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B OE I B3FEZRFETREEHRALE L-HARS Z A, AR wE&EHEE
REFAMAE T L-HRBRORELBELN. [F X RATEZRFETHRANERRAGANERE
R34 Corynebacterium glutamicum GUI089 #AT A 5K, £ FH L-SHABRF 8- &2kt
Bik. AXRFEIegtak b, M A Plackett-Burman X+ AN 7 ANE & 55 ik B 2t L-AF £ B S A
BA B EHL(NH,),S0,. M AERE 3ARE. AT ERER, #—F KA a &KL
il 2 2R ENRELAIOKE. [ER]) 22 —2505F5 Tk, £F 48— L-5H AR
(15 g/L)A= 8- R & 2274(0.7 g/L)IHE #R, FHFE ARG % A C. glutamicum ARG 3-16. SLH AR
LA B R AMIRZ T 49.79%, HAZBER T RBRREY ZHEAK, 4552 LR,
L-5-2@ A L- SRR, A28 aRNERELBAET, LR > 123 39.7240.75 ¢/L,
WARALTTIR 5 T 10.49%. [£#£ 13T ETRT B FTHRETHRRARI LT B —H LHRRS S
BAR, AR e @A BOORA T KB, FRa REW R T ARG 3-16 A B 694 5 &
FAM1E,
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Breeding and fermentation optimization of
L-arginine producing strains
CHENG Gong XU Jian-Zhong GUO Yan-Feng XU Kai ZHANG Wei-Guo"

(The Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology,
Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Objective] To breed L-arginine high-yielding strains by atmospheric and room temperature
plasma (ARTP), and to explore the optimal fermentation conditions of mutants by response surface
method. [Methods] The L-homoarginine and 8-azaguanine resistant strain was obtained from the strain
Corynebacterium glutamicum GUIO89 (SG', L-His ) that was treated by ARTP. Based on the results of
single factor experiments, ammonium sulfate, glucose and urea were selected as independent variables
to optimize fermentation conditions for L-arginine production from 7 factors by Plackett-Burman
design. Subsequently, the levels of the three variables were further optimized by response surface

Foundation item: National High Technology Research and Development Program of China (No. 2008AA02Z212)
*Corresponding author: Tel: 86-510-85129312; E-mail: zhangwg168@126.com

Received: May 14, 2015; Accepted: June 26, 2015; Published online (www.cnki.net): July 10, 2015

HEWH: EZK 863 iHK/5i H(No. 2008AA027212)
*@BIEE: Tel: 86-510-85129312; E-mail: zhangwgl68@126.com

Yk HHER: 2015-05-14; #EZ HHER: 2015-06-26; HLsE#i= kR H #(www.cnkinet): 2015-07-10



FEUIAE: W RS E TR R T LRI SRR e 361

methodology. [Results] After several rounds of screening, a strain was selected resistant to 15 g/L
L-homoarginine and 0.7 g/L 8-azaguaine, and designated as C. glutamicum ARG 3-16 (L-HA', 8-AZ',
SG', L-His"). L-arginine production of ARG 3-16 was 49.79% higher than that of the original strain.
Beyond the higher production of L-arginine production, ARG 3-16 accumulated fewer by-products than
the original strain, especially the accumulations of L-proline, L-glutamate and L-valine. Under the
optimal conditions, the yield of L-arginine reached 39.72+0.75 g/L, 10.49% higher than before
optimization. [Conclusion] We successfully bred a high-yielding L-arginine producing strain by ARTP
breeding system, and optimized fermentation conditions by response surface methodology, the results
suggested that ARG 3-16 was a promising L-arginine producing strain.

