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Abstract ; The carbon and nitrogen sources of the constitutive Pichia pastoris X-33/pGAPZaA-Man26A-39 fer-

mentation medium were optimized by shake flask experiment,and the fermentation conditions were regulated in

a 50 L fermentor by using intermittent feeding strategy ,in order to realize high-density fermentation of constitu-

tive Pichia pastoris to produce B-mannanase. The results showed that glucose was the most suitable carbon

source for fermentation medium , and its initial centration was 30 g/L;corn syrup was the most suitable nitrogen

source ,and its initial mass fraction was 6% ;during the regulation of intermittent fed fermentation ,the pH value

of bacteria could be maintained between 5.0 ~5.5 by intermittent flow adding 25% ammonia hydroxide ,50%

glucose solution and 20% corn syrup ,and make sure the carbon and nitrogen sources of the fermentation medi-

um were sufficient; after 60 h fermentation, took measures to put the fermentater tank, at this time, the maxi-

mum enzyme activity was 2 685.5 U/mL, the mass concentration of bacteria reached 331.1 g/L,and the ODg,,

reached 302. 8 ,which achieved the high expression of 8-mannanase.
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A7 TR IR B R, 1L 2 SR R Ay
A R T = FORH, (LR RGBS A BR A
A7 13K E R (Zeocin ) , 36 [F] Intitrogen 23 7]
7 s HABCR] , 350 [ o3 A i s A A ).
1.1.2 #E5FE RUEHFRE(YPD #1575 .
WA 20 g, HER 20 g, BRI 10 g, 3
JE#3 20 g, K5 /KEZA 2 1000 mL.

YPDS K5 5L 78 YPD 155 5 v i35 fin BT £
Ve B 4 200 pg/mL ) Zeocin.

PTM1 ¥ #%: CuSO, - 5H,0 6. 0 g, Nal
0.08 g, MnSO, - H,0 3.0 g, Na,MoO, - 2H,0
0.2 g,H;B0, 0.02 g,CoCl, - 6H,0 0.5 g,ZnCl,
20.0 g,FeSO, - 7TH,0 65.0 g, K400 98%
() H,S0, 5.0 mL, £ & FKEAZE 1000 mL.

BSM 5 35 3™ A 0 20 g, B B Ah B0k
85% 1) H,PO, 26. 7 mL, KOH 4. 13 g,
(NH,),S0, 4 g, CaCl, 0. 38 g, K,S0, 18.2 g,
MgSO, - 2H,0 14.9 g, CaSO, - 2H,0 0.93 g,
PTM1 ¥ 4 mL, KB FIKEZ 2 1000 ml.

P35 (R Y BSM 55558 - A4
20 g, BEREERICY) 3 o, BRI R 3 o, B 0 BN
85% ) H,PO, 27 mL, CaSO, 4 g, K,S0, 20 g,
MgSO, - 7H,0 15 g, KOH 4 g, PTM1 % &
0.45 mL, 3% pH{E K 5.0, XE FKER R
1000 mL.

IR e FE R IRk - (NH,),80, 5 ¢, KH, PO,
5 g,MgSO, - 7H,0 4 g,K,S0, 4 ¢, CaCl, - 2H,0
0.2 g, 5376 H s m oz & W B2 43 31 o 20 ¢/,
25 ¢/1.,30 ¢/L,35 &/L,40 o/L {251 ak H i
YERIE, AR 1 mg, THHEH) 0. 25 mL, PTMI1
WL 4.3 mL, JH 5 H pH (EN 5.3 ~5.4, %
B /K E 4% 1000 mL.

RIFLEPERE SR EE: (NH,),S0, 5 ¢g,KH,PO,
5 g,MgSO, - 7H,0 4 g,K,S0, 4 g,CaCl, - 2H,0
0.2 g, HBAEHHA BI85 2% ,4%
6% FIARFFRY R B ORI AE N /IR, AR &

1 mg, {757 0. 25 mL,PTMI % 4.3 mL, il
JEd pH{E R 5.3 ~5. 4, EE T KER R
1000 mL;BSM £::3L, YPD Bz 355k

RWERE SR AL A% B 30 ¢, (NH,),S0, 5 g,
KH,PO, 5 g, MgSO, - 7H,0 4 g, K,S0, 4 g,
CaCl, - 2H,0 0.2 g, A=Y Z 1 mg, I 11 7
0.25 mL, PTM1 % 0.45 mL, 225 FKER
% 1000 mL.

B E W (NH,),S0, 100 g, KH,PO,
100 g, MgSO, - 7TH,0 70 g, E B T K EXKE
1000 mL.

