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8 ZF:. [8 6] WRINR B A0 R E) 2B o A8 2 8 2t 5 2 B AR AT B (Corynebacterium
glutamicum) £ S8 MAIRBE T A K FHra BT a9 E AR, [ %] Bid R Ak P IR
BAt BB AAN TS, AR A SR BATR A S R BEF 5 BEMEA T ARG T R, 1o
A I mA BB 2 R B A T B AR A5E fo R 112 b K ARBRSE FOR-T- 69 %5h, vABST R A
B = RARBR G Fvm . BE— IR T A R A B L ARAT B B T M 3 ) B AR A 69 B EAE
A, [4R]) ESHARMALHT, SMRFMBRAR. HHRBAN ARG S RBRIBATA G ED
ENRNRE 54.7%. 50.0%F 37.6%; mlEZ EAEMASAE T, eI RER AW S8R G AR A
I 20% A L, H—FHAREN, EGHBEMAT, MBI RBRE 5 A BABATH
HFRAEARNRERGY 2542, CRBROKBEFELEMT 127.5%. ib, BlEEIRBRAT L
T 4 AR B — R B ERP . (48] HRABAT SR BEATHAESD T AEMAT
BB BAFOSERIPAER , T 602 B T H 484808 &) H 42 09 4532 Fo X8 71, R BT R ILARE B IR R
8B E AR L AT IRAT B Bl — 4 im .
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Effects of exogenous arginine on the growth and fermentation
performance of Corynebacterium glutamicum under high glucose stress
LU Hong-Fang'? WANG Hao'? XU Ning* JU Jian-Song' LIU Jun®

(1. College of Life Science, Hebei Normal University, Shijiazhuang, Hebei 050024, China)
(2.Tianjin Institute of Industrial Biotechnology, Chinese Academy of Sciences, Tianjin 300308, China)

Abstract: [Objective] To study the effects and possible mechanism of exogenous addition of
different amino acids and compatible solutes on the growth of Corynebacterium glutamicum under
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high sugar stress. [Methods] Various amino acids and compatible solutes were individually added
into the indicated medium supplemented with high glucose or sucrose, and their potential effects on
the growth of C. glutamicum were examined. The influences of exogenous arginine on the
transcription levels of some key enzymes involved in sugar transport and metabolic pathways, as
well as the fermentative production of amino acids under high glucose stress, were also explored.
Moreover, the potential roles of basic amino acids in protecting against high glucose challenge were
also analyzed in other Corynebacterium species. [Results] Under high glucose stress, the biomass of
C. glutamicum increased by 54.7%, 50.0% and 37.6% by addition of exogenous lysine, arginine and
histidine, respectively, while the addition of exogenous proline or ectoine increased the biomass of C.
glutamicum more than 20% under high sucrose stress. Further studies revealed that exogenous
arginine resulted in a nearly 2.5-fold higher glucose utilization rate, and the amount of L-glutamic
acid by fermentation increased by 127.5% in the presence of arginine under high glucose stress.
Additionally, the osmoprotective effects of basic amino acids in response to high glucose stress were
also observed in other four Corynebacterium species. [Conclusion] Arginine plays an
osmoprotective role for C. glutamicum under high glucose stress, which may be attributed to its
ability to promote glucose transport and metabolism. Meanwhile, the osmoprotective effects of basic
amino acids in response to high glucose were shown to be applicable to other Corynebacterium
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species.
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XPHRERE I IR IE T
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FAZEVETS A A ProP FIfE 2 25 [ BetP 4>
MR Bl B, W EE K B
N, R AR AR A BT M A
122 5 s il B A A BT ANIE A o A SGHE R A
WA R G R AR SR 0T, XA S R AT T AE
KR BE B T AR KT TR RIIRSE, A
F Tk — 25 T At G W 52 o WS 3 T 3 1 A B
B, DT R e it 7 3 s 3 T L i i 22
PRt —E S HME.

1 RS 3%

1.1 #

1.1.1  HHFASIH: Corynebacterium glutamicum
ATCC13032 i A LI = - fF, Corynebacterium
glutamicum CICC10234 ., Corynebacterium glutamicum
CICC20903 . Corynebacterium pekinense CICC20971
F1 Corynebacterium crenatum CICC20662 £JI4 H H
Rl Tl AR A 0 B R DR B .00 (CICC) . SE3R BT
SR 1.