Keywords: L-arginine, Atmospheric and room temperature plasma (ARTP), Breeding, C. glutamicum,

Response surface methodology
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BIRVE A IIRENE R IERRAL O L BiZe . IR
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I HCA T35 P 49y J5 (9] 20 S0 D S AR ) A 5 7 T
FR U PR 3o S 7 P 708 DR 3R R A A 42 79
TRRYZAEAS, TTSE I P 7 s 77 s bk o b,
ARTP 1E TAE R JCie A CArg , Hoir
AR B BB RSN BUL G N, AR UZ A
JUHARIS, BS54, 2] DOEH R TR EDE

s, BRI SR AT ST ANR], O B
AR/, T34, W R e — A N 2%
PRI T T 22804 05 AR 205 TR
PRI RICR , R AR S 32 FH i 17 T 92 % T35
FrEEHATIAL

ARSI ERAY C. glutamicum GUIO89
(SG", L-His i#F7T RINFER BRI, @it L-
ERE AR 8- S UERS B M- AR 1 T 2 7 i —
PR LAS &l 35.95+0.48 o/L HItE, s
1 C. glutamicum ARG 3-16, Tl H & B - 22 BR 1)
R IR, FRE LA . LA L-
AR SR e A e 1 TR AL AR B AR ARG 3-16
) & TG R AL, (S LK & R Y ik
39.72+0.75 g/L, HARALHTEER T 10.49%,

1 MR5TE%
1.1 =#

L-¥5 &R r= 4 ® Corynebacterium glutamicum
GUI089 (SG', L-His"), HIASLEKZE-80 °C ¥
TR
1.2 EFEMEFRAZE

R SRS (g/L): WENE 5, FIRNE 10, BERk:
5, BEAM 10, NaCl5, FIMARYEER 8-4
B R (5 L-miAS 2B, Bifis 20, pH 7.0-7.2,
0.1 MPa ‘K& 20 min,

Ty H 3R (g/L): BT 30, Btk
(TlkZ%) 10, FKHK 20, JRE 1.5, KH,PO4 (Tolk
%) 1, MgSO47H,0 0.5, L-ZHEIR 1.0x107, kR
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$530, pH 7.0-7.2, 0.1 MPa K 20 min, 30 mL
Fh PRI HE T 250 mL =fAirh, SER ISR,
30 °C. 90 r/min }%3% 16-18 h,

RIEREFHE(g/L): WEBE(E M) 150, Bl
Br(TAEE) 60, F KW 20, JRE 2, KH,PO, (Tl
%) 1, MgSO47H,0 0.5, L-4H& /R 5.0x107%, =4
% 8.0x107°, WRIR%S 40, pH 7.0-7.2, 90 kPa K[
10 min, 3 mL Fp 721350 30 mL Al IR
) 500 mL FYFEH 1, 30 °C. 100 r/min & B 96 h.,
1.3 BEEEREBFRFLTHZ

FHEIRY R 5 R 4 B AR Y578 R S5 (ARTP)
At B RA Y RHCA R A A 55 R RIS
TF R (R BT TRAE  SE PR A R 528 (3% o ARTP 1
AR 1 Rt B e AR R R R R
K41, SR O A B IOK B ODse TR RE 3
0.5-0.6. HU 10-20 pL BRI B TE A
Wk b, REHEEEREEFEREYHBERS
AOPEIE ] ARBERE A 245 1 mL TR AR R

Dilute culture by
sterilized normal saline
(OD,=0.5-0.6)

Bacterial culture

Cultivation of eluate
on soild agar plates

Fermentation of mutant
strains by shake flasks

E1 RaBRERTERE

15 puL of culture on
sterilized plates

100 pL of broth coated

KT, SRIEHRERNE M58, BRI
SRR, 30 °C 5557 48 ho ARTP 5284514
ST 100 W, AAFIEEES 2 mm, HAE
10 SLM (Standard liters per minute), AbHHE K
ZFR(15-45 °C), ALFETE 20-140 s,

1.4 DA E

141 BERRENE: WARRME 26 £, WE
562 nm Ab A IGEAAE

142 HIEERITE: BIR(%)=100xCh AL IE H
B—F5AR 2 3 TRE0) % IR AR

1.4.3 BFEENE: B AR E (9 000%g, 2 min)
B bR Es MR, SRIGTRRE 100 fiF, SEYfRIR
I3 AT SBA-40E (ILIZRA BEBe A= I FE il & o
144 L-FERERMMNE: (1) U2HnE". e
LW @R &, BIFFM 77% OB = =
100:1, JEHTE FSR ARG Rt . AR i ) 2 F mT
DI L-KS =R APV IR 4] 0 i 1k
LA 2R = )™ bk

