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H OE AFHCHOGCSHMRE A OFMHERTIR Y BT CSALNIA AN EROFHNNENETHRE Amilars
KPR MEEEETEM. SRSEERAEA 1. 2omiL e, BRARGFETAI 15.6x 10 cells/mL, MEBRRL Y H o LT m
BAKLH e A2 ERRAE A 12.65mmol/L B, s B E A Tik 2 8.9 x 10° cells/mL. % A4 £ K A K 0. 36mmol/L
A E 12.65mmol/L B RS K ARBSFERMAAIMS NI HSFERARK HEE(HK). B M85 (PK)F 508 5K
ES(LDH) B EH 3 REHT 4B3% . 140% 0 25% A BERFNHROA AR BAMEHOTHR TLAER. 2448
A MERT ARATHEAHLAE(GPTET , £ 887 « FARAGHLAKES THAH R, 548548 (GDH)
Bt EE AR BEETHY ., Aot EREOEEmBE AL T G/, Hityrbd £ A&, ¥ £RA A 12.65 mmol/L
M, FmEAE AR AR EARAN 036 mmo/L HEFT 2.1 1%,

%498 FHCHO M, 248ES LS, Ladeh A8 &
SEFES 113 TREERIAE A T ERS 1000-3061(2006)01-0094-07

Abstract The toxic effect of ammonia on rCHO-GS cell decreased obviously due to the transfection of GS system in serum-free
culture. The maximum cell density, 15.6 x 10° cells/mL was obtained in the culture with 1.42 mmol/L ammonia. The growth of
rCHO-GS cell was inhibited with an increased ammonia concentration. However, a cell density of 8.9 x 10° cells/mL was
obtained when the concentration of ammonia was 12.65mmol/L. The intracellar metabolic pathways were affected due 1o the
decrease of the toxic effect of ammonia on rCHO-GS cell. With the increase of initial ammonia concentration from 0.36mmol/L to
12.65mmol/ L, the yield coefficients of cell to glucose and lactate to glucose decreased. The activities of hexokinase (HK},
prruvate kinase { PK), and lactate dehydrogenase (LDH} increased by 43% , 140% and 25% , respectively, indicating that the
utilization of glucose increased and the glycolysis pathway was more prone to efficient energy metabolism pathway. An increased
activity of glutamate-pyruvate aminotransferase ( GPT) showed that the conversation from glutamate 10 ¢-ketoglutarate was shifted
to glutamate-pyruvate transamination pathway. The deamination pathway was inhibited due 10 a decreased activity of glutamate
dehydrogenase . In addition, the number of cells in Gy/G, phase increased and the specific production rate of recombinant protein

increased by 2.1-fold with the increase of initial ammonia concentration from 0.36mmol/L to 12.65mmol/L.
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FOER AR ERES EURED &
WK HEAE RRER. B RS E B {EE
EHMER. TUSHEEARERFEHABERN,
EENAEBERIBRFOEIZTREB =Y, E8F 1
~5 mmol/L B33 E B &% SR £ K = £ R E A,
MEEAFEFEEMBENIE IS8R KRS
ERHYERERSERKER L ELERKERT
B0k ah KRS R (B RO RS
FEFINS T EREES T AR URERANER
YERR % . SR, At T B 9% IR 35 o BR il 1 LA B &40 Y
MR, PR FEHTERZNH. BEEN
IBRFRMIB EEEARESEBER(CEA
g, RN S ERAEY FEARESET AR
BEBEWES TUAKBIEEERFEPTNR
. CSESGDE L CHO M NSO @ Mg Rz,
SEEARAYEBRRMES ",

YRS BN R —RECTEARE R
RESEFRMER LR F R, £ 2R w5
7 F B P 239 BHK A1 CHO-dhfr - KA K
Rl EAEERE LS FEAFE"  CHO-
CSHMmMP BT S RENA  FEVARRNER
AR SIEARARBISHTHARER
EENER . AXMBRANKEESE T CHO-GS 41
EXmEEFIEFRFEEO RO, ASHE
CHO MM A FEREF B PR EKEH RIERL
BREEEILER,