112 FEIRFIFULER: & PR P B 28 5k
fi%, L3 Solarbio 23 7] ; RNA $#EHGXF] £ (RNAprep
pure Cell/Bacteria Kit), KHAEY THEA]; Rk
177 & (RevertAid First Strand cDNA Synthesis Kit),
Thermo A )5 2 FH A AR 32 [l 57 23 #fr 2l
PRz HEIRA, RERPHIRA R 20LEt, Jt
SUEHTEE A FR A ] 5 maRA A, 25
ERHEA R F; 2t PCR X, €[ Applied
Biosystems 2\ Fl .

1.1.3  3EFE: (1) LB %3 (g/L): Tryptone 10.0,
Yeast extract 5.0, NaCl 10.0,(2) LBHIS 5##%(g/L):
Tryptone 5.0, Yeast extract 2.5, NaCl 5.0, D-sorbitol
91.0, Brain Hearth Infusion 18.5. (3) LBG i3k
(g/L): Tryptone 10.0, Yeast extract 5.0, NaCl 10.0,
WS 5.0, (4) FFEFRIL(e/L): WA 25.0,
JRZ 8.0, FKI 30.0, K,HPO, 1.0, MgS0,0.2,
WA pH £ 7.0, (5) KM I3E(g/L): Hi% b
250.0, JRE 4.0, FAIK 1.0, FeSO,7H,0 2.3x10°,

x1 KA
Table 1 Primers used in this study

Primers Oligonucleotide sequence (5'—3")
ptsG-F CGGTATGCAGGTGGTGATG
ptsG-R ACTCCGCCGTATTCCTTCT
ptsI-F CGTGAAGCAGAGCAGGAGC
ptsI-R CATTGACCATGCCAGCAGT
ptkA-F GGGAAGGACTGTTAGGCG
pfkA-R CCACCGATTGGGATAAGG
pyk-F TACCCGCTTGACTACCACC
pyk-R GACATCTGAGGGTGGATAAAG
acn-F TCCAAGCATCGAAATCCAG
acn-R TCTCGGCTGGGTTCAGTG
sdhCD-F GACCGTGAGGCAATCCGTC
sdhCD-R GTGAACAAGAACGAAGCCACC
mdh-L TCCTGCGAAACATCACCA
mdh-R AATCTTGCCGTTGTTAGCC
gap-F AAAGAACCTGGACTGGGCTG
gap-R GTCTTCGTTGCTTGCTGGTG
16S rRNA-F ACCTGGAGAAGAAGCACCG
16S rRNA-R TCAAGTTATGCCCGTATCG

MnSO47H,0 2.3x107°, MgSOy4 1.0, KH,PO,7H,0
2.0, VB, 0.2x107°, THKMAI 5.0, CaCOs 2%,
KL FEIRA] 0.4%, P77 pH £ 7.0 (6) 50%M9 5]
EPEGETE, 1x10° Pa K 15 min, (7) &FhAHZAE
Vs I AN 2 SR At Y 1 3 R v 5 FH o
1.2 AESHEEEMEX C. glutamicum % <H]
Al

B C. glutamicum $EFPF LBHIS K53%3&,32 °C
200 r/min F5FEARGHATIEAL ; SR RN B
A AN [ e B A A0 (10%—30%) S FRERE (10%—35%) Y
LB iR 3T, LS ODgo M 0.1; 32 °C,
200 r/min ¥55% 16 h J5, FIHEEETHHE 600 nm
WA T I BRI A, VR i R ik AR
RESI B PR, LI 3 Kk, BCEHME.
1.3 ARIAEBRMES AR SIS ERE
T C. glutamicum FA<HI 221

1E LB B3R 3L as i 25% 10 4 450 K2 30%11)
FEREAE 5 223 S R AT TR AR K I S B 8 45
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P, I AR A S 30 T SR E B 5 e v IS I Ak BE Ry
10 mmol/L 145 FhZ JE R FAH A MV o . K it 1%
AL B RERN T 4 mL R, Fas
FrFAIE 1.2,
14 FOREZEZEXEERNERSAEE
BHER AN E

