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Abstract: e-—poly—L-lysine (¢-PL) is a natural clu
homo-polymer of microbial origin, consisting of GeP———>RUSP
X5P  R5P
25~35 L-lysine monomers, which is mainly 6-PL production/gL) P
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produced by aerobic microbial fermentation and T
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secreted to extracellular accumulation. Due to its 7 \\ HK e
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wide antimicrobial spectrum and high safety, e-PL / / \ [ | ke e
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has been successfully used as a food preservative. N\ el )
. . . YPIXI(glg) Carbon consumption/(g/L) E G
Besides, as a safe and green biopolymer, it has also . \.\ }\
—®— FMME-545R 15
been extensively applied in biomedical, chemical, pewien FUME SR | MK A < TGRSR e
. Comparison of parameters between different strains Hse<— Asa
and many other fields. Unfortunately, the efficient Lo e Sld
Thr
microbial production of e&-PL has reached a o Glu

s-PL metabolic pathway

bottleneck owing to the limitations of low

productivity, long fermentation period and unstable fermentation process, which can not satisfy the demand of
industrialized production and brought obstacles to its popularity. To tackle these issues, S. albulus FMME-545RX
with high tolerance to rifamycin was firstly screened and obtained by atmospheric and room temperature plasmas
(ARTP) mutagenesis combined with ribosomal engineering, which could produce 2.44 g/L of e-PL, with an increase
of 105% in comparison with that of the parent strain S. albulus FMME-545. Then, a series of fermentation
optimization strategies, including carbon sources regulation, pH control and dissolved oxygen (DO) regulation, were
employed in increasing the production of eé—=PL. The final results demonstrated that the mixed carbon source of
glucose and sucrose fermentation was helpful to improve the metabolic intensity of bacteria; the addition of sodium
citrate in the fermentation process can effectively improve the ability of the bacteria to resist the acidic environment;
the optimum pH and DO values for product synthesis were 3.80 and 30%, respectively. Finally, under the controlled
fed—-batch fermentation, the production, productivity, and dry cell weight (DCW) of e-PL reached up to 53.0 g/L,
6.63 g/(L+d), and 0.88 g/g, respectively, which were 130%, 131%, and 118% higher than those of the parent strain S.
albulus FMME-545. Taken together, this study shows great potential for industrial production of e-PL and the
strategies described here also pave the way to the production of other value—added chemicals.
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LT RFEEMBIEE S HARERE SRNE, 175 L8 214122
2. ML RFEERE ML EBASNE, 119 T8 214122

B E: o BMEM(s-PL)Z H125~35 D LR AR AL R — R RIR R G, fEfrhn. RS REGEGURA TR R R HTE
J1e HET, AEYEEF e-PLAFEA P SRR, KRR, TEAREFHE. A, AHFTTLLS albulus FMME-545 4t
KRR, IR R B T A (ARTP) S5 & MR TREE H 1 — MR A AR S R HUIE R &)™ WAk S.albulus FMME-545RX,
He-PL/"EILH|2.44 g/L, HECT HABEKIRTE 1 105%. N 73— DIt e RBARMN &, 15 LB @ bkt
175 2O BRI R 2 SRS . pH R D595, DOZ BT 3#EAT T R GEHIBT L. S5 KR W], SR 40 — R OB R 42 S A B
TR AR E s R A IR b ISR R BN BE A O Bl ARSI RR R A8 s 7 B 7 ) B 3 pH B DO B 73 530

