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W E AWHERANEELE® VSR YI2IIYFD71-3, HEB A % o, his, leu, ade, suc,
BHEFHOHRNRAKES 1—2meg/L. ETTHHWEE. YNB U EFE BREW ., BE
MAREMA YO A EPIEREER, SERMERARENREN, EOAoWEHE
Hin, FEYG RN OMA 5g/L B CAA ERBEVN L R R, S HEDREES, YNB
MEEBAET LM RN RERERAEW ., £5L EASFITIM AR, WNWEE.
YNB., CAA. BRIRrs. HEBMREE, LHRNMIEEHREET 24. 8mg/L,

XA A OE. REE. RUBERE, Aoihe

LI F (Atrial Natrioretic Peptide, ANP) S0l 71304570 B 40 480 L 40 B 72 4 iy —
MEWREHE, RRRMOBE. HE9. M MEMIIRE™ ., B & Sl aTr RO
AR, SILEFEROERAY. OCHE LR LEAE - £ NARNE K5, 7
Friy 28 PEEMAMMA o« DHIE (heANP) S FRE/DTERSE, NEZEEAH
REWEWRZOME, ATEISICHMENKHEES, AMZILEHER, RE

ERXHFHHRE T RELR O SMNEREENEDFHRERITEERNEW, E

MRS HARER., B FOERSE, FENFEARSREANOMELE®W, T
BEFLAFEREUR YR NSRS N T RENEF T RS Y NEH.F
AREEIFEAMNREBFIRNEENRE S . A RE—KEP A LRENEETE
BEEEE Y33:!YFD71-3 Mg R AT %R.
1 AR %
1.1 i

AW R AR Y33 YFD7I 3, i E B KEEE AR RS AN R . XE
—HBSHOCWEFRELE YFD7] 9865 Y33, HEMFA N o, his, ade, leu, suc,
AXHMMIREALLE.
1.2 EFR

YG B (g/L) (i YNB (Yeast Nitrogen Base, Difco) 6. 67, FZi#s 20, HBEs

0.02, HEKL 0. 02, AR 0. 04, FHIEFHE, FEYCEREPH NG 20g/L. 58
. £ YG e B3 % CAA (Casamino Acid, Difco) 5g/L. IEME SIEFE. IR

EXEHTHE & (EEEIXS AETE (FEX$).
EXF 10935 6 A 1 HYLH.
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BE14 % 40mg/L, HEMSREBIEFHE,
L3 BHHE

FhPiEsE, BRORRTEE YO TR LM Y33::YFD71-3 —3F, 7 250m! ZAMPH
S0mlYG 3EFRBEA, T 0CHRBZEEF 24 /M. KB I LR MFIEF ML 308#F
BEA 250ml = #AHT A 25ml ZESEE S RIBE-5 HAREE A 3L REERAD,
30CHFE 36—48 /hBT.
1.4 REHZ

B ERE . HEREREE FASTEYEE, MELHK 600nm HH
B (ODwo). MISHAWE: HIERERSELS, REFRSLHRE, A-mMBEKHM
(DNS) R0 B, M & 520nm A HREE, SiRAEME ROR L MEEERE. B0
YRR E : B A0 R S E A 2R (Bio-Rad) {El B, 7E 595nm [
REHE, SRAEM LA E, CHEEROGIE . ARH SEEMNE.

2 HEX54W#

2.1 StiEsF RIS
Y331 YFD71-3 16 5L B REMEHH YG-CAA BEFEA ST, ODwo Pl & 5—6 ([E

zhk b s
2 3
N -1
£ 3,13 .1
E 88 “fe ¢
[T = —
it p5] —1
[+ = [T
& T o
0 < [}
afF i 2
i) ) 31

R 16 24 32

Time(h) .
B 1 BERF Y33:1YFD7I-3 By ig 5
Fig. 1 Time course of batch cultivation of yeast Y33.1YFD71-3.
. FEHEEHN Y 1omeg/L, ANP £ & B 1—2mg/L, i Y33 (YFD36) M Y33
(YFD42) %P5, B dk 28 /NP &R RPN B KO EFTER, HREELEE
M. N TIREISFHR MW R, MO EN AR, o HEFRe 24 B FFE
FhnEiRHE, P 36.5 NBEIKEAEE (OD) K 7.05, EAEFEN 11 Img/L, 54kt
BERA L RO BN, AR e R G T —8iREE , W7 12 s R
S, FRMMEHEMIRLIS ., 75 41 N ERERT OD K 19.0, ERMHREIEMT
18. 8mg/L, {HO0 EAL 2. 70mg/L; TEAEE 13 /T FMINEFR B S0 3F 0 MM . IR
M, YNB, BEBMMAEK, B 60/ bEEKERT OD R 22.5. EEEREEINE
78. 13mg/L. {HOME M S 3. 68mg/L. HEHAVESE R LN, EHRBERPRME X
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ERMEBRARRARHGH, SHFEPHEASGHEN Y33 YFD71-3 MERMNER
B PR AR R .
2.2 RAREESE