¥ C. glutamicum 0T LBHIS #5555t
wWiEf, RIEH R RS 100 mL =i
FEH(25% A BELB)AY 250 mL =i, JEu
A ODeoo K 0.1 5250 20 Hh s i 24 4 B Ry
10 mmol/L RS &R, * IR AT EfI4is,
32 °C. 200 r/min #E)HEE IR FFRARE SR 8 h Al 16 h
J&, 4°C. 8000 r/min #.0> 5 min WEEFEK, K5
BRI E TR AER, —80 °C fr#sH. &M
RNA $ a5 & 150 W] Jr v S Okt RE 21 5 S 36 4
FR RNA, FHIE Areo/daso THLATEA RNA 2K
ik, 2 RS s R U W A T R ok
3% cDNA J5 B F-20 °C P47 H o S iR s
1 X PN )22 - W 0 TR B % i 22 02 (PT'S) Hh 7 i )
s M 3 o % 4 T R FH A L U TICBY™ (prsG)
FEE T (pesD!?, BB R A (EMP) POl S [N
6-WE MR RNV 1 (pfkA) . PN R BRI (pyk) F1H i
T -3-WE IR I S B (gap), —RIRIGIF(TCA)F YL
LRI Tl (acn) R IR It i (sdh CD) RIS SR R
Ji S (mdh) WL, 17268 it PCR i,
PCR [ JWi#& % : 2xSYBR Mix 10.0 uL, Primer F
(10 pmol/L) 0.8 pL, Primer R (10 umol/L) 0.8 puL,
cDNA template 2.0 pL, ddH,0O 6.4 pL, PCR [ )i/
1. 95°C 1 min; 95°C 15s, 60°C 155, 72 °C
45 s, 40 MEIF. R 16S rRNA ZEHME N H S
SEDN AR A QYR SR A
SEG A BE A P A AT mRNA ik 225, Hi
AL BT REFEA ) k8 SR 1,

A0 R FH 3 0 I Ty vk 2 BRI 3 ] S
DR B2 AR A FR 2 ] A i 7 B 4 A Bl o i )
(E1010); X 2l 5525040 B pASE 7% 8 h J5 8 000 r/min

B0 5 min, FERAGRE DIERIREL. Bk
V)] A A R A R LB (GOD) I VE I A= i Al
ERETR TN HyO,, SRJ5 i AL Al (POD) i fbidd 4
R, )RR 4-50 58 MR BRI e, 25
TR 5 A W R B L L
1.5 HBREBEXMSEEEMET C glutamicum &
B - R EER B SN

BRAEH) C. glutamicum THFE LBHIS -4 |
Rk, PREEATE R TR FREFRILE G L. ARG
B HFEEET 50 mL & 25%H H0E & R IR L 1)
500 mL =AM, SIS B INZKEE A 10 mmol/L
(RS 2R , X BRSNS AT A P 5 PR A& 2 45 ODeoo
1.0, 32 °C. 200 r/min A TR TR LIRSS,
MR R N AR S AR, WIS 20K pH
7.0 P AR 3 K, FIF HPLC I & 1%
48 h G IR B
1.6 WHEIEBRNSEEEENTERTERE
A KR9SI

¥ 76 LBHIS 35 F HE ot %Gk C
glutamicum FHE 4 FIERARFF B3 0 R0 T 4 mL
() LBG DL S5 A 25% % biN LB 153 sk, SN
IR E A 10 mmol/L (1) 3 FhisiPE & SLmR . 4
IR ODgoo M 0.1, BEgR 541 1.2,

2 HR540
21 ARESHEEZEMEBN C glutamicum %R
S

K HAEH T % C. glutamicum TEAN[REHE %
E TN B, B ARSI T AN [ v R ) 2 R R
XTI R A K B . S5 RNE 1 fos, Rl 4
SRR B (A T iR, 0 BRI A K i i
/SRR e N e e 7 b e o a3 it e
30%H1 35%HH, WHRAY A K E &2 2 FHm ;B
Fr 16 h 5, WHEARILB B AR, Ui EE b2
BELRSHZ40 B LE A A B, ™ B R A A A
Je S v BE PR LR FE S 25 Yo IR K 30% EHAT:
Xt C. glutamicum {538 B RS TR 554
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Figure 1 Effects of different concentrations of glucose (A) and sucrose (B) on cell growth of C. glutamicum ATCC13032