3.80 f130%. 3192 WKLk EI KB, e-PL [ &, A7 3R . BAL4000 A RRE

Iy HILE] T 53.0 g/L, 6.63 g/(L-d), 0.88 g/

g, M TR ER LR T 130%, 131%, 118%. iAW 74 A e- R E IR LA AE =S4 T H s s 4
KEER: —RHMER; OOBEREW; WA TH; ARTPIFED; REM

HESES: TQ922.3 XHEERIRAED: A

1 ® =
Bt 5 1A 25 7E 7 ANl Al 1 78 5 ) e 3R
[E N\ P R 8 i T A KR, R E 2

ST 22 Aok 1 BRI, H AT 25 SR Pt
RIS . T -5 % BR (e —poly-L-lysine, e-
PLYYE A s 2 e M) iS5t IR AT A2 AR R
A RARE i A KA 4 B E T v BB 1 e R
E X7 SR R N = N (T T (B R S N VAR
U R EAE A e- R TR I 3 Z A AR,
{HAE K B 1 TP A A K B R I P AR T2 AR
BB, 3 BULAE T AL I R A3 = o
WAL GF AL T BUEE S-2- 8 L H-L-F A
FR (AEC) A H 2 BR B itk i B ik, 2 % FH B = R Rk &
F-Bo Wi Hiraki EY@E S L7 EEE T —E - Bk,
e-PL R F= RIA ) T 2.1 g/L, #HE T H R H R IE =
T 20 £ o ARG T AR AR B R R S RAR AT A
B Hm B m A RS . AR R E
T P AR AE B0 25 o 0] R, AZ B AR AR & By — Mo B
B A7 AR H . R B R, IR )
ERE R W 2 1 E R AERKPES X —dEN B R
R, 171 5 5 DU 5 2 ppGpp A2 fith i A= B 7344 1) B2 2245 5 1A
F, HEEZ RNA REBE IS . 7o RS 40 i
W A RO B R A A, S AR TS A
AT 3o DRI AZ R A TR 2 Ji ok s FH A FH AL R FE AR

XEHRS: 1009-606X(2022)03-0347-10

HX A

BURNA R GG BRI 52 m 3 A R i 24 7 3 B0
RAETRAR , T = R AR = i = 2. EEldE
A TRIEE T — A ARER, RKERAFIE
52 WU B b Streptomyces albus GS—114, 15 K 1% 192
h )5 e-PL /714 56.3 g/L. BRILZ A6, A ORI 57 32 2L
AR HE KRR 5 AU TR s . 1] 46557
e—PL % ik A% o AN 1) IR B 5245 A0 00 75 2R, 7 2 IR
2R JE 35 i E 2.5~10 g/L, e & AN R T ) 18] 4 56N
168 h, = T AHFE & T 90%, 15 F1] 38.7 /L s Xu Ml i X}
& Pk S albulus PD-1 FE K 40 & 1) 8% s B A 5L K ameB
BT I R IE MR T WAk S.albulus PD-4. 1E K % 168
hJfa /o814 35.7 g/L, PR 05 17 57.3%.

AR I B A TREIEE 7 EHFE
T R DU Bk FMME-545RX , 7E S At b o6 Ho A K
T BRI AN pHAE I A 58 S5 AT AL KA 51 e-PL
(A = RE , IRAE 500 L R Bl b b 47 il A= 7= o A0
Ft9 e-PL TVAG A = BE5E [ BLAill, 1 9 HoAth ™ b i A
PR T A M.
2.1 M5
2.1.1 Witk

S. albulus FMME-545 2~ 5256 = {R 58 1) e—PL 4 7
Bk 3 S. albulus FMME-545RX N8 5 2 it 5848 bk,
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PRS- T AR LH =
2.1.2 35

e=PL b5 it (>95% Sigma A ) , i 4 #E (>97% 111 7R
VO E AR R A D), B BERY | 8 F1 R (Oxoid 2 7)),
T I A, B L B IR — SV VIR B LK B R R B L Bk
B IIREE LKA BRER Bk (5 4k, [ 254 B4 537
AR AT,
2.1.3 Bigpdk

] A 3 TR B (DURR N 15 97 45, g/L) - Hi AT B 10.0, 2R
J#: 2.0, BERERS 1.0, B4 JiE 2.0, pH=7.5.