1 #H 57 %

1.1 sEEHE

E4 CHO-CS M- X R EANBRER
MEEREEEBCS) EERICMEREMA, FE
15 T 410 CHO, BT L& 3 W U S8 (MSX) hil
ERE S EANBMERARAYT H MEKRBE
32 08

EXENEREANLOELCRABMERES
HOEMEFEREHF 175 mml/L HEREH
DMEM/F12 (L& E Bt M), R iR mE 8 5
ML EMMBOIRSSRRS Y. BHBR
B ORI R FENW T X E Sgma 245,
1.2 #jaEx

££ 75mL By HE RN A 10mL 8% FF B 853 CHO-
GS HIfE, A KRB F HIEM A 10mL 3 ¥ 5
(5 BERTRESHRRITAEARBER. &
1: 200 $E R b Bl 5 AU HE 37 .

WE - ERBOERERTHBABRAITFT,
A 3SOmL FTREMFEERZ RIGHET 5 R
FRiCR0Y 1t 20 3 M4 51 100mL I TE R
O'HEVEHM I, Hib 4 HEFSEMA -8
TO0mmel/L 9 NH,CL W , i BIE S HIFFE L E K
EEENERETRE SEBRENMBIRFEES
Fe R AR EMID 2. Smmol/L BI B B BERE . B E RMEM
R ERES, AL 4 nl BIMA RS BIERE
16 R 25mL B F RSP, TAARET 37CH 5% CO,
EHREPIER., SERESEER 2K ITHEKRER.

TEA f A 8 45 fE A B R, B CL 3.3 x 10°
cells/mLEE B #7513 R E 500ml FH &, BHIMA
HRRERGEKENLMFIEHFER 5oL, HIEE
Fe96 W5 Sr ol s B Mg, B TR Y 8BS
0 40 R R B 9 A B
1.3 WA
1.3.1 AIRRIT ¥ B sk R BT S
O AAEUBEMERTERNEERE BKER
3KVEERES
1.3.2 W&E ENABMNE - HEETENK
BB E B R EB BN E MR E R E
ENE(LBEDH RN ABRKEARNE X
HE MR (R BREY IR,

1.3.3 SRl ExMHKERASE 98
(OPA, Fluka, USA)EERT 74 MR A& HBAH G &
%5 (HP1100, Hewllet Packard, German)ifiE. i s1HHE)
A%, TRERZE Wbk HE LB AUt A R A S e B AL
ORI 448t , OPA 7 4 IRV LR SCRRIE /™
1.3.4 MAMBAERSHE  AKIEFE k5,
B L3S, PBS &R 2B KT AR, Bk E
EHFE6x10 ~8x 10 THH., T 600g &L 8min
5 ER LW, A 1ol £ (4 mmel/L MgCl,, 2
mmol/L. DTT, 0.2 mmol/L PBS, pH 7.5), & 41},
A ImL BB OB, KA S WALTE 2 min (8 H
THER 360 W, ks L/ERS 18] 0.6 s, B BRES (8] 0.4 s).
MEAFBREETR 100.L, ATFTEARENR
WOCRAZIGSENRE WARAERREWIR
FiY, B ARBESHETF 15000 g B 15 min, Y% L&
W, BT -0 CHFHN,

CEXME NEENE IBEABnG 50K
ARBRURANE, WTEFEENEY TENT,
RERABRISNEABARRANE . WT L
Bl mRF SERREMAE ., 25 XE14].
1.3.5 ZNpEFE 8R4 A a0 0 40 B 3R 96h S5 L B
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SEE B peS VR 2 LR AT SR, BIR
B EEEHRBEENO0SI10°~1x10° 1, REE
BURITRHEER, B ARG HNBERFEME
mRE AR . AMEET 600 g Bl 8 min 5, F
FEAB05 mL B, BEMA - 20CHE
F70% LBEEARGE, RSIBESIEE T - 20C
A PR AR RE EAEA 1 F. WER.E
DR, PBSEE 11K,600 g B0 8 min /5,
FMEW. RIEMWA 1 mL PBS 1 50 pg/mL RNase
S ul37CKE 1 h, ZJF A 1g/L B TR 8 SpL, %
B 5 melg LR,