AT THRERETESHES M OMNR LB RS ENE, #TTUTERLR.
2.2.1 REFHE NXYG PREN, AERITERARYRE. £ALERRAYGHE
FEREAREERE, UBECAANTH. BEFATRABREN (Ade), HER
(His) MIREEM (Lew) ) YG EREEMNGT, 30CHRBER 36 /h0F, ZRAK 1, IR
1A RS, YO EREFREVNAZRHIEBROIE —FESL, BFEMNHSEER
A—dn, ARFMEHEERMNEQSRAEW., YEMNHIRE-FREIH, Y3322
YFD71-3 (AR ZFRARMMNH, MEQHNSRNERA &Y. HE, B> YG K
FETRARMERUVAMMEEERERKMNES SR, HILENR, LURES/E LR &
BERAAH, EAHENERZFIRHN, IRFENSRAEMTRATEANS
B, MTHRKIESEASEE R .

*1 YGIEFHED Ade, His ¥ Len IHEMRIEFH T
Table 1 Effects of Ade. MHis and Leu on shaking flask cultures in the YG mediom

No Ade His Leu * Cell density Protein Protein/eell density
(mg/L.) (mg/L) (mg/L) {0002 (mg/L) (mg/0OD + L3
1 20 20 40 2. 9% 2.79 D. 93
2 10 20 40 312 2. 80 0. 93
3 5 20 44 2. 68 3.34 1. 25
4 2.5 20 40 1. 70 4. 99 2.94
5 1 20 40 0. B0 3.92 4. 35
6 20 10 44 3. 00 3.04 1.01
7 20 25 40 1. 84 3. 64 1. 98
B 20 1 40 1. 00 2. 66 2. 66
9 20 20 20 2.20 2,77 1. 26
10 20 20 10 1.78 2.08 1.17
11 20 20 5 1.09 1.53 1. 40

* Other components in the medium; YNB. 6.67g/L and glucose, 20g/L

222 REEFEPEHUSELN. REEFEPING CAA UREEHEER, Y33

CGYFD71-3 E AR E BN EREFEM B ER TR YO BHETR. WELEE

FEPRENS, HEM. A, CAA M YNB SR BEMSITIREESR, §RAK 2.
2 ABEAEPEHASHERERNENE

Table 2 Effects of the constituents in the fermentation medium on shaking flask cultures

Concentration (mg/L) Cell density ANP ANP/cell density
No- Ade Lew His CAA YNB (ODis0n) (mg/L)  (mg/OD-L)
1 10 20 10 2500 3335 4. 81 2.19 0. 46
2 20 40 20 2500 3335 9. 94 8. 86 ' 0. 8%
3 10 40 20 5000 G670 4. 63 2. 50 0. 54
4 10 20 20 5000 6670 4. 05 0.31 G. 0B
3 20 20 10 5000 6670 8. 60 710 0. 83
§ 26 40 16 5000 6670 5. B8 B. 69 G. 88
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CAA MK AE KBTS T, I & & FA 2. 5¢/L, 3 36 B BIR MK
WERYG EFEFH I FE. CAA W INERREE S RLD PR BIVE BB, WA RESHE
—HHFILA K, HRKEATRTA %, CRENREROVIERDS . ZRUTH
RERFEZIRANEM P REGHEEE. B4, BRCAABHBETEHEER, HE
AN ENEBLATLSH, MERHARESSEWONENRE, MHAZRNHTEY
AR, MERENMEERE R RFANKS, CHENFRISEZRARM,

223 EEEFEFYNBMCAAMRN. EREERLPREN CAVREEER,
BT A 35 7% B P AT RSP TR OB K, s — B F S 5. (1) YNB BT YNB PERT
BH (NH,),SO, o, BEHEHEERHMBTE, & Y331 YFD71-3 B9 KRBFR
KEw, EESERENFRE YNBHHR T OMBLEANHRARLE . YNBHHRM
®3 HEHEFHED YNB B
Table 3 Effects of YNB in the complex medium

YND Cell density (ODgp0) g<h D ANP {(mg/L) ANP/cell density
(g/L) 10h 36h 10—24h 24— 36h 36h {mg/OD + L)

6. 67 0. 81 15. 3 0.18 0. 03 4. 36 Q.29

3. 33 0. 44 10. 7 0. 1% 0. 04 6. 44 D. 60

1. 87 g. 32 7-16 0. 13 .11 260. 53 2. 87

0.83 ¢. 25 3. 48 0. 04 0. 17 2. 64 0. 76

Other constituents of the medivm (g/L); Glucose, 203 CAA, 5; Ade., 0.04; Leu, 0.04; and His, 0. 02.

