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M E FETES E.coli BL21/pGEM-PEP 7] | 2 i 8 e 35 B4 4 IR 7= 32 MU B B X Bk 9 Bk 8 (PEP) , H iR
FEAERAMERNERNT R, VI THBRERR, EEMET TR EAPEPHEBTHHFETERER pH.
REER A B . EE VN ESEHTFENER, SR TRENEEAG. LOHEXRARE-SHARTHAKE.
EREEE pHA EXFAY - MRANEEEAHEEMNET¥E L. £ ERE LA A NBS BioFlo 3000 & 5L 5
RRERTGTHEE HELEZE . S20h B, REREKEFE ODuO00(H Y T T&ME 22.5¢/L) ,PEP KL B R

28% . BHEMEBT X PEP 8 3.15¢

X MEBRAEM BEEAR EXTR, &R
I ESME 1000-3061(2000)01-0183-05

hEIAT QSIS ERFRINE A
B 44 Bk 7 Bk B8 ( Prolyl Endopeptidase, PEP) [ EC
342126 | R—WRERSHEKBEB NS TREK T
aMREHKRraeEREaEl, EE%4Y
KHERAUBEREHMEBTNRELK, 5
WAz A XA R R A RS,

PEP TEAY RN S BMBM, o Bk L BE
BRNERAER=SE AP R AR
BT PEP(AXAR) BRAAREERBEART
UXBRME PEP Al FREAERMR B3I 0¥ .8
WA 59 LA B R B 5 o

AFAE A TEONA FREMERKE 4
MOERES  AXBITAETHRECEEE, PR
BERRS X248 EOMHEAFEECS
( Bacillus subtilis )18 | 5 J R [ i 2 iR & % A Bk
MR TS - EAK,F B EER 0 ITEE
BUTHER, - TMTEUBTF H3FEA5HER
TR TFEAHABKSE PO, X R 6T HLH
RPEPEXRBHMERBRER LN XBEM,

1 M Efe &k

1.1 #¥

1.1.1 HH: SRUREPEPH LTEE E. coli
BL21/pGEM-PEP AR TR EWHE,

1.1.2 ¥EFHE. LBEHFRES A XMK(9]; BHLEE
W H B R KH,PO, 2, K,HPO, 4, Na,HPO, - 12H,0

YO B 39 :1999-04-08, # @ H ¥ :1999-09-13,

7,(NH,;),S0, 1.2, NH,Cl 0.2; b8 3 B (g/L) : B

¥ 100, K H Bk 50, MgS0, - TH,0 5.

1.2 ##RE
BHREHFORARITRELRAFHKEST, 8

WMACHERFATUENTR, #7100 HH

ks A

1.2.1 BL21/pGEM-PEPEZx B FEHME: ¥ HE

BEAKSE - REkRE LBREAETR I%EMN,

T, B 1R2hER 1K, B4 RMERER,

1.2.2 BFEEEEL: H 1I%ERBEAS

100mL LB =/ ,30C ,250r/min, 5 3F 4h &

BRE2hMEEREENEHERLR,

1.2.3 E#BEMRL: BELRKHA 22-38CHF

16h,

1.2.4 pH & £ 4: L 35mol/L & NaHPO,-

NaH,PO, HZE W, HIFFE 4+ 3 HE pH6.0 ~

8.5,

1.2.5 WK HEMKI: 7 100~ 300r/min A 7 F

T 9% 16h,

1.2.6 BHEMEREBEMRAL: LL0.5-20g/L

i %5 9 FUH R 8,32C ,260r/min, 3 #F 16h,

1.2.7 ERRERL: BEEaBRAESRER

WHh2: 1, EAKKESSN 2-258/L,

©1.2.8 EHIEEMREMI: EHEEN 1.1.2, 8% 5%

HOPBEMEESTHNAEAZE 5.6~420mmol /L.
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1.2.9 #HRAMEXAR: KE4HE, FHe
B(h),A;=12,A,=16,A;=20; FFHBE(T), B,
=26,B,=32,B,=38; 5 pH{H C,=6.0,C;
=7.0,C,=8.0; BEERE (r/min)D, =100, D, =
200,D;=300,3 K FEHIERZF Ly(3*),LA PEP ¥
REBRUBAREE NER  BEHLRER 3 K,
1.2.10 LB21/pGEM-PEP TR E M EEE X 8.
TRk K NBS BioFio 3000 # 5L H ¥ & b
HiT. REEFEBAECMERFSBEIUBM(10],
5% FEFh 32 15 3% 20h, B R F B P bR, £ 5
pHZE 7.0 24, i NE Lvvm, 85 85 £ 55 3 Al A
MR RERE SO L.
1.3 MEHZE

