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Abstract:
constant cell concentration culture strategy by methanol feeding (called as CCCM culture) used in the continuous cultures.

In order to enhance the alkaline polygalacturonate lyase (PGL) productivity by Pichia pastoris, we developed a

We controlled reasonable cell concentrations in the bioprocess by different strategies of methanol feeding. Using this
CCCM culture with DCW 75 g/L, we significantly enhanced the PGL productivity (Qy) and the average specific enzyme
production rate (Qx) of PGL to 6.11 U/(mL-h) and 81.5 U/(g'h), increased by 42.1% and 191.2% than the fed-batch culture
with high cell density, respectively. The final PGL activity was 441.9 U/mL. Moreover, the extracellular protease
concentration is 1.9 mg/L and the cell viability is more than 94% after 120 hour induction. The results show that this new

strategy is advantageous in reducing proteolytic degradation and enhancing cell viability.

Keywords: recombinant Pichia pastoris, cell concentration, alkaline polygalacturonate lyase (PGL), fed-batch culture,
CCCM culture, production intensity

ik Pk 2R B B (Alkaline polygalacturonate
lyase, PGL, E.C.4.2.2.2) &—2KRELEmIE 514

Pichia pastoris) M 28 70 FEAHETF &N H T
HMIEEE N ERIB T, I C 2 BRI 58 R

TR R A LR RS (h D-F U
MRLL a-1.4 BEHHEIEHOE U BERIR G WD) 1Y
B SRR R SR — R, RN AT
MR AL UK, B 25 21 2 o 9 2RI A 2%
Bt SIS RERE . 15 K HE B A FVE A L
B b BRI BAT SRR . IRBE AL | IRAERE . &)
S AT A, AR S AR S Y
JEPO PR, AT SR A e S Y A B
LG R A2 T2 B 25 S

HH 35 55 AU B SR e (The methylotrophic
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il SR S D T WU IRIR A . IRRIES . &
SRR L BRI G R e S AR oA SR
I LA e MR AR ) R A R0

AR S 3 i Bk U1y AR 2R R T
Bacillus sp. WSHBO04-02 Fi4 §ifi P4 55 s il ity S 1A
JEMINFEIET P pastoris GS115 H, F2u4gl415]
o7 Pt 25 B B SR AR 75 T S R Tk SR A
it ;7 itk B [ PRAoe Ko B, B R TR
Tl AR A = fE v, Sy IR | Ve Bk
IKREFEIL R . AR ERE L | i SBT3 iy 2 1 i
Sy A BT S R N R R S SRR Rk
W, 7E3 LAI30 L &EERET, PGL (7™ & 0] )
ik F] 890 U/mL Al 1 425 U/mL, {H&, £S5t
Tl & BEREVEATROR R , BTG AR 504 U/mL!®,
ik, N T#—28m PGL M r=sm I T4
G T Dk A: 7= 1 R FERTE R, A LRGSR
20 2 R X 2 B iR T R - R R e TR
Ze3hFRA " PGL WISENR , Jf i i fE 40 2% i
K WEFEIR PGL YT S

1 MREFE

1.1 E
18 38 P pastoris GS115, [a]i B Mut Flf)

His %A1, %4 7K H Bacillus sp. WSHB04-02 7
(1) PGL 3], ¥4 DK 2~3 A AR S22 (e
1.2 EFE
1.21 YPD FFigsRE
1 % % 1 B (Yeast extract), 2 % 5 1 Ik
(Peptone), 2% 7%t (Glucose).
1.22 HMma# kKEESEFE (Batch media)
Hil (Glycerol) 40.0 g/L, K,S0418.2 g/L,
CaSO, 0.93 g/L, MgSO,7H,0 14.9 g/L, 85%

H3;PO426.7 mL/L, KOH 4.13 g/L, MR ICRIF]
(PTM)!" 4.35 mL/L, 115 ‘CK# 15 min, FH
25% NH,OH ¥ pH £ 5.5.
1.2.3  HimgbpHE KR