REAMERR IR L Iy - V(BT 5080k 50%
R © VOB FRERW) =10 ¢ 1.

DL EREFREET 121 C 44T K 20 min,
Horpr, #4505 MgSO, - TH,0 BRI R
22 PR IR T 5 S i, PTMI 375 3 F 48 I e
FJE A
1.1.3 {U#L5ig#& LRH -250 BIAfbIEF
56, Bl — R AR A R 2 w77 s DHZ - DA
RUKPRE R TLIR R T 52 g 54 ) 7 ; PHS -
3C A pH 1. 752N RV AN S BE i, B iYL
HI R} 2 A3 A 1 0 A B ) 7 s SMART 2 5 3
BE, H PRI FR A ) 77 5427R Al
MR 25O AL, 75 [E Eppendorf 28 5] 7.

1.2 LWHE

1.2.1 EMEHXEHFRAOHEERZE K5
FIEHE X-33/pGAPZaA-Man26A-39 1 Ff i 42
A YPDS #5572 5 rh, T 28 C 4 T 557
3 d BRI AR 3% TR L AR B VR, A
YPD ARG SR i 5 mL (1) 50 mL $35f
Hr, F 30 °C, 180 v/min Z5{F TG F 2
ODg 2.0 ity i MM, T
28 °C,200 r/min 51 FHR G HE IR £ ODgy N
4.0 ~6.0; f )5 A THRE , A LT rp 1 58 iR 1
PRRLTH 2250 CERA sl A SR ) I B ) b5
BEFRA] I e b W .
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1.2.2 BEFEBREMNFIESE B FR
VB e A N TN A 2 R T Yl B A R B R
Herp R 2% , W R 100 mL (500 mL
FEI) , T 30 °C, 180 r/min 54 T 4k ¥ 45 57
72 h, BERE 12 h R IS ).

1.2.3 BEFEREMNFESRE SRS
VAIEZ 2 b | I S 7 NS e e 5 S A O =
PEBEEE IR A BSM K7 3236, L YPD B3Rt
xR B AR 2%, %W O 100 mL
(500 mL $E) , F 30 °C,180 r/min & {t F 4
Vit 72 b BERR 12 b BORE R )
1.2.4 [EEIIBIEBERERE KESM K
PPl 2 50 L R BEtE RPN 10% ,
WAEN 1.1 ~1.5 vwm, %% 30% ~80% , il
TRFL BN 25% 1 K 24 15 & T W pH AR
5.0 ~5.5, KR SR I IR AR FL A 20 L.

ARV R B IR YRR IR AR K S
S S REAIR, U RS [RI B A 10 ~ 14 . A5 7 28 il o £
SRR 1% J5 , TR T 5t i 43 80 50% 1)
FIEPRA W (& PTML I ) , IR 5 26 e
1% ~3% Z [a], H AR AN 4505 J5 PT IR F5 5k
BT B R 2 o/ L R BRI i oy B % =
4% J& , TR BT i 53 E0k 20% B FORH (&
PTMIL ) , PR FE BRI AE 4% ~ 8% 2 |H].
PREFESEE 20% LA L, P AT 20% B, 1]
ALK AL BRI B R 1Y B A K e
WG FRA EIK A G Ak S b A T 2 WAL
1.2.5 MR E AR RvR BEI E <R
HL, 10 mL ZFEE, T 9000 v/min 254 T &
05 min, 355 B IE, PRI RN .

BTG S o5 45 °C,pH {8 5.0 5%
T8N, B min KRR ™A 1 ool 1 85 Rk i
T B R 1 AN A (U/mL) . B
BHAHK 15 mm By 15 mL #9356 20 B R, 4 5
FRicas 2 0 R AL, 43 A 1.5 mL
S50 0. 5% 1) H #8 RV W (pH {H R

5.0)VENIRY, T 45 COKIBHHAS min; (L7ED
IO ARG BEE A5 409 0. 5 mL B - HEER
BB (E W) L 7E 45 COK R R 10 min,
J52 o 19 170 7 (R A e 4 564449, 10 min Ji5 57 B
SR 2 mL DNS %5 2% 1k 505 AN AE %) BE
HPImA 0.5 mL g — H & PR, 7 Bl & T
B K FR B 15 min P47 8 6N 5, HUGH Tk
KEEHERKEHEZR, BHAEBKERRE
15 mL, GiEITR AT ; L2s (4 FE TR E, 78 4
BT 540 nm IR A0 WO B
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FEAN], pGAP ( = R H 1 8 3 Bl )i 3
¥) A RIELEA] GAP J3 gl 7] LLAI AT H
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Fig. 1 The influence of different carbon

sources on [B-mannanase GXpI‘CSSiOH
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Wi A El 2 frzs. 2 nT LU Y ALERT 36 h
FEAHR LR BOE sUREHE 1,36 h R BN
2. NIRRT R T AR AR K
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Fig.2 The influence of different initial glucose

concentration on the growth of bacteria

A1 TR RARTERET
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The bacteria kinetic parameters of