Mutagenizing by plasma
(Gas: helium; Power: 100 W;
Treatment time: 120 s)

EJN = UUU®

[——N—

Washed with 1 mL of

on selective plates sterilized normal saline

EREETHREMFEILRE

Figure 1 Protocols of the ARTP platform for the mutation of C. glutamicum
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(2) BB, S R LAY
i

(3) &M A S REER AL it
UEFIFR RIS = SO AR B Agilent 1100 4347l
GIEIR i o AT AR - i . Hypersil ODS-Cis,
45 mmx125 mm; ¥ 40 °C; PEAERRL. 1 uL;
Tk . 1.0 mL/min; K25 : EERMES Ex 340 nm,
Em 450 nm; PR A: 20 mmol/L ZFREN, LEik
B: 20 mmol/L ZREN: I ZHE=1:2:2 (EF L),

2 HR545H
2.1 ARTP FITE £k 89N ZE

O AR B TR AR5 1 DNA i
AR IERARA, HATH R R s RiA AR
B T B R s 4 A
EYIRER,

FeMB )54k 1.3 %} C. glutamicum GUI089 (SG',
L-His )#47 ARTP %742, LANENZER, W@
LA 20 R 7™ A T R B00E 3 itf 2 o AR s 22 i 10 4
i 120 MBI R KL N 90%H PR A I 58
AR e WA 2 Fis, Y RRETIREA 120 s 1), C.
glutamicum [HEFLHRIEE] 92.80% . 24 R G A [R] E 1
140 s B, JLP&A R TR, HILifiE C
glutamicum FAERTFEAERTE] A 120 s,
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Lethality rate (%)
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2 AEBRBKITER ARTP BIEE ik
Figure 2 Lethality rate of C. glutamicum by ARTP

2.2 ETE C. glutamicum ARG 3-16 k%R
¥ RIFERRE IR

Zod— RIVFAE K, IZAGH] Pk LK
MR @ C. glutamicum ARG 3-16, ARG 3-16 5€ 1]
EHIGRE 3 FrR. 8- L HER 2 B B il bk
MUYy, (eI 8-S ARG T L 4
PRI RAE R LS AR LR 2RI 4512
), e L-EoE 2RI B RT3 e i A 2
PRI S, FRERE PR G BERERE TN Y B st
HE, e e LR E IR ™ . Wk 1 P,
C. glutamicum ARG 3-16 ) LAERARIY = &ikE]
35.95+£0.48 g/L, I RKFEMIES T 49.79%, L-A%
TR EFEI BT 024 gg. TiHb, KB
MR 2RI & i B D, R LR . Ll
PRAN L-25E R . WA, C. glutamicum ARG 3-16 HY
TR A 1 3 A 28 8 AR P 36 L R TR PR B T 4
(R 1.

SCHR[21-22]46 Hh 52 0 B Y RS IR AR S 2 A%
g el fE 2 M BRI AR TE IR . N T B4
C. glutamicum ARG 3-16 Bt fae e, Xkt
11 7T AL B, SR INIE 4 P 452R3R]
C. glutamicum ARG 3-16 H AT 8= BB AL Fa o M

Original strain L-arginine (g/L)

Corynebacterium glutamicum GUIO89 24.0
0.3 g/L 8-Azaguanine

Corynebacterium glutamicum ARG3-5 (8-AG") 27.34

0.5 g/L 8-Azaguanine
10 g/L L-homoarginine

Corynebacterium glutamicum ARG3-10 (L-HA", 8-AG") 30.82

0.7 g/L 8-Azaguanine
15 g/L L-homoarginine

Corynebacterium glutamicum ARG 3-16 (L-HA', 8-AG") 3595

3 C. glutamicum ARG 3-16 E £ B IL H
Figure 3  The directional breeding pedigree of C.
glutamicum ARG 3-16
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£ 1 Corynebacterium glutamicum HIiZE R IR EES

Table 1 Genetic marker and fermentation parameter of Corynebacterium glutamicum strains

R IEHZ Amino acids

[E3 BAERRC Dry cell Residul sugar
Strains Genetic marker Arg Gl Pro Lys Ala Val weight (g/L) (g/L)
Original strain SG', L-His 24.00 0.96 1.88 1.79 4.08 4.13 10.53 18
ARG 3-16 L-HA', 8-AG', SG", L-His 35.95 0.25 0.75 1.24 2.21 2.18 12.32 0

Note: L-HA: L-homoargininie; L-AG: 8-Azaguanine; SG: Sulfaguanidine; ": Resistance strain; : Auxotrophic strain.