1.3.6 HELA HHEERMEFVEENGTER
¥ (cells/mmol ), 7= ¥ %t JE 97 B9 18 & & ¥ ( mmol/
mmol) , & F¢ 4 ) LL i FE 3K 2R [ mmol/(cell-d) ; FIHR (&
P M ER[IU/ (cell-d) 14 Bl LA FARFER:

XJ . - X( 3
Yf,,_ ] = TT x 10
¥ QP"n.l P'n+l B P’n
P TQ,, TS, =S,
0 _ l(ﬁ Z(S‘M] B S'n 103
i T X :”(LI+X}MgH—h}X
0, =+ HAL P x 10°
P DX dt (X, 3 X O - t,)

He X, S F1 P 4 525 40 M % 7 (cells/mL) . & 7
0¥ BT ( mmol/ L) T M (IU/mL) , ¢ Fyadia)(d).

2 ZR 5w

2.1 GSEZMNSINFEANARBIIERKRIER
FEH CHO-GS HIHELL 2.6 x 107 cells/mL. BB ¥

A

X010% cellsiml.)

[} 40 80 120 160 200
rth

EMERREHERENEREPMERE £ K
RWE AR, ABPRATLEL FfRAEEKE
H0.36~3.54 mmol/L WL F P, EAHRAE K®R
W, LGERER 1.42 mmol/LIN M EETE
AR 15.6 x 10° cells/ml.. E ik EHZIEMF 6.38
mmol/L & , L E & Z B0 &, (HZ 7E 12.65 mmol/L
MERE, BHESFE T AT £ 8.9 x 107 cells/
mL. &AM 2.5 mmol/L & E Btk AU IE FF 15 3%
CHO-GS #i M . ey TAi Ml LA B8 A & E BLER, GS
B A PERRAE (X 4. 26mmol/L & 2 ¥k FE 35 7T LA 90 1 4
MAK(EIB). EXHBE, KERWIA N HK
FREEH 1 ~5 mmol/L BT K K& F 3, &
FEREN THHABMEFVBIESE MR8ER
REEA R BB A pH 25 3 40 M A KR 3040 H fE .
B R ,3.09 mmol/L B F ik B 2%t CHO-dhfr ™ 4l
MAREEHEHMBER" 2.6 mmol/L FIEF
i BHK A ERFEPER " .2 mmol/L WEIKE
W2 {f HeLa 40 B 5% 7 FE K 75% " . Martinelle #1
Haggstrom &t NH,/NH, MBS EH#ER A A H
HETE A i 2 e 7= A A B LG B 9 B P A I i (X 4
REEE A . XIRPERHT CS RLEHSIIA,
& CHO-GS #MA H B 1F A 2 & FRIK.
2.2 HiCHO-GS M EBAMEENEWX
FEH CHO-CS R HBE RN, &5
EBARREEERATIR. HEEFEM 0.36 mmol/L
WANE] 12.65 mmol/L B, T HEEHNEEEH
MAMMEEENBERZRZETHTHRT 342 M
l6% (E 2). RBFRHFTHHEITHEHENFH A,
HEMBENARHIREALIREEZFERES
B FLRR TR AR e E i AR U B R

B

X010 cellsimi )

0 40 80 120 160 200
rh

Bl #AFERARENFEBRNGARKEFREDr#MFREH CHO-CS ERATE Kk

Fig. 1

Growth of rTCHO-GS cells in the batch cultures with different initial ammonia

concentralions in the glytamate- and ghntamine-based media
A glutamate-based medium: N (mmol/L}: (0.36, IB1.42. A3 54, T°6 .38, =12.65;