FhFRE IR IEM3G K5 773, o/L) : H &1 HE 50.0, B BEE
5.0, (NH,),S0, 10.0, KH,PO, 1.36, K,HPO, 0.8, MgSO,*
7H,0 0.5,ZnS0,*7H,0 0.04, FeSO,*7H,0 0.03,pH=6.8 .

IR W 5 % ik (R 2 W R — B VR 5 R 2k, @/L) - T 6
60.0, 4+ W & 13.0, (NH,),S0O, 5.0, KH,PO, 4.0, K,HPO,
4.0, MgS0,*7H,0 2.0, ZnSO,*7H,0 0.03, FeSO,*7H,0
0.05,pH=6.8. FrAEFRIEIFE 115°C R K 15 min.

R IR B (RE M L — IR RS R 5L, @/L) : ERE 60.0,
4= A 13.0, (NH,),SO, 5.0, KH,PO, 4.0, K,HPO, 4.0,
MgS0,*7H,0 2.0, ZnSO,*7H,0 0.03, FeSO,*7H,0 0.05,
pH=6.8. FTHR:FREIILE 115°C N KB 15 min.

R 5 7 (R 6T 0 — R W XU 55 77 4 , g/L) - i )
B 42.0, B 18.0, 4+ & 13.0, (NH,),SO, 5.0, KH,PO,
4.0, K,HPO, 4.0, MgSO,*7H,0 2.0, ZnSO,*7H,0 0.03,
FeSO,*7H,0 0.05,pH=6.8. i fi k7= 7E115C K
15 min.
22 EWRESIILE

ARTP-3 % JE = iR 55 5 PR B A M GE R K #
o5 N B ARB FE e A B Fhrpd) , BIOTECH-5BG Y
5 L& i R B R RS TREA R
23], FMG-500 L 4= [H 2 # 20Uk Bl (i [ 5 A2 4L
X% IR A A1), pH H % HF405-DPA-SC-S8/225 Fl ¥
480 FEL B InPro6860i/12/220 (Ffi - M5 3 2 &), UVmini—
1240 7366 BETH(H AR B A A A, M=100 A=) 4% s 45
T ACCERINT A 7K BB A PR A A,
2.3 WA
2.3.1 A, B3R

BRI 1) S < K TR AR A —-80°C 1 DK A Hh R
B N-20CUKAH , G N-4°C, G e N 4 CUKFR
HAT B AR IR G PR R 75 o N AR VR I I B AR IR AT 7E
] A4 ~F A b, 7E 30°C B 55 FR A R 7~8 K, PR b
K7 e i AR SR A e N ok ER 8 EY
A I E W I 5, 1 MR B IR B LE 10° efu/
mL. U175 BRGNS 51 B 30% H 4% i &

EE 101 A J5 T —-80°C UK FE

T/ NI B R FE (ML) 2 = K 3 A1 BV V0G4 1)
MR J 38 S IR AT AE R AR B B U AR b, 72 30°C 8%
FR3~5 R, B RMEHARN ARG . 4P EE R
(zNa RSPV E IR A o7 AN I SE IS SOREAT I
1) fe /AR JEE

ARTP F#48  FE T B 45 /F T, B 10 WL FRE T 1 1t
TBIR L ¥ ST T &g s &, LR SHE 8 TE
A, BB AR 120 W, BB B 2 mm, SAATL =N
10 L/min, 545K} 8] 24 0, 30, 60, 90, 120, 150, 180 s. ¥
FEAR SE B TN G TE W K B EP & 1, HR35 B8 5 9
HEAT I 24 B MR S5 39 50U AT AE DURF N [ A~ AR b 15 7% 7
KRB LHIBOLE.