12 ml/L PTM, #) 50% (W/V) W H
VW
124 KEFHFERE

SrtANERA RS . & 12 mL/L PTM, 1)
100% W BEEIR (S3H4k) o

HEERIFFRE R wi% (W/V) CCM
(Continuous culture media, HIh 5 5 &80 (55
Hi . 2K, PTM, 4M) A9 Batch media 5577 3%E) +
W% (W/VYREE (W) + ws% (W/V) PTM,,
Hdr wi~ws BIEZIL 3.1.2,
13 #\FAE
131 FhrFEMmER

FlFH WA T-80 CAEME, M OH M %
1 mL FT 50 mL YPD KigRserp (BRHSEmE>
10%), F 30 C . 200 r/min $EFREFFE 24 h, ODgoo
H 8~16.
132 RBERBERESR

R TR R EA 3 L & A&
(LiFlus GM BioTRON, Korea) H, #Ffh& R
10% . FIIGRIEFERA A 2EWE 800~1 000 mL,
AT 4 300 r/min, S 2 vwm, K
BBl EE R 30 C, SR HOCHEHI DO 4E:F
TE (30+5)% , il s (H E o 950 r/min.
K 30% FIBERRIA TR 25 % )3k s K ¥ il pH
1 5.5,

LHhFE R (DO W EFFE 60% L L),
K HFE BRI T AN 50% (w/vy BH .
Ik 42 4 FSCR I s 1) DA S BEAS [R] 35 400 i 40 e
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W, BB R, fFH MR FER, DO
FRR R ZE 60% LA B0, FFURTINGS S 5R3,
WA SRR E 22 C, Wi fHlis SR
SR TN B, % e v e R R R 3 9
HEAFAE 1.8% (V/V), A, FC2002 AU A
LI ) e Y SR B BE(E R 1.8% (V/V)o K
P o ol P A e 42 ) R e SR I sh A o 5 8
AP S
1.4 MEAHZX
141 BEETEANE

HERRFSEL 10 mL &R T 50 mL 2.0
Je283d 10 000 r/min ¥R 2.0 S min, 57 LW, B
FHZRIRK BB, A VRREID 2 K. SRIER A 14
BAETEIRAEAE 105 CHETZIEE, &5, FrEdf
IHTE (DCW, g/L).
1.4.2 B SR BBC B T B 2

—ANPRAEREE B (TU) 5E R R4l
RL LB R 24 774 1 pmol BN RITER 3L
P R i iU
1.43 MEALEE AOX 1% 1B

BUR W WORCE T T vk i Vsl ¥ VR 5 e 75 3
~80 CHEARIRVKAR o MRS, HAE S BTk
Ffitd, T4 °C. 10 000 r/min Z5.0> 5 min, JH
50 mmol/L MEFRZZ 1l (pH 7.0) VB 2k,
Mgz EE . R, BB R T
WERELL R WERERTE]Y 10 min, FEESOUCE B
15 B

AOX MERHER MR AW 3 mL): HEE
200 umol, 4-Z Bk % AR 1 umol, PBS (pH 7.0)
100 pmol, ZKME 4.3 pmol, BRARITALYIEE 15U
FH B Jo B 18 00 B o R AR &R T AT U 1Y
UV2450 43566 37 CF shZiE WOt AR
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AL it A AR R ) 22 Ak B RR AOX
B 1. AOX BRI SN . #E IR R,
B E R 1 umol HO, 75 Z (1101,
1.4.4  Z0HEYE A0 2R R E

LTS R (BOOETZR) SR Wil Y e 4n i
AT A A G AT RO o B— e R AR AL
50 mmol/L B M (pH 7.0) PEV& 2 Ik, HH
2 A R YRR R . W 1000 L 44 i Ak v 3
BB, IA 100 uL SR Ow, RE1H
5], Jefd 3~5 min (NFEPAEEHK), A5 T ik
THERIT AL TR A B RE R AR RE AE HE SR &5
W, BMEATEALIN; AT RN,
P SERENE , BN, & M WK A0 A Y iR €5
D]t Sob ol I Wt A I R T 2R, 3 I At R
TEVESA . A 74930 B HER R, R
#AT 500 AR LA E TR