B: gluamine-based medium: ¢y~ (mmol/L): 0.54. M1.73. A4.26, "37.28, *13.05.
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EREANEZHRERFLEAERE T HRER
EEEMAITESR . £ CHO-dhfr 48 Ml 1 2% 32 928 40 iR 1Y
EHP REARIHEENEEFREEFEARE
AT E TR, EHEBY G EEMEER R
F Lz 8, R TE A B N AR A B e F
HMMAER”" . SEAHTda THRENER
e, &% H B A E AR AR e PR .

10
o 08-.1\‘\.\.
Eg 06}
E; 0.2
‘o3 6 9 111

NH:C1{mmol'L)
B2 AFEHEERETEH CHO-CS MM 12 3F och Hifl
VHESBERR(@G NI RYEEREEZEHED
Fig. 2 The vield coefficients of cell to glucose (4} and
lactate to glucose (M) of rCHO-GS cells at 96k in the
batch cultures with different initial ammonia concentrations
ERAAKEL JE 3R TEAENSXT
HESF® RN, Sehneider BN A EREHR S S T
RS R SRR ERE .
FHRE M 0.36 mmol/L FEANF 12 65 mmol/LL B, C #E
¥as(HK) A ERAZ B30 AE (PK) HIZL M iR 8B (LDH) &
T BIEE T 43% . 140% T 25% (A 3). EHE{CH
R HEEE LA HK B e T 4 il 6-BF B8
HER. ZE% 1 —FFIRNAESAERE, HWER
DI R BB A RIS BB AZBREN  ©
AIATE LDH BSYER T Pl # . HK MiE g imE
MM aAEOR AN, SHEENHEER

03

A

0l ¢

Eieyine activityd] psiet Qimin- g 3y

036 1.42 154 638  12.65
NHC1 (mmol-L)

EREE-HWBIERER) . PK Maf i L5
BEFE A REE YL B, PK N 5 09 38 £ 1
HEET LDH Mg pm, ZHLEERE B NE
B m A REaHAT TCATER, SHEE
KEdEs K52 PRI EEBRNEERI
AREADOE—E.
2.3 EEACHO-GSHBREERIFEEENEL
MTREBUBMIHYHNE CEMBEREEMN
ERMIAERYE SEMEERSERRT S
Midg 4. FLE CHO-GS M T4 T 6S HE, 7
DEEEREALATHEBBEMAERES. X1 HL5
ERERKE TEY CHO-CS MMMt EF 96 h 47
HEMAR AEME RS EER, NEPITLE
B AEBRATEEREEEER BELEREERA
fRmEREN I mEAB L, HEKE N 12.65
mmol/L Bt , B &M T A BHRHEER, MEEAMK
B E R EEANEERE N 0.36 mol/L FHHEF T
2 fE. HERB THESEHERMEN ETL
WA EFEME T AR AMEEd B CRAE
BOERARMERERHAT ZRBBEIF(TCA &
B oWl —RELASER HEEBNERE
EHFRBTESAEMETRANEREE. ETEE
CHO-dhfr WML FRF BEEZRE R, AR XS
AEBERNA A RER, S EREEFEDES
ER YEEEWM 0. 2lmmel/L ¥ E 5.66mmol/L
W, AEMM S ERMENBRERIES T 1.
o, EHRFEFLBRE, HERFEM 036
mmol/L 3 fI E 12.65 mmol/L BF , K X Fi g M 22 H {4
WL FE L E T R & T 249 M 369% , KA/ KA
VEHNH S8R AT0EENE R 25
B2 O] LI 2 S Mo O B NS, B 5 3

25
B

?20-
£
jé;i[’{— —B ﬁ -ﬁ
S
E 10
2
:i-
gn,i

0

0.26 142 254 6.38 12.65
NH,C1 immol L)