TR R R P 7 32 < 5 70 A 3 I ) A PR R AT O 4
8 i 1) BRI 1) B AV R, K L STIR AR AE S, 10,
15, 20, 30, 60 15 ) ) A 85 2= d5c /N0 BRI B B 14~ AR L
30°C FHEEFR 7~8 Ko BRHUAEK RIFME 78 2 H
FLWE PR bRE R 3~5 K, it 5 R B bR L Pk % BH
el B K 1) R R 2R AT 24 LRI 07 , 55 9% SR A A3 1.5
mL, 30°C, 750 t/min 55 9% 3 K. K= & 0 5 T+ 1 B AR
BEAT BRI 0% , BRI 77 2444 8 30°C, 200 r/min 35 7% 3
Ko ME e-PL &, 1% H == Ak -

PRI ES 7% - 218 10%~12% (v/v) B 32 Rl o 1% 35 Wk
LR T 3646 100 mL & B 85 77 2 1) 500 mL =M,
30°C,200 r/min £5 7% 72 h, &b 12 h SUREI pH- i J5 &
B TEAE,

S LR BEGE D HLAN R R B - B IR B AR 25 MR 3 L,
Tl 71 3% 10%~12% 4R &, 45 Fh 22 36 R e 35 7 4k
(15 LR B idb AT 55 97 , RKIPEIR FE 542 30°C , WIdh %
TH A 200 r/min , 5 EA% B TE 30%, 38 K L 4EFRTE 0.5~2.5
vvm; 75 KIS 2 A4 pH T B4 21 4.0 B @ i 3t n &Kk
pH ZEHFTE 3.80 /i A5 s X AR BV H B FRIVR FEAR T 10 /L
IF 3B AT N 1000 /L P 5] 260 15 — 8 W B VA5 B 05t A 4
FRAE 10 g/L; HI5 IR 2P @ B AR T 0.5 o/L I il il it
BI1500 g/L P R e A 2l S50k P 4E RF #E 0.5~0.8 /L.
232 ik

Bl 2 5 1M 58 - A8 BC 4G 7 22 3 6 A D 4% (RID)
A1 Aminex HPX-87H (300x7.8 mm) 1) = 250 7 AH €6 3% 1%
(HPLC) 3 47 4 & & 2 #7 . ¥ ) #1 & CH,CN/H,0=75/
25, PE N 1 mL/mine R AR U 28 5L 5 0l 1 78 h 25
F30°C.

SRR I 58 < B I bR NH, -NIRE . ¥
A :35 /LKW, 0.2 /L AN IS B F AL IF W B: 18 g/
LNaOH,0.04 mol/L X BN . ¥ LA b5 e B 47 J5 ik
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N4 CUKFRGRAT o AR IS 486 B 2 Ja U 1 mL, IR
IS mLEW A RIS mLIEH B, IR G558 T37C
JKIE R 2 B30 min, 7F 625 nm I E WG R P8 b v Hh
Bt HHIKE .

B AT (DCW) I : L 10 mL & B3 » 8000 r/min
B9 10 min, 3125 FIGWEHICHE KB UE RO 2 0 Hig
R P T AR ON B R B PR A R I 4RI DE , 100°C it
WL Z R E , SR H AT

e—PL & S D : R FH BRI e v, BUR VR 10
mL 34T 8000 r/min 55> 10 min, B I 75 F B R 22 vh ik
(0.7 mmol/L)#i F% , i e~PL ¥ £ 7£ 0.075~0.135 g/L. H
2 mL FIH B R 5 45 R AR S 0% 7 R (1 mmol/L) R 3% 7R
A1, BT 30°C N A 200 t/min (38 PR HF SO 30 min,
SR J5 10000 r/min &5 0> 10 min, ¥ 0.5 mL _E & W A %
10 mL A2, SRR gt i e R GTR S . TR
SRR %, 7E 465 nm AL 5E OD1E , b i 42 11 55
H e-PL I

DIBM S EERIEA KRR T 40 £ B T
MEEHH LG .