TIAh, EAEERER I E L 2R SR 2R
RTBE LAY — AR 14, &0
TR A .
1.45 HAhE S EGN €

KR L3t 10 000 r/min 250> 10 min, Y4
WA S REIRE 5 MM SR RS R
| Pierce Colorimetric Quanticleave ™ [ [ i 16
MR At

2 ER5AW

2.1 =HE SR MRS E X 5 AN A B2
cNaa R S A

SN FSCR I — PP EE SR T B o i A
REAROBAR = B A=, FEAR T e B2
PR o 20 5 P R IR T o A P e ) o 4
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H S, JUHAE T A R, ST 20 2%
BERIEORN T R B M 6 H 2, I, 7Bk
[0t S T RS S LU DR G e e 5 R
AN ESRERBEAEEE X,

AR F 2525 POUR s B i i, SR
EE IR B A R Y B e B B R o AR H
i, BR2rBI#E4T 5hy 9h, 14 h W%, %
) UG 20 A % B R A3 ik F) 56.7 g/L. 83.4 g/L.
124.9 g/L.,

HIHEFRENE, FEAARERST
(pAOX1) FYEFH , oA TR A A K SR AL e 5 F g
o B, EHESHB, SeaRmEbERIAINEE A
(R FIET, GRS B AEAS BT . 4ni&l 1 PR,
3 FORIRNE SR A% B (0 0h 56.7 g/L.
834 ¢g/L. 1249 ¢/L) i5% 120 h J5, BAWIKE
JE A E 115 g/L. 140 g/L. 155 g/, KiES
W16 4 55 B R B (56.7 g/L) AR KBt
oA R i Tk 5] 0.029 h' o AR Efﬂf’]
PR BRI TR AT R 2
THS SR BRI L), [ ) ‘%Tﬂ’ﬁﬁiﬁ
HP R i ISR RRAT o VR 1 I 5 R R
N R R AL AR PR A G (y——o 0026x+0.999,
R*=0.9966, Hfik @), MAh, it maniass
JEA NI Tl Ak 5 A B A 45 AR TR M

mE 1D Fin, RS A KEE (0
UG, BRSBTS TR, o FE
2 L 285 55 P R %, S A T E Ak B 130 /L
VI, BRSNS, 12 0.008 b, T4
WREN 75 g/L I, u ATHEL 0.029 h!

FEARIRI Y R BT iﬁﬁﬂlﬁﬁ%ﬂﬁﬁéﬁiﬂ’ﬂ%
B, RIS R AE EUKE NI UG B AR
J 56.7 g/L B, KB FER) DO {HAERFE 209% L)

b TS TR AR 83.4 g/L 1 124.9 g/L
i, & B FR 1 DO LA 5 10%  (4E+57E
8% ~15%) 5% (HEFFHE 3%~6%). FRIAIXH
Fofr e 200 B B 1) A Tt B T RO R IR
WE 1 AR 2 FR, Y006 A0 N
56.7¢/L, 5 77 h, B§iEH 691.4 U/mL, [fi %4
VIR A3 N3] 124.9 ¢/, %S 101 h,
TG P55 961.4 U/mL, FLRT AR AR B 56.7 g/L
PR T 39.1% . (HIE, WItGAAZE RN 56.7 g/L
A A B R A PR BE (Average specific enzyme
production rate, Qx) F1HLA & BER AR ;=5
& (PGL productivity , Qy) Al 43 5l ik | T
44.3 U/(g'h). 5.09 U/(gh). ZidHE Qx (H HA)
i R 83.4¢/L (35.1 Ulgh)) . 1249 g/L
(27.9 U/(g-h)) 40l &t 26.2% . 58.8% . Qy 4>
S L T3 A W R K BE K i (4.56 U/(mLh) |
430 U/(mL-h)) B 11.6% . 18.4% ., QxbiE %
ST G A0 B B A T e TR R, U A
e 285 B R AT R T4 5 Qxo
— ke, ) E 2 e AR R R TR A MR
Y A TR B (B s 8 RE ) 2 B Sk
JAASR 137 hy. TRIAG 4HMES R 56.7 /L 1Y &
B 5 30 00 He v R X IR 4R T 39 h, KR
SRR 98 he
22 EHMEEABRENNESHNOHE
IRZEIR IR, 20 M 2 R e 2 R R R
RIS PGL MOCHEIRI R, 4 kb 4% ] 40
*r“ﬁ AR PGL MIFRARCE, Hik, &
i R 2011 AL U oS OB LA W IS U = €
R, I 4 TE 20 i %5 B2 (Constant cell
concentration by methanol feeding, fij Fx &y CCCM)
SRS LU 5 PGL R IAR0K .,
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Time evolution of biomass (Dry cell weight, DCW), dissolve oxygen, PGL activity under different cell