Table 1

different initial glucose concentration

MR ARMER RRER BEEk RRAIE 40

WRRE/  EVREE TREREE/ EWpRy AEREY R

(g-L)(g-L7") (g-L7") /b (g-L7" -h ") (g-g™")
20 .59 52.01 36 1.44 2.83
25 .77 57.56 36 1.60 2.48
30 2.05  60.21 36 1.67 2.15
35 230 55.97 48 1.17 1.71
40 251 59.38 60 0.99 1.58

S R AL . 2555 I8, SRR 1R A
IR H L 30 /L.
2.2 BFERBRNFEERSNT

ARV EIEXT B — H e JROM il 2 8 119 52 g 4
K3 prs. milE 3 Al AE H, I YPD B3R gk e
A EE E R B 3R OV U, SOH X E 2
BRI B 2 T A B - H R SR I
B WG Al ik 420 U/mL; BSM 15 FR 55
Tz SRR, B 1000 60 U/mL; @A ] it
P RUIRRRF R | SR T ORI B RE Al 2 240 iy
PR RS S EMGE YPD R34
ISR 3 R 6% 1) E KIS, 7T LG Hh i
Pt B — H e FOME W A R 3k, G S g AT 0k
352 U/mL, j2& YPD $535FE[HIG J1 /) 84% . % &
I FOARIEAXS T 8 A B R BB RR
SN BRA , BCAE T — 22 T SRR K e R s
VPRI IR TR 0 BN 6% 1) TORIEAE N B 77 5%

HUER/S
2.3 EEBAIBREBRESRSNT

BT BUA A B AR TRl ERRM R K AT
Je Ml F 2 SR 9 AR SR . B ] B R ]
BCRMEE A I ph 2 AN 4 o, i1l 4 T LA
KWL AR, WG S A 5.0 U/mL — I =
2 685.5 U/mL, 7E K BERHT 12 h, B ) HEA R
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Fig.3 The influence of different nitrogen

sources on [B-mannanase GXpI‘GSSiOH



BaS5® 2020457 A 4355 5541

Fptasg, 12 h J5IHae 2 dtsg i, 54 h 5K
G WA BEWKEH 112 oL —HIE
331. 1 g/L fERKBERYHT 14 h, B4 Joe i vk i ik
APRFREEE , 14 h JF TSN, 40 h 5 AR
o€ s ODgoo WILRAY 2. 1 35N 2 302. 8, 16 A I
AUHT 12 h, ODg BEARDRFE AL, B — B R FF
B . ] BCRMRE A ERE TR I A A
KIS B, B8 S AT LU Y W St T 06 & e g
(1) 86% — HLIH V3 13% , 76 K T 22 h, i
AP TITE 30% L b e &K ) 24 ~48 h [N
FEARREFEHITE 20% 7oA, Mo Iy 2 I3 F) il o
k52 fr K H 2500 L/min, % 3 35 | 350 r/min.
THiG K e, A A o o> 82 o 3% ,10 b i
FE3) 1% , 51 18 h I}, A 2 BV AE 2 R, IH IR IR

—a— ODmu
A BT e
—A— il )

4001
3501
300
250

OD 600

200
150
100

50

Hf ]/

ISR 53 KA S0% 1A A MR R, ol LR A 2
FHE 1% ~3% [FAIBT, [ ECENIN 20% 19 1K,
PADRIE A BB TR B 1 B I SRR T A . e
TRBR I3 Hh 25% i 0K, T fd pH {48 £7 78
5.0 ~5.5, (HAEAN pH A LTI ES &
KIVES. Tl TR B R AR, HA R
PRFHIE 35 L, BRI T4k 2 i 0 B2 A I
FHTRIRIR I E SR i, BOrE & 8 60 h >R T
JRCHE S it , MU S 773K 2 685.5 U/mL, {4
R IR 331. 1 ¢/L,0D, ik 302. 8.
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Fig.4 The curve of intermission fed-batch fermentation
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Fig.5 Monitoring indicators of intermission fed-batch fermentater
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