22 ARSERMESEERYSHESERNEB
T C. glutamicum % K 8RIP1ER

FRZAHAEIS U Z B0 A e N8 2 hia
i R FH A 3 R R s 2 — P o ¥R g
C. glutamicum KWIERSE HP R BUEA A K AR
R, 38 L AMIEA AN R S B AR AP B¢
HXTRMRA R B . N 2 s, SR EA
WHEBEIa B ORIV E A — 0 25 57 TR Rk
JEREEG RSB 0T (8 24), win 3 F
PR SRR (AR . KA Z RN AR AR .
AW SRR, HAYIE B 54.7%. 50.0%
F137.6%. 75h, BEBHABXT R A —E BB R
ROV, TERAYIREAE R 15.0%, TARZ R BTN
DUSRENE | RSN . AR S L e SR P AR R
W B S IR PE R . TE R RERIA 2501 (K] 2B),
AU TN 222 F O S M (e AT A T B T 20%
DAt TAE 3 it 2 SR S I 2 RV E T AR A4
HWIEEL 15%, DX 6 R ifE s ErEia T
XA —EBE R ER . FiRgE R, 16
ARG B S AT, C. glutamicum
RS PRI A SR SR E W B B ids R dr il
23 FEREBNSHEEEMET C glutamicum X
lapAl)

TEA Tl A S T A K A5 Y
FERIE, T ERBE AR T I TEH =
YR BN S R ABEE AT, AMEAS I 2

Fp ] DA R A R WA . I 3A
AL, B5FE 8 h RANEIR IR IR SR AT
APy ST Ao BREZH AT BRI R AR AR R T i —25
TRITHRNE 2 ERR 0 AT REVE AL, JE 2Lt o b oA
NS ZERXT C. glutamicum WIBEIR TN FRBR -1
FREEFEIG R SL(PTS) . WEEEAF IS (EMP) AT =R IR1E
INTCA) R s RISE I . anf&l 3B FR,
ISR EREEFE 8 h 5, C. glutamicum 1) PTS R4t .
EMP i@ 42 H1 TCA A PAHSCHRE R i Rk S Bl 1
ANTRIRREE A I, F B ANIEIS RS 2008 mT LU e ik
OGRS . 21535 16 h Jo XRS5 S0i0 40
BRISALFAE R A, AR T REAL, SCIRd i
¥k PTS ZRG0H ptsG Fl prsl KR IR K- WL RH i
i, {HE EMP &2 TCA JEFRHAESEIE 2
IS HA R R 3R . FIRGIR R, AR
TEWE , BRSO ZH BRI A A R T B —
FEEE IR, (R A R O iR 71, 5
4h, B ODgoo WK FIEIBHT- YR FH 200 45 R
TN, FEXEI RS2 ) R A T 25001 3 LX) T
HIEEL 2.5 15, WHERETREEA 25500
1.128+0.100 g/h F1 0.444+0.300 g/h, 156 SCI2H Rikk
AT BG4 i N ) ST RE A RE AR K o b gh R
LR, AN Imd I 28 SR 5 vT BEXT TR Lo f Gttt
WAL A: TR, (R B 2R A EMP 312
1 TCA FEFRH, T A BRI ARSI T 70 e A RE
AR
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Figure 2 Effects of different amino acids and compatible solutes on cell growth of C. glutamicum ATCC13032 under high
sugar conditions

e A: 25%F0%0E; B: 30%EHE.
Note: A: 25% Glucose; B: 30% Sucrose.
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Figure 3 Effects of exogenous arginine on cell growth and metabolism of C. glutamicum ATCC13032
TE: A SEBRPERF AN T I ER N B RERRUS I A S BPRAT B O A U R AR S L DR 20K (5.

Note: A: Growth curves of C. glutamicum under 25% glucose condition; B: Effects of exogenous arginine on transcript levels of key genes

involved in central glucose metabolic pathways.

24 REBENSEEEMET C glutamicum &
fE = | BB B S

RS v e BLAM IR S IORG 24 IR R U R4 9%
fift R Uk BE AT AR C. glutamicum WBEMNE , IF H.
AR (%) 7 20 Wi e s AR A rh 2 S L [ 3y
IR B i 2P IR A S R AE R AR A TR
Ve, BHR T e A BE A 500 T AN
NIAE 2R X TR K A 7 2 BRI 52 . 455 R L
TER R EE Y R R SR b, AMIRTR RS 2Rt