concentrations in the prior-induction phase. (A) 56.7 g/L. (B) 83.4 g/L. (C) 124.9 g/L. (D) The relationship between the

specific growth rate and biomass.

TEIF I B, 5 nvE 507 SR TN 100%
(), B0 T 0 B A i % AN T R
R T HER T A B B AN B, A
PN B LA o AR5 38 3 43 B 40 i 2 T
RWEh F12E 0, JEE T sh 12238, iz
Whf s S BTN . EESER IR R,
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R SRS 2 AT
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(V/V)o P EEER T wo RUTUBIE, DASE
PR AN 5 B B SR o Y R W AN TR A A
A, .

X = Y/ methanot (Ws = W) 3)

K 3) ., wol RS R R B MR
BIZH 1.8% (V/V)o FEEE AR BER] /5 25 B R T 5 =
bR, AN T AR SR HERRIR 5 ] 9 A1k,
At E, AERRANIEARE R, K,
MR REOTA T 28, N

Ve (0 =) = X (145 @)

T TE A 25 B A W Rt b, R I AR AT LAY
2 ABrBe, HIiER ] (Adaption stage) SERE
] (Stable stage)o FEi W 1, H BT FE R A1
TMAERRE W], W EHAEECRR, JHETRE
SRR/ Al SN AIYECET R

MR ¥ m=(0.0071%0.0016)/k;

N Y, =(0.25420.023)g/g;

RoEl: Y, =(0307+0.010)g/g;

W 1 iR, TR L fEd, w,
AT EAE S S PR B AR A, BT Rk 3 )
5 S HOR it (H REAR G b Sz I & % 3 R A S0
Bl B, ATDUREE FRAXMSEE, AN
L 24 it 285 2 el A g HH g =X
23 (EHRMZEEABREBIESHERKRER
TR R A & B S R
231 fE4IEEELEBNEAERBEEERS
o 3i0p- A

30 o Xof L 4 % R 5% % 1 A 3R W RN 3
SEWFIE, ARSI T 3 MR R4 R, S
Ik DCW 55 g/L. 75 g/L #1105 g/L. W&l 2 fr
71N Ak 3 AN [ 0 S e S R 4 i 28 R R A

F1 EHAEEEREIIE w RN EAXRERN
ARA
Table 1 Comparison of the theoretical and

practical values of w, for methanol feeding in the
CCCM culture

Biomass Value of w, Phase
(DCW, Adaptation Stable
g/L)
stage stage
= Practical 0.31 0.25
Theoretical 0.31 0.26
75 Practical 0.45 0.36
Theoretical 0.46 0.35
Practical 0.58 0.50
105
Theoretical 0.59 0.51

LR T Ao R 1% 200 285 B T R AR 1y i 24 5 7 T
WA, EAESHNEN (0~10 by, FEECHHRE
()G TF 4R 263k, LR R B2 1) R 4508
FERGEW (>10h), HEEACIR R G R 47 7E
FEXFRRUE I KO, R O A, S dniesE
KA AL AT 77 FBR IR FIBEVR . 5 Fed-batch
culture (FBC) #HLEL, CCCM 15 53 o T 1A A K3k
HPk, RE WA o EHEE 0.018 !
(DCW 55 g/L). 0.017 h' (DCW 75g/L) HI
0.012h'' (DCW 105 g/L). i 41 i 2% J3 15 37 e o 30
() R 2R DI AERRAE 23% (DCW 55 g/L). 21%
(DCW 75 g/L) i1 17% (DCW 105 g/L), 1%
BT 40 MRS E PR A K