3 HR5E

3.1 ARTPIETIAE BB/~ E Ik

ARTP {E Ny —Fh 2 4 m s A8 5 X E R A e &
gAY O T IR R I AR A, X
87 A 1Y) PR TR YRR AT A T BT A A B
ARTP 578 B[R]0} B (AR BUAE 2 s ] 1) s o B
75 74 B TR 38 0, T AR 1R BORE R AR A R I I, & R
120 s B SHE R 458 51 88%, 1538 150 s I B bk A7 TG
EILFRE. RIS, LGB EBICEL 90% I, H
72 A T P SR IR R A e, HLTE I 7R R R B AR I [l B
PEFE /N, [R5 B8 1) B A4 S AR IR 8 3 A AR E 1, B4
P ARTP 48 KL BRI (8] 120 s

RBRW =W R = AR E WS I R,
T AZ A A T2 8 B 5] NP AE ik Sk sgmm L ik
2 AT 42 o IR AR = B 7= o T R AR 8 2 A A
TR APUER, HFZERM T RNA K&+
(1) Rif 25 A 45k, I T35 B AR 1 A2 B2 434k, H AT 2 A A b
FHBIERMETRRETRZEER" B S albulus
FMME-545 [f) B il 1 & I S IR E S A FEE R
MR b, 8595 3 KRG BRI YRR 5 2 IR e
304 pg/mL [E 1), AR EJLPRAREEEK, R
B R I AR K2 B 2 . DR e T RUAR

100 —
L @) —
80 - —
2 | /
$ 60+ ®
S L
= / A: 0 pg/mL rifamycin B: 0.1 pg/mL rifamycin C: 0.2 pg/mL rifamycin
S 40 -
D L
20 -
0 . I . I . I . I . I .
0 30 60 90 120 150 180
Time/s N I
D: 0.3 pg/mL rifamycin E: 0.4 pg/mL rifamycin F: 0.5 pg/mL rifamycin
3.0
(© .
25 |” The first ARTP The second ARTP E——
-
\\@ r e
= 20 =
S , o
S 15| - fif
S
S = (==t
S 10l
- L
“ o5
0.0
FMME-545 FMME-545R FMME-545RX

Bl AR AL S e e B AR I R

Fig.1

Establishment of mutagenesis conditions and screening of high yield strains
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RN S, albulus FMME-545 [ ¢ /NI WK B (MIC) Ky
0.4 pg/mL.

55 R T 22 ARTP 48 FiT 15 1) RAB R IR A AE Bk
AR (AR B IR FE -5, 10, 15,20 MIC) EAEK . KAk
R 1) B PR % B8 2 0 W O 0 P AR B LB AR S, albulus
FMME-545 /£ Ayt HE, AR 9533 W e 1) K/ Pkde H 300
IR AR R B R A SRS B 181 Bk 1 SR X S B ki
AT 1 24 FUBRHI AT , FL 0K 77 5 B S 14 0 %) B R AT R
S, B Jm — L Ik S8 R IE AR , IERAZ I F
32.0%. i e-PL 7 &b i ) RALHRIL 2 T 1.87 g/Lo
BZ R AT %N S, albulus FMME-545R . 3L FMME-
S45R N H R Ak  JEAT 55 48 ARTP 548 F R 0 8 i ik
JEE PRI A8 25 3. (30 1T 60 MIC)HUik bk , i it 1 72 5 56 —
# ARTP F ARk —FE . &G T —HRE =Wk s.
albulus FMME-545RX, 3% i~ 2153 T 2.44 g/L,
A R AR = T 105% B 1(c)]