36-— —I—_I_—I—_I__I__I_—I—_I_

341

32+

L-arginine (g/L)

30+

28 " 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
GO Gl G2 G3 G4 G5 G6 @G7
Genrtation times

B4 ZRITH ARG 3-16 BRI EE
Figure 4 L-arginine producing stability of the mutant
ARG 3-16 during generations

2.3 M ESEML LSRR ABESRE

2.3.1 Plackett-Burman &t % 58500 E R A
RE: M AR & I T 2002 HEr Ak sy 2444
INT TS8R R, 1 HAEAR 25
BT EEMSCR ., EREELE AR L, A
N=12 #Y Plackett-Burman & i1X} L-¥5 208 & B 5557
FE 7 ANREREXS LKA ) B A T
8¢, SR RA R WA 2 T3 3.

JH Design Expert A E I #4740 2], If:
AT 22500, AATa R LR 4, 3R 4 AT FERL
N PA{E} 0.019 7, FEHH Plackett-Burman R 561511
PRI 2 70 I e B 7K1 0 B 6 LG 2R ™ 1 Y 5%
Wi R, [IReE BB R N 0.947 7, UL
B, IR, SiAh, RIS R R A IR |

2 HEEZKFRYEE

Table 2 The choice of experimental factor level

L 55 7KF- Levels
Code Factor 1 1
X ikl 120 180
X TRk 40 80
X FORIK 10 30
X, JRZE 1 3
be KH,PO,4 0 1.5
X MgS0,47H,0 0.2 0.8
X; HEYHE 4.0x10°° 1.2x107*

HIAPERIRE 3 DNRER R 252w K E (& 4), il
Z o S A L VAT T e O e 72 2SS RIS b= )
AT R A SRR P B PR 2R e ) e AR 2%
4 Tk 20 g/L, KH,PO, 0.75 g/L, MgSO,47H,0
0.5 g/L, ‘E¥% 8.0x10° g/L,

232 BRFEMEIRIRGE: MBENCHXE 2R T e i
F PR 2 ) U I o0 A DL R LR R
77, (NH4)2SO04 HAHEFIRRIX 3 MHRERERYAE
7 AR AR T A R I 5. R 5 )
DIEH, 3 AR R e S8 4 Al
BRI, DRI A DASE 4 2H A0 /K SP1E Sh i 1o T 36 A
Hoe s, BN ZRE 145 g/L, BRFR%K 55 g/L, JRE
2¢g/L.

2.3.3 MM ES AR : AL Design Expert,
#F Box-Behnken [ H .08 AT FEE, X
(NH4)>SO4  F A AR R IX 3 At 25 520 R 2 AR
3R 3K ma i TR g . B et S g R W
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& 3 N=12 B Plackett-Burman i 3% 1%+ 5 N &

Table 3 Design matrix and response results of Plackett-Burman design as N=12

w5 0®  ® @ m | =m & e
1 1 -1 1 1 1 -1 -1 31.15
2 1 1 -1 1 1 1 -1 34.85
3 1 1 -1 -1 -1 1 -1 30.45
4 -1 -1 -1 1 -1 1 1 24.35
5 -1 1 -1 1 1 -1 1 30.93
6 1 -1 -1 -1 1 -1 1 27.22
7 1 -1 1 1 -1 1 1 30.06
8 -1 -1 1 -1 1 1 -1 23.86
9 -1 1 1 1 -1 -1 -1 32.26
10 1 1 1 -1 -1 -1 1 36.05
11 -1 1 1 -1 1 1 1 29.88
12 -1 -1 -1 -1 -1 -1 -1 14.76