H T CCCM 3 WS AR -1 4% 1) 210 0 2% i 4k 4
A UK, AT R EFEAT, ASRIRE R bk
G TR PR, P2 T AV i S R AR
= 7K F o CCCMpew ss v CCCMpew 75 g1 I
CCCMpcw 105 g1 Y DO B350 30% . 15%F
10% . MSEMAE/NT 15%0, BRERERLE,
AFITF i W RS R - EENS
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B, BAFA N T AR LA ATP (1)
PR, SemdMNEE HRBRCE, (et L
WP, EACELR R A PSR, A
iR mA KRR, SRR IHFER R E
R, AT ERENRER . MARKIBRETEZE N
W B A A o (T Ak X
[1-2]). CCCM FEHilA L FBC, ¥E4E &V (5 DO
{H), WHAERKERR (7 pE); B CCCM K
I 1) FH B A AR A% L A8 1 T, i AR AR AR 1 B A
FEAK. it CCCM R BB AR T AR 34
BRI TR T AR HE ST,

M C P, R

AR : CHO0+1.50,—~CO,2H,0;ArHS* [1]

HERK#ER . CH0+0.5750,+0.176NH,—

CH1,69100.502N0_176(bi0mass)+0.573H20 [2]
7£ CCCM $557F, PGL G J1 bt 4%

BERIE NN s, 3 Rl SR Mg PGL S v 4331
%% 305.9 U/mL ., 441.9 U/mL #1528.7 U/mL,
JETET 45 h JGIRBIFE AKCE  an Kl 2 g2
7N, XK CCCM B Ftid BAERF O R 1y 7™
it

=k 2 pron, MET FBC, SR CCCM £;
I 5 A B e BE T A, HRA R R 1Y 2E
FERREE IR, fE CCCM 85557, Qx H kG 41
B I AR, R R Y A M R T
75 g/L, CCCMpcw ss g1 F1 CCCMpcw 75 g1 9 Qx
Iy 9lE s 84.5 U/(g-h) Ml 81.5 U/(gh), L
CCCMpcew 105 g1 5 i1 85.7%F1 79.1% , W43
S HERNEL R B R BE RIS (FBCpew 1249 o) 2
BT 202.9% 1 192.1% o M TR i 4l i 1%
Gt KW )7:0 (FBCpew 567 g1 1 FBCpew 834 gi1)»
XPIR R B R Qx (AW Hl & 90.7% F

J= L s
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the post-induction phase. The dash lines are the
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55 g/L. (B) 75 g/L. (C) 105 g/L.
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R2 WHMARAREEMEIA (Fed-batch culture 1 CCCM culture) PGL 312 S 89 LL iR
Table 2 Comparison of parameters in PGL production by the recombinant P. pastoris during fed-batch
culture and constant cell concentration cultrures by methanol feeding (CCCM cultures)

Mode of cultivation®

Parameters
A B C D E F

PGL activity (U/mL) 691.4 620.0 961.4 305.9 441.9 528.7
Recovery rate of the crude
stz o etia (L) 0.721 0.672 0.613 0.856 0.794 0.726
PGL activity in the crude
fermentation broth (U/mL) 498.50 416.64 589.3 261.9 350.9 383.8
Residence time (t, h) = = = 56.3 57.4 80.3
PGL productivity (Qy, U/mL-h) 5.09 4.56 4.30 4.65 6.11 4.78
Average specific enzyme 443 35.1 27.9 84.5 81.5 455

production rate (Qy, U/g-h)

* A, B and C were representative for initial cell concentration at DCW 56.7 g/L, 83.4 g/L and 124.9 g/L in fed-batch culture,
respectively; D, E and F were representative for CCCM culture with DCW 55 g/L, 75 g/L and 105 g/L, respectively.
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Fig. 3 Comparison of the AOX activities under two
different fermentation strategies in the post-induction
phase. (A) CCCM cultures. (B) Fed-batch cultures with
different initial cell concentration.
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Fig. 4 Time evolution of cell viability in the CCCM
cultures with different cell concentrations in the
post-induction phase.
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