NT R REZE S, albulus FMME-545RX 1 77
e—PL FJJR I, 0 A SRR B 1k RE AT VP4l . ETE S
7 THT ) 5038 £ A DA R AN J5 T = (1) T8 V& 1R 25t IR
FEAE, AN PR 5 (2) KIS AR P ) TR 22 BRI B AR B
KWL 2 AV RERNE S . ERBEMERE T TH : (1) #EH
REET2 h 5, H 77 H bk FMME-545RX [ e—PL 77 B2 1
IR, DCW & 7 25.6% [ 2(a)f1 2(b)]. (2) 75 A& 1#
b A I8 2 B v P R Ak FMME-545RX [#) pH | % 3 i
R, ERE IR EE 42 hiNF pH R BE 2 4.0, AT H R H
PRIEHT 7296 hy KEFSS R /i pHI& 2 1 3.03, 1T K
B P FMME-545 1] pH X g B8 42 3.34 [&] 2(c)], 45 R 3&
B 70 77 B Wk FMME—545RX 75 & T i7 301 B 7R 35 0 5
F B AT DA 52 50 IR P (PR8I e TR A R R I M
AR AT fE S P B AR FMME-545RX H A5 85 30 e —
PL & BE ST 1 RN 2R

3.0 20
- @ [ FMME-545 | () [ JFMME-545
~ 257 Y FMME-545RX 5 MY FMME-545RX
=) . L
= 20+ )
S . 2
‘L—,' -
2 15+ % 10 -
2 i a
o
5 10
T T Sr
0.0 : 0 .
24 48 24 48
Time/h Time/h
7
b ©
i —>— FMME-545
6 —e— FMME-545RX
5 =
I
o L
4 +
3 =
0 12 24 36 48 60 72

Time/h

B2 AT bR S R AL FMME-545RX 72 5 4 L
Fig.2 Differences comparison between the parent strain and mutant strain FMME-545RX

32 UEEAHORRIEERREEES M e-PL

R 2 B AE I 3 7 v xR0 S M) DO 40
AR B 5 HL B D TR 1) S 01 2 R R R
Bt A7 A2 D SO A E WA 5 I o R v R] DL 25 A 2 o

BRI, 3 R AT AR AR s Y. Kb B R R
FER L™ e~ MR IR I A% b AT RAIR] 2D A 22 F ik
Vo A 2 W R A e R R P B,
IR AR AT LAt — 2 /b e e e R o B 2B 7 A
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T WAE S, albulus FMME-545RX 75 F1) FH % 7% 1 -
TRE A OB IR 6 753 2009 0 1 €0 25 7 R AR U R L
SELY R TR TR T T R — TR R U A R R R I i A
RIS EZE R, 55 R 1 TR . il A8 40 0 - i A
OUBHCR TR B 10 ¥4 3 236 B R L FE PR B i
FE 2, AT DUR AT B TR D B — B R T I L
EORMINT 5.0f19.0 g/L. HKREES R BREN=
AN DCW K EUH [R], 184 F XURR 5 & B 1) e—PL 7=
BIKH2.78 g/L, AHECT LU 25 AN RERE A D B — i)
RN P BB T 14.9% F128.7%. 45 RFEH, X
A7 P 25 - BEWE AR B IR AT R BRI, BT 3 RS
[ 20 M 1 €0 8 T AR TR L Rl KRB T i A AR i e
&, e & e-PL & o

AR S R RS T 2 R — T Uk Y R e B B A
FF A S W R B e-PL. AT i#—5#E R e-PL

7R, 0 U YA S o 25 B 5 R W ) B 2R AT A0 AL
25 RN 3() TR PR T 72 h G R I, Bl I8
B 5 0% 2 1 21 30% I, e—PL 177 5 H 2.43 g/L 3¢
T+ %22.96 /L, {H B 13 BE 2 2 46 2538 N H % 100%, e-PL
P BRI URIB W 4 2 2.16 g/L. BRI E T LA &0 N
R BERRYR TR g il BRI P RURR IR 2 T S S, ] 25
SRR LA 7:3. A TP RER — i g R,
TE S LR FEGE R AT T e ARV R [ 3(b)] . WIURES
FrHk S R & B0 42.0 F1T18.0 g/L. 1E
R R 2 B IR R BEAR T 10 /L s 38 i v &

U CHR1 T 0 JRE BB =T:3) B BRI 10 L MR BE A HF 7 8~12 g/L
TER % 192 h J5 e-PL 7= & 1A £ 38.3 g/L, 5 LA & BE N
WIS BT KA L, FLP= B4 T 1 13.3%, i — B B XY
Tk SRS A F T e-PL I AE =