FRIAR 1) 22 D S R R e AT — 2 IR EVE R (18 4).
FHECTF X BETRRE , A 2R VS N DA AR P B TR A2 )
(1 ODgoo) T AT E R it th 4.32 mg/L $#25
% 9.83 mg/L, HEPZ RGN T 127.5%, [FEH
AR . TN 2 R OFN A SR 1Y 7 LA A G T
107.7%. 89.3%F1 27.8%. HEM i TG BRIUS N
RERS I U MR MR AL B2, 1T LB = RIRGER
ZAEEILRM IR, A BT R — R R
PEER A, SRS SR AR
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Figure 4 Effects of exogenous arginine on the

fermentative production of various amino acids by C.
glutamicum ATCC13032 under high glucose stress

25 WHRERMERATEESAHEREHBET
e S=0pA

AR FERIANE B LR B HR PR AT TR 4R w55
AP R, PR 4 R IWERIRFFIE, e
C. glutamicum CICC10234 ., C. glutamicum CICC20903 ,
C. pekinense CICC20971 H1 C. crenatum CICC20662
WSE THEIE W S A a2, SAMIRES
3 PR LR XS C. glutamicum ATCC13032 J |
W 4 FEMRA KA . AR 2 T LA, Bk
BERRAE A GACH ), AMIRES IO T B A= K
P — R R s e A B

3 Fhs P SRR A A IR LA ERRAT B A9 A K AT
PR R E RS, AR R 5 AR
PRGN 30% 440, R A A BRTE TS
55, FPRIA P g gy 20%., AR
— 7 AT A AR AR A, 5y — 5 TN e
WP 38 25T I B R AT — 5 B B IR AL
o 3 Pl S SRR T s A R R T RAT TR Y
BB AP E R — o 8 1
3 st

A G AT 1R & I Tl F B A A = T Al
CAW T 2L . TR & B I fE 127 &
A" o ST ARV e R AE T AR h 8
WBAFMBIEIE , AR T RS & i 2R
BET, AN IR ) 2 L FAH 25 T 45 24 R
PP AR R AR TR 1 s, Lt S R X
e A R AR DA 4 2B K E A B S Y AR R
o MR SRS R, SNER IS 2R
A R AT TR A R T R AR = 2 2.5 f%, 4%
TR MR EAT SR D IR FE RS R T, AR
—EFERE FRRIRM M A R A AR . IEAh, SRR
N IRG 2 BRAE— 2 R B L RERS ML VAT 2 BR A FF 1
R EIERINAE )], WA ERR ., HEmR . N
M e AR TR A o BT BB, SNSRI TR
TNRERS ISR R AT I PTS R4, EMP iR K
TCA PR G HREE I Y RB /K- SR H R ) EMP

R2 FREUEFFHT 3 MR ERMNERTEE RN

Table 2 Effects of the basic amino acids on cell growth of Corynebacterium species under three different

culture conditions (%)

Strains

— + - + - +
13032 8.9+4.2 50.0+3.0 7.9£2.0 54.7+5.7 6.7+£5.3 37.6x1.4
10234 13.8+3.2 39.4+2.4 13.2+£3.2 31.7+4.3 6.1+4.3 24.9+0.7
20903 17.5£3.0 31.1£2.6 16.0+1.7 35.9+4.9 13.2+1.6 17.1£3.1
20971 11.4+0.3 25.0£2.4 4.545.6 23.0+2.6 13.1£3.1 22.242.8
20662 14.4+1.5 29.3+£3.4 4.445.5 342422 0.0+£6.1 23.9+£3.6

T = IEWRERAAT +: 25%m AN 35 451

Note: —: Normal growth conditions; +: The presence of 25% high glucose stress.
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s S0 MR ROV UL A, ) S AN RE R
ZHii A EMP 3845 F1 TCA JGER, DT A TRk
HEHEZ 0 ATP RERCRIASCRT AR, LI i 27
BE T A RACHTT R TR 02, KRy
KRR ARAE I A (598 B A A5 F P AR EIRESE
R B AR ) o ST A WM B RS 3
AN A R S SR Al e, N
YRR LT 2 — 22 000 . SERTRIBTFERIE R
W1, RS FR L HAT A I BE AR VS R E 10475 A 1
FAW, MOAMSEL G ddB R, SRR AL REIS LI 2R
AR R R R A AR Y . Bk
BN, KaR ] el 2 M iie It F 25 ha
PG BIANRCEONE . IR, XS SRR A B S R
TE R B IR0 N B MR AT T A I MR R RE Y
TN — PRI, A AT A PR s A3 2R
PRFFIRTERREES A T 04 P DR

2 % X
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