PEPEBEHMESBYM4; BHEANE
B W E S B R [10],

2 #ER5itiw

2.1 &4 BL21/pGEM-PEP £ KR
:9f ]

2.1.1 RiEBEH: SREE 1 BMEERKE
M N PEP %A K FEMEM, 83 20 KUER
BFEW%ESL, REBNERABSELAMELE
KEHETMEEHAX B, A= BFXAS
— B RLHEF,
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Fig.1 Stability of expression of PEP in BL21/pGEM-PEP
2.1.2 PEEEEMRE: FRSERMAAMELL
B2, 4~20b RO R A BKRBIBH, ZFHET
BPEPHBBRIEEFTERBEREYN, HH I
HAWHNEREAHATAREA, MRHRESINR
FHE R L, B 040 6 i otk R A B R Rl

2.1.3 BFBEEMKA: MESBTREARK
= BEMIFRESREERBEL, 4223801
EHNEGEEKBEBEMNF RSN, XTGXE
FRMERKKE. HBRLRAEIN-MUMCTELR
o RE3 WRERBREMBEAMREERR

BEOF A — B, i A8 R B BB IR BE A O, X A

HFHA KRB S,

30 5
L2351 ]as
] 4 =y
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g 15 { &2
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& {138
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Fig.2 Effects of culture time on PEP yeilds
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Fig.3 Effects of temperature on bacteria

40

growth and PEP expression
@ Expression level /% , &Cell density/OD gy

2.1.4 pHittk: R NE 4, pHT7.0 EFHEE

K. BHEEBELUREHILEEBIT,
a5 5
« 30} ]
{4
3 25 . Q§§‘
B 1322
= 20T ] 28
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Fig.4 Effects of pH on bacteria growth and PEP expression
A Relative activity/ A ss9 ; ll Expression level /% ;
@ Cell density/ODgy

2.1.5 BEAKEARL: HRLAE S, HOAMHE
FREANMAHEEENBHNREIBMANER. B
KERERAABREONRBIELARE R HFRE
MREE R, RAE B AE R RSB HERTA
BASHEEEEESARESHRE L,
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2.2 EBEFEXREE BL21/pGEM-PEP £
Hrrakoxm

2.2.1 BEAAL. WA 6,8 &8 H W
EFETHREEW, KEE 10g/L it X A2 201K,
MNF lg/L AU PEERERAR, XREREES
R BHRERERTH - SHR. RZEREE
AR ER PR BRI R 1g/L AR,
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Fig.5 Effects of shaker speed on bacteria

growth and PEP expression
@ Expression level /% ; & Cell density/OD gy
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Fig.6 Effects of carbon on bacteria
growth and PEP expression

A Growth with glucose; O With glycerol; ---Growth; —Expression

2.2.2 HABEAMERSHEKEMKA: LB 7,10~
We/LEAWBRASERE MW ERRH.
AFFRAERANELSRBEEY R W 08K
BHEBHMEERN.
2.2.3 EHHERER.: BRLIFAREREDLEEK
A 5 0 90038 % LR 0N 00 75 W0 T EL XY R R A AR E
EREAH, B8 REF-BRRIEKELE 28~
12mmol/ L AHEEEKEHE, HEANHARE
(in 280mmol /L) X B§ ) X A Hl
2.3 ZHURUEHEXER
LiGHEXTREFESWERLEL L, BRA
4T FEHMN FEBKT Fiosecin =3.55,BmEEAE

BESHTEN. R0# S ELTELRAEEAN
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Fig.7 Effects of tryptone on bacteria
growth and PEP expression
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Fig.8 Effects of phosphate concentration on bacteria
growth and PEP expression
@ Expression level/% ; lCell density/OD g,

BFA&AHNT-BODEEER KFAERERE.
pH.BE ME R A, BREWEER TR
AB,CoDy. BEBRRATERS RAL TR E
BHEEMHR FE 250r/min, BEFRE F 32C,pH
J 7.0, 853t E N 16h,