1 OMUWERE. B WER-ERO)ARRE RBETIET SR ER

Table 1

The difference of parameters in fermentation process with glucose, sucrose and glucose—sucrose (1:1) as carbon sources

Type of carbon source

Parameter Change, (C/A-1)x100% Change, (C/B-1)x100%
Glucose (A) Sucrose (B) Glucose—sucrose (C)
Final pH 3.12+0.03 3.29+0.04 3.04+0.03 -2.6% ~7.6%
NH, -N consumption/(g/L) 1.21+0.02 1.18+0.01 1.36+0.02 12.4% 15.3%
Maximum dry cell weight/(g/L) 15.8+0.3 15.7+0.4 16.3+0.3 3.2% 3.8%
Carbon consumption/(g/L) 32.0£1.2 28.0£1.5 37.0+0.7 15.6% 32.1%
&-PL production/(g/L) 2.42+0.02 2.16+0.03 2.78+0.03 14.9% 28.7%
Carbon consumption rate/[g/(L+h)] 0.44+0.02 0.38+0.03 0.51+0.01 15.9% 34.2%
&—PL productivity/[g/(L*d)] 0.81+0.01 0.72+0.01 0.93+0.01 14.8% 29.2%
Yield of e-PL on DCW/(g/g) 0.15+0.01 0.14+0.02 0.17+0.02 13.3% 21.4%
35 7 -
@ [ Jeah 7480 N 72h w0l ®
30
) : 8 g —
2 25§ s \ E
= . &l > 30
c L % \\_/
=] N =
‘g‘ 2.0 2
3 s g L
2 15 B 20
.| B o
5 10 5 —=— Glucose
w 10 [
& —&— Sucrose
0.5 —e— Glucose—sucrose
0.0 LEALL AN, 1 AN, o1 -+ o0
0:10 1:9 2:8 3:7 46 55 6:4 7:3 8:2 9:1 10:0 0 24 48 72 96 120 144 168 192

Carbon source ratio (glucose:sucrose)

Time/h

KI3 XUk e i DAk 5 Benie

Fig.3 Optimization and verification of double carbon source ratio

33 5 LARBEREPERMMURES - RERR~8
3.3.1 pH FZ il SR 1 B AR A K s

pH A& 1% e-PL & R M e R B 2, H A A W 72
T LMt th 32 B A pH R £ B2 R R A

R 4(a)] AT LA HY S £5 K IE 24~72 h 391 18] 1
FEINZENG . (LRI 72 h A AR R ERGE K [ IR B
PR R Ao DRI A 24~72 hIX—Fir Bt
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Fig.4 The division of e~PL production stage and the effect of sodium citrate on fermentation process
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Table 2  Effects of pH values on microorganism growth and
product synthesis

Parameter pH=4.0  pH=3.9 pH=3.8  pH=3.7
NH,"-N consumption/(g/L)  17.2+0.3  16.8£0.3 15302 9.4+0.4
Maximum dry cell weight
2+1.4 3+l L0+£1. 1.2+1.
(DCW)/(e/L) 60 59.3£1.0 58.0+1.3 5 5
Carbon consumption/(g/L) 418.2+£3.1 413.1£3.5 416.3+£2.8 294.1+2.1
&-PL production/(g/L) 41.8+0.7 44.9+1.1 483+0.8 353+1.3
Carbon consumption rate/ ) 1o, 04 5 151006 2.0740.04 1.53+0.03
[&/(Leh)]
&-PL productivity/[g/(L+d)] 5.23£0.04 5.61£0.06 6.04+0.08 4.41+0.04
Yield of e=PL on DCW/(g/g) 0.69+0.01 0.76+0.02 0.83+0.02 0.69+0.01