LI, BRAFREKESAN TR, AE—8
HHEACHENESNANEAI. YNB
o b * Y33::YFD71-3 fE4r 8 F A R R
WA (] 2), R H AR R 38 A B2 e IR K
fEE, 4 YNBWABHEE (3.33—6.67g/
; o b L) B, 10—24 /BRI LE AR (o) 4
¢ 0.18—0. 19k ', 7 24—36 /NETEI LA
3 (IR FEREF) 0. 03--0. 0ah Y, B RAE R
s b B2 YNB @y B B 1R{K (0. 83g/L)Ht, Y33
CYFD71-3 FEE RO R, FHHE
K9 0.17h 1. 5 YNB HEH Z8TH
oL : AL, HEHAERERFRSEOME
T T e e Ty BRI 4 YNB R RN 1 67¢/L (Ade/
Timeth) YNB £93% 1/42) Bt ., 24—36 /M AR EH
B2 YNB A Y33YFDIL-3 gmg gy LR RCEE GRS EOCH N,
Fig. 2 Effect of YNB on the growth of (2) CAAMIET . EAEREFT CAAHNA
Y33::1YFD71-3 BEHHEEK. CHEENXERE 4B
Initial YNB concentration: 1. §.67g/L, A CAA M BB ROy B Y 8
% 8-83/L. 3 1.67g/L, 4 0.83g/L R FHE. HARREMEEZE0HR

BE ., R—RIGEE DCO (YFDA2D MU, EEEHFEHIRERHERRYC H

© PERFRMEDHARAATIRSHEST http://journals. im. ac. cn



316 * % I £ % i 10 %

— %, BIAT CAA 3R A REMMBE AR, HEN GFHNEREM NEBGEER,
BT CAA &K MOHRREBME K,
*4 Caa BRI ANP BB HITIWG 2.3 hESLIER
Table 4 Effect of CAA on ANP fermentation hil Rat g e BT R A K
CAA Cell deasity ANP ANP/cell density 3":_& . T BEﬁi’“ .&g Eﬁaﬁﬁ&ﬁ-}m% ﬁ‘]ﬂi
e el el e iRAR. A R AR Y,

5 15.3 4.36 0. 29
1 10.2 3.36 0. 33 B 1 4= A0 90 AR 8 = 4™ S B Y R 7
0.5 8.1 0. 30 0. 04 BORERE. EEZFTEXBITEMN

Compasition of the medium (g/L); YNB 6.67, glucose xR, &ﬁwﬁﬁﬂﬂﬁﬁﬁﬁﬁﬁﬁ@ﬂiﬁ

z([)];t:(:ir;i:::::l,3:[:5tidim: 0. 02 and leucine 0. 04, MR KHEM o« FHEWE ¥ FHREW

B4 BT Y33 YFD71-3, LI RIS s

EAR B ER, S5 YNBHHE, HHEAEMIE, TRSONENES. ITHRE

OB R BT R EE T 0o 0 B 72, IR0 AT D A IR I 0 i 7 26 i R B R 4 91

REEM, FMTEEL 5% CAA M YNB. lih, ATHFELYHHERER, 7R
BEREE LM ERACLL, T ER SR A9 A R,

5t 35 50 F

)
T
oG
E
4 F ok E
- 3
- 2
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% - W 2.5
@ ] o ) o
g £
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- 2 ]
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]
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P 3 Y33::YFD71-3 Ay dtbss 3 (g &R

Fig. 3 Time course of batch cultivation fed with glucose,
YNB, CAA, adenine, histidine and leucine

FhHH 4 3 95 40 R A TR 4L TR WP 5 BT 0F 4 A RIBE-5 BB IM R BE M bt
17 B, ERE. BITEE . pH Bl BRI RS B BR . HESUEA B AL
(0O = F AL & i, R R B oy b S0 SEMU A BEEE K (6 FCS £  3 B A 84
XM, KRR PAMCAA, YNB, IR | ERRNAZAMAESHER (L Ade/
YNB 37 1/50) 24 B 60% B &8 , RIBHES - AL BT b sh bl R, @S 8
BN ERERE—PEBHAT, B34 MHER, BHRRFIOMEET 24. 8mg/L
(€ 3), LM tessses TR SR, '
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Human o Atrial Natriuretic Peptide Fermentation by Using
a Genetically Engineered Yeast Strain

Ye Qin Tao Jianming Zhang Siliang
(Research Institute of Biochemical Engineering
East China University of Science and Technology, Shanghai 200237)
Cai Haibo Li Yuyang
(nstitute of Genetics, Fu Dan University, Shanghai 200433)

Abstract The genotype of the recombinant yeast strain Y33.. YFD?71-3 used in this
study was a, his, leu, ade and suc. Preliminary batch cultures in shake flasks showed
the expression level of atrial natriuretic peptide (ANP) was 1-—2 mg/L. Shake flask cul-
tures were carried out in YG media which contained glucose, yeast nitrogen base
(YNB), and different amounts of adenine, histidine and leucine. When cell growth was
limited by adenine, protein secreted from Y33::YFD71-3 cells was increased obviously.
Adenine became the limilting substrate when the YG medium was supplemented with
5g/L of casamino acid (CAA) and the level of ANP expression was influenced by the
concentrations of adenine, YNB and leucine in the medium, In fed batch cultures carried
out in a RIBE-5 fermenter, the cultures were fed with glucose and a mixture of YNB,
CAA., adenine, histidine and leucine to improve cell growth and ANP expression, and

the maximum ANP concentration in the culture reached 24. 8mg/L.

Key words Human e atrial natriuretic peptide, fermentation, limiting substrate, feeding

© HERFERBEDHRFATIKSHELL http://journals. im. ac. cn