R4 EEFEBBTEDN

Table4 ANOVA for selected factorial model and analysis of experimental variables

£ SEJ7 A H H ¥52 FAH PMA B
Factor Sum of squares Degrees of freedom Mean square F value P value Significant
%] Model 341.63 7 48.800 10.350 0.019 7
Hi%% Glucose 94.87 1 94.870 20.120 0.0109 2
TAER%% Ammonium sulfate 154.23 1 154.230 32.710 0.004 6 1
K Corn steep liquor 35.71 1 35.710 7.570 0.051 3
JR#E Urea 38.09 1 38.090 8.080 0.046 7 3
KH,PO, 8.27 1 8.270 1.750 0.256 0
MgSO047H,0 0.097 1 0.097 0.021 0.892 8
EW)FE Biotin 10.38 1 10.380 2.200 0.2120
5% Residual 18.86 4 4710
BE Cor total 360.49 11

R=0.947 7, Adj R* (H1#%)=0.856 1, {ZW:1=7.53%
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Table 5 Design and results of the steepest ascent experiments

B17)7 ikl TRk JRE LA 2R
Run Glucose (g/L) Ammonium sulfate (g/L) Urea (g/L) L-arginine (g/L)
1 130 40 0.5 28.96
2 135 45 1.0 36.54
3 140 50 1.5 38.12
4 145 55 2.0 39.47
5 150 60 25 38.44
6 155 65 3.0 36.88
7 160 70 35 30.08
8 165 75 4.0 21.28
oMK 7, W T 17 A%, 45 5 b %7 Box-Behnkne it it 4 ®
HEEIRK, Table 7 Box-Behnkne design and results
F| ] Design Expert #0455 3% 7 i85 e 11 % S LAEER
TG, 155 LK B AR . Bt R PO Lamne predod
FURER 3 AR R Z IR 77 1 » » . 05 0l
Y=39.58+0.754+2.01B+0.94C+0.214B+0.22AC+
0.40BC-2.114>-2.918-3.25C"., 2 0 S
[ U1 5 R 1K I 25 43 W7 SR £ 58 3 A A 40 : oo o Be 3B
RILER 8, M 8 MBI AT LU, 15 fr ik HI 4 ! -l 0 33.68 SERLS
TR TR 2 (P<0.000 1), UAHIREE kRl 5 0 -1 -1 30.44 30.88
SEM; RIS AR 1 3 (P=0.061 0>0.05), i 6 =l 0 -1 33.16 32.76
AR 0 R 2R e A 25 R T/ s Horee Rk 7 0 1 1 37.21 36.77
R*=0.998 0, J&#&eiE ZE R*=0.972 5, Vil k% 8 1 0 1 35.73 36.13
TSRS R 3T, IRERDN, nIEES, % 9 -1 1 0 35.02 35.61
BRI ] DI LK 2R 1) & B R 380 T4 10 0 il 1 31.76 31.95
11 -1 0 1 3435 34.19
% 6 Box-Behnkne i35 F &=k F
Table 6 Levels of Box-Behnkne experiments 12 1 1 0 37.48 37.52
H% o JKF Levels 13 0 0 0 39.48 39.58
Factor Code —_ = o 14 0 0 0 39.92 39.58
H%EHE Glucose A 135 145 155 15 0 0 0 39.78 39.58
MR%E Ammonium sulfate B 45 55 65 16 0 0 0 39.16 39.58
JRZE Urea c 1 2 3 17 0 0 0 39.56 39.58
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*8 [EVFARMAESHTRAHEZHRE
Table 8 ANOVA analysis and coefficients significant test for regression equation
B S/ F-J5 0 FI 1 E ¥ir F{8 P{H
Source Sum of squares Degrees of freedom Mean square F value P value
A Model 154.66 9 17.18 63.96 <0.0001
A 4.44 1 4.44 16.53 0.004 8
B 32.24 1 32.24 119.99 <0.000 1
C 7.07 1 7.07 26.31 0.001 4
AB 0.17 1 0.17 0.64 0.449 7
AC 0.20 1 0.20 0.74 0.419 0
BC 0.65 1 0.65 2.41 0.164 4
A 18.75 1 18.75 69.79 <0.000 1
B’ 35.66 1 35.66 132.73 <0.000 1
len 44.34 1 44.34 165.04 <0.000 1
52 Residual 1.88 7 0.27
AU Lack of fit 1.53 3 0.51 5.81 0.061 0
4fiixz= Pure error 0.35 4 0.088
JE Cor total 156.54 16