2.4 HRBFRZEH E.coli BL21/pGEM-PEP 1%
EEA®

2.4.1 REEEREAFRANKE. BRELRER
EREBR X aEmERA L BEXE o
AHEBHRANEMA. & TR 5B H%, &
EEERT MK E 20h, ZRRALYBFFEHL 50%
oL EAEFBNRLABERAEAS, SEAAY
MHE HEBEEWE SO LEEE,

2.4.2 HEHE BL21/pGEM-PEP 43 #it %M i & % B
A EEARNBYHAMNERARARHEHER
BEAE BEERPABEENEASECHARSA T
B(E9). 7£14~18h R PEP W E M, £ 8h Y,
FERF MR, P R A E 50% .
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N1 EXXVRHEREFTRSH
Table 1 Results of orthogonal experiment and analysis of variance
A B C D Expressionlevel multiply cell density
Subtotal No. 1 3 4 /% X ODiggo
1 1 1 1 1 0.1548 0.1276 0.2428 0.5252
2 1 2 2 2 1.1685 1.2553 1.0573 3.4811
3 1 3 3 3 _ 1.3755 1.4621 1.3948 4.2324
4 2 1 2 3 1.8395 1.7206 1.7600 5.3201
5 2 2 3 1 0.3200 0.3546 0. 3684 1.0430
6 2 3 1 2 1.0525 1.1070 1.0937 3.2532
7 3 1 3 2 0.4924 0.4924 0.5053 1.4878
8 3 2 1 3 1.9388 1.9046 1.8816 5.7610
9 3 3 2 1 0.7502 0.8300 0.6190 2.1992
1 8.2387 7.3331 9.5394 3.7674 27.3026
| 9.6163 12.258 11.000 8.2221 ¢ =27.6086
m 9.4480 . 6848 6.7632 15.314 I oea = 9. 3003
(I2+ I3+ @A) 27.735 28.150 28.658 35.106
1 0.1263 0.5415 1.0293 7.5375 g — 0. 0657
v 2 2 2 2 VEre =18
MS 0.0632 0.2708 0.5146 3.7687 MSg o =0.00365
Fj 17.301 T4.179 140.99 1032.5
Significant highly highly highly highly
3.15¢, e E R ZENE M Mok, B 10 K
% BL21/pGEM-PEP ik 5 i) SDS-PAGE %R .
9 g kD1 23 456789101
: ¢ |
g 5 662
3 g
[ 73]

B9 BL21/pGEM-PEP & & #i 4%
Fig.9 BL21/pGEM-FPEP growth curve
W Cell density/OD g0 ; & Specific growth rate/h™*

Z20h B HF HEFEE ODgo 60,3k B T H &
103.5g, WS FTH & 22.5z/L,. &RER N 28%
(RETERHMERLR), SA XD Y PEP B

B 10 E.coli BL21/pGEM-PEP % il & SDS-PAGE B
Fig.10 SDS-PAGE of E. celi BL21/pGEM-PEP
during the fermentation
1. Marker;2 ~11. Fermentation after 2~ 20h;
—+Indicates the expressed PEP
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Cultivation Optimization of Prolyl Endopeptidase
and High Cell Density Fermentation

LI Min XIU Zhao-Yang CHEN Chang-Qing
{ Shanghai Research Center of Biotechnology , The Chinese Academy of Sciences , Shanghai 200233)

Abstract Engineered E. coli BL21/pGEM-PEP could constitutively express recombinant prolyl endopeptidase from
Aeromonas punctata ,which was extremely effected by culture conditions, so fermentation conditions were optimized to
obtain it’s high expression level. Firstly, the stability of BL21/pGEM-PEP was investigated, then, culture temperature,
pH, time, medium were optimized in shake flaskd. The Ly(3*) orthogonal experiment confirmed that shaker speed ,pH,
culture temperature, culture time had high degree statistical meaning. Based on these data, high cell density fermentation of
E. coli BL21/pGEM-PEP on NBS BioFlo 3000 5L fermentor was achieved, after 20h cultivation, the final density(dwt)
was 600D 0 (22. 5g/L) , the expressed PEP was about 28 % of total cellular protein, the yield was 3.15g per litter broth.

Key words Prolyl endopeptidase, high cell density fermentation, orthogonal experiment , condition optimization
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