3.3.2 Vi SR IR S NS T TR R A K IR 5
TEREEIS R BR T pH A AL, S R4 AR K Hb
SN e~PL (& Y. By e-PL B4 77 & — A Ak fg
(e, 78 K I A2 75 b 25 78 R AU (R A
AT AT PE A (ROS) 2 0 41 . R b 75 4
i 3ot R ) VR 4 SR AT AR A A AR B R AR D
PV B BT R RO B DO R IR
EAKREA K (25%, 30%, 35%)HEAT KEE. 45 Rk s
T, T3 580 30% [ 25 1 R » e—PL (177 & B U5 1 79 6

R  DCW 43 535 5] 52.0 g/L, 2.23 g/(L-d), 61.3 g/L #
BT DO N 25% I 43 il de w1 7.6%, 33.5%, 5.3%: {HAH
BT DO 9 35% I e-PL ()77 &g 5 1 18.2%, Bl VM
FEIE R DCW 73 HI PR T 13.5%, 5.1%. M A LASEN
R HITE 30% , K BRI BT A AT U =4 1)
G 5 A B AR IR BB A T A, AT — 2D AR e
PL™ & BRI AN 8 BRI i A% b il v AR 1
BP0 T B AR AR 5, TR AE = WA B BCR A % 8
538 SRR I TR 52 T v 0 R 4 T SO AR
HIE 30% , LA B3 (1 B85 V) 0k T s AR i i . BIAE
R R e 2 e E T 100 r/min J5 38 i R @ R AR
A YEFFAE 30%, 243E ST 0.5 vvm Ji SR 1 75 55
RAEFFI S, Wit ) B E 2 7 M % 800 t/min, 1@ ST
£2.5 vvms
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Fig.5 Effects of DO on cell growth, carbon consumption rate and e~PL production
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55.3 g/L, 6.88 g/(L+d), 0.90 g/g. AL HT 2> BRI T

44.3%, 43.6%, 36.4% (£ 3).

®3 MUAIRELABESHLR

Table 3 Comparison of fermentation parameters before and after optimization

Parameter Before optimization (A) After optimization (B) Change, (B/A-1)x100%

NH, -N consumption/(g/L) 11.7+0.2 15.3+£0.2 30.8%
Maximum dry cell weight (DCW)/(g/L) 58.4+1.3 61.3+1.3 5.0%
Carbon consumption/(g/L) 398.2+1.2 496.2+1.7 24.6%
&—PL production/(g/L) 38.3+1.2 55.3+1.5 44.3%
Carbon consumption rate/[g/(L*h)] 2.05+0.02 2.58+0.01 25.9%
e-PL productivity/[g/(L+d)] 4.79+0.12 6.88+0.31 43.6%
Yield of e-PL on DCW/(g/g) 0.66+0.01 0.90+0.02 36.4%

Range of pH 6.80~4.00 6.80~3.80 -

Range of DO/% 100~20 100~30 -

3.3.3 500 L AR SE 56 ey 7:3.

R T UE B AZ B AR 16 Tl AR 77, 76 500 Lk P i
BEATIOR SRS, s Rl 6 Fom . TEmALAFE T K1, H
HO TP FEE R A S B RIAE T gL e,
RS BRHIEI gLAS. EREE192 hGHEET =
IEF]60.2 g/L, e-PL 7= 4 53.0 g/L, A= P25 B | HL A7
YA RRE F1 00 iE 3 6.63 g/(L-d), 0.88 g/g, LT &
AT MR (KT8 55.7 g/L.e—-PL P& 23.0 g/L A P2 R
2.87 g/(L+d). FA7 40 i & B RE 77 0.403 g/g) 7l # m 1
8.1%, 130%, 131%, 118%. X554 = 5 Li# K EE/K T
A2, B T PR R TR R 9 TR O A AN kA
AR
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—0— Sucrose —o— g—PL

DCW/e~PL production/(g/L)
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96 120 144 168 192
Time/h
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Fig.6 Enlargement experiment of 500 L fermenter
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