZHN CBREF WA ARG, B
MR AREN, K EXNZERIEREZESTERN
AEERELBHEE A RENTEDHEHARLEA
5. RitHAETERTEMZEXZRE BRA
HAZBHMG A WAL, WRLRE BRI E
BMTFAE:(2) JERBHEEN T E& S N ER-
FEAE R R B IR A K BT TR S8R 43 B 2 R AL P e

Y, HAZBREXEERANTEARENE
WTAA 5874 BB Bk WT 8 Lb 76 1 45 8 5 5k IR A 3%
FEFERNARFEEFATHRT. BIIEENL
BRI ST AR R AN X RS TR,
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