R*=0.988 0, AdjR* (J#£)=0.972 5, f5lEH=1.45%

A1) 77 AR K — YR I B % L-Ks @ BRI 7 B A W
ERW, BAN, TR AT, BRI CCX LR ERRAY
FE A W R U A R0 PR e e R A
AEAXT R 2%, ANRFRMEMELR, 4. B fl C
X3 ANREXS LKE 2R ™ fE i 52 M AR 2
B>C>A, XN G LASERTHEELZA N R
Tro DRELIRIZR 2 [R] A i S0 1T 1] LA 6] o7 118) 55 e £ R
WE 5 B R AR R %, s )
KR IREL Ny . AR 155 g/L, HFREL 58.94 g/L,
JRZE 220 g/L, L-K5% W2 38.77 g/L.

2.3.4 IEIFRIE: £ Design Exper #4315 2 i
FER BRI N A 155 o/L, Hild%k 58.94 g/L,
JRZ 220 g/L. R T SubR AU ERf e, # itk
R FRFERL I AT, IR as R B LA &R
7=t 39.72+0.75 ¢/L, SENSHINERT . IbAh
R PFRIE SN 0, L-KSE R0 # A s 155
KE]0.26 g/g. T H L-KS& BRI ™ & LU

T 10.49%, MER SO E LAS IR &
T 5 27 3L B A 350k o
3 Wi

AR 56 B 9T IE B R = R A B AR A Wi
RGN A R AE C. glutamicum , PAF—k
L- ¥ AR & /" Wik C. glutamicum ARG 3-16
(L-HA", 8-AZ", SG', L-His"), LAF&AMRM ik
) 35.95+0.48 g/, HIAAEFIHER T 49.79%. ILAb,
Z5 3 A A 1) 5 A48 TR ok 2 T 1 AR 2 A P I b
%, 92 LR . L-B 2R L-Em ., mil
ROt R, SR RS0 kS &R & = 1
¥k C. glutamicum ARG 3-16 R & iR fEfa e
P AT F B LAS R R R AR, 15
B R BT TR AL BT b IS 155 g/L, BilfR%k
58.94 g/L, JRE 2.20 g/L, ZIABBILE, LAGE
W2 7= & 39.7240.75 g/L, WAL ET4R & T
10.49%.,
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L-arginine (g/L)

L-arginine (g/L)
w
>

3.00

2.50
2.00

C: Urea (g/L)

El5 HEHE. MEREMREZEEMW L-FRER™

3

W

P
3
g3
E
¥
=

w

155 0
150.0
145 0

1.00 135 0 A Glucose (g/L)
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B: Ammonium sulfate (g/L)

£ B4 M [ T &

Figure 5 Response surface plots for the interactive effects of glucose, ammonium sulfate and urea on
the L-arginine production

Note: A: Glucose; B: Ammonium sulfate; C: Urea.

FHAT T LAGZMRA ™ R AE 60 g/L Zify, Hisl

PRI A R, BT A FRP AL, Rk

B —HRPA A RV LR R ik
HABER LM, BIRTHEYE Park %A
FACH TR T B 2 L BEALAE 2R C
glutamicum ATCC 21831 (71 k 17.0 g/L), it
WRIE LAGRRRAY G BURAR Y 5L PR =2
R RN | TR AT LA R S B A 1
RATE 1500 L A M R AR LR
FRIM = ik E] 92.5 g/L, LKz RXTEIZBEIFR
N 0.35 glg. EINFE R IEAE 2R RE R A
TR TFBRiE Corynebacterium crenatum SYPA

argR,

5-5, |4

5 L RN LR BEAL LR R R 1= 5
ik%145.9 g/, LABZRRRT I3 5355] 0.31 g/g.
TRSER AT F Brdas i i e A B B R R
WA (0 ok 25 2 B R T S 80t AR, i ELAE
FPUAERBEBEIE T, TR 2R pa A R
e, 255 v T RI5 YRS AR NS
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