B3 FRELREME#E A FEE CHO-CS 5 96h C BRI A . TI B MBS FISL 2 IR S BB A& 1%

Fig.3  Activities of hexokinase (A, ), pyrusate kinase (4, W) and lactate debvdrogenase {B) of

rCHO-GS cells at 96h in the batch cultures with different imitial ammonia concentrations
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ATCARR , AR ERKEMUGER, LAMB N T
HITBEANRPRE A EIGE, (238 7 AN 4R
HAERHIFH .
X1 FREHERETESA CHO-GS @Bl s#
EXxshHMHEEKLLHERE

Table 1 The specific consumption rates of amino acids
in the batch cultures of rCHO-GS cells with different
initial ammonia concentrations at 96 h

Gar NH, Cl/{ mmol/L)

[x 107" mmol/(cell-d}] .36 1.42  3.54 638  12.65
@ 1.5 1.4 1.2 0.22 -0.15
@ un 2.1 2.1 2.1 2.2 2.6
Qup i / -0.12 -0.35 -062
eer 1.4 1.4 1.4 1.4 1.9
Quie -2.3  -26 -34 -39 -4.8
Qen -0.45 -0.55 -0.74 -0.9% -1.4

EHABKRMER D, SEBYE LESEB
BARBGOMERTESAEARGEARE 7 &
BERE AL R (KBS — RN REREEH
oML ML EAZKRMER. NE4PTLIEH,
HEHT SN, SEREFEREM 0.36 mmol/L 3%
mE12.65 mmol/L B ,GS METEIRE T 71% . KR

3

A

(¥}
T

Enzyme activity/[umol/{min mg)]

0.36 142 154 6.38

NH4C 1/{mmol’L)

12.65

FEREES T EEARMENSHR A THEARK
AKBER, XEXEMBEH A REREEEREH
W RSN E - (R 1) EWE R mMEH#
TGPT B, X GOTMEMARE, SEWKE N
6.38 mmol/L Hf GPT B§i5 fx &, b AT B (WK HE N
0.36 mmel/L)BET 25%, 5% | PHEBRM LA
HEBAEN B, EFEREARERSER, 3
10 mmel/L B & 3 & H BEL M8 FEX A B2, (B
ER#ATHRREMESFRBHEBNE M.
GDH B A B & Ay, &3¢ E M 0.36 mmol/L 1
NE] 12.65 mmol/L B, B§ {& T B& T 47% , Martinelle
M Higgstrom FAHE MM B FTELNH T
CEBREMAOENSE HILESEBEAN B
M. {BR Bonarius % £ 22300 M Kt F th R B,
SRR AT LR & E IR S B S
I AR EN R TR NRE S EN R
2, FREREERR SN MBRABOEHES S
ARk M EATET EEEREMNE M, EXA
CHO-GS Z0 =R 45 2 BR &) o 8 1% — MR A9 45 1k 2 7 (R
T AREEER FANA T HEMESEEENE
K R EEE 2B,

0.3

B

02 F

0.1

Enzyme activity/Jpumol/(min- mp}}

0 L L 1 1
0.36 142 3.54 6.38

NH,C L{mmol/L)

12.05

B4 FHEHEBERETES CHO-CS BREAIEF ooh T HEL AN SEMEK UM SHHEBNT AMBEMNEHT
Fig. 4 Aectivities of glutamate-oxaloacetate aminotransferase (A, 1), glutamine synthetase (A,M), glutamate-pyruvate aminotransferase
(B, and glutamate dehydrogenase (B, _]) of fCHO-GS cells at 96 h in the batch cultures with different initial ammonia concentrations

24 BECHOGS BB MNERFRENTR
Hs5s AXREHEZEET, E4 CHO-GS 42
A ERIEL R, BPH Rk RAan
R G/, 1), KR E RN R Mk & oA, #
SPHRXARRT S, CHBFEMRAQBRRET
G./MHE . NEPBRTUAED , WHRBEE G/G B
FHHFEESTSHAGCMB, BEEKEH
MR ERLT G/c, ML F B Em, s H
MR, YEEERH 6.38 mmol/L B, G,/G, FF 5
IR 81.2% , X BMOEHE R 0.36 mmol/L)

AT 20% SHAFEKT 4%, YERELRER
JME] 12,65 mmol/L BT, I FREAMEWE TH T A
MEEMEBEARS BEAESHEFAE,
Go/G, B2 DNA S AT, TEHITHRAEAR.
RNA LR ZEREQRMNGH, ZFZERE TS5+
RAREERNER, SAREEFIRIEERD
BER-HEEETIEMN, T G/G HAELHR
HEMERK. FEHFR AN, FHBEHEE G,/G 3
FH TRESEHEARMET LELHSM
DMSO R B G,/C, & L, Aol LUR &
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ZHEEHIEMFE R ; Kaufmann % ¥ CHO 40} EAREERIER EALUERHAREE
(3% FF R M 37 CHE R B 30°C, & BUAK I8 18 40 e % W BEMMEFFAREER T HINEERE
AL T G,/G, BRI L B A A A X R . Westlund H LI AR M N BT FRT &, A 0 i
EAEAEAERESHNESEE Siopson F1 T Na” (K #C KHFERHER.BENL SK &
Lee XM SEARRATHRGNEOHEMNEER 455 FARASIERERL ZEATHARN—
BEERYEMMH, BE T LR mRNA B A BEAELE . T Mirabet Z 53 915 8 T E X Jurkat
PAE HHEMBBEEMREEN G, ¥, AW 46 CH, SR LLC-PKI MRHFHER W, R4
RHETBHREOEGH?" . LR RSELRERE HEIEFRE G TE W E Juka HEEERT, WA
—E, B ERE R EARBRE G/C M h B\ F o@ M| o s &= ¥ Dbpca
TS EEORNEE T RE2E R ENES (B (dipropileyclopentylxanthine) F1 DNA % & , i DNA &
6)o SERS DNA ARMX MBEBERESHBHSH EENMEENERHERR O ATESHARALH
B L R RN OB TERE AL S T, EAEEPEEURBARACHE, XA
KR R LLAN , R —4 5 DNA & BRAEKK LR, BESHMBRIFRER X,

1600 j
1 1000
) Gy'G) 67.4% Gy/G) 69.8%
1200 4 S 24.1% 00 S 21.0%
GyM 8.56% - Go/M 9.28%
z £ 600
E 800 5
z ] 4
] 400
4001
200
0 0
0 i} 40 60 80 100 120 o 40 80 120 180 200
Channels {FL2-A) Channels (FL2-A)
0.36 mmol/L 1.42 mmol/L
1000 1 800
GG, F1.4% 800 GG, 81.2% Gy'G) 17.1%
800 ) 19 8% 1 5 13.6% s 15.1%

GM 8.78% GyM 3.17% 600 GJM 7.88%

0 40 80 120 160 200 0 40 80 120 160 ] 40 80 120 160 200
Channeis (F12-A) Chaonels {FLZ-A) Channels (FLZ-A)
3.54 mmol/L 6.38 mmol/L 12.65 mmol/l

Es FAREREHRETEH CHO-GS MM A FH

Fig. 5 Cell cycle analysis of rCHO-GS cells cultured with differemt initial ammonia concentrations

D A ERME S RS R, 6 54 M8
BEAEERE. MEEKREORE WD B

EEMACHO-CS A MFEERLBEF, HE @B C SRR | 7T T e N A0 LR A SR RS
YRR W B 1.42 mmol/L B, 48 M &R = 3 K T 35 B #in, ZRAMHES SBRENREEMm, BEMET
156 x 10° celis/mL, R B HEZHME 12,65 SHHEBENER. EFAREREY, YEHEW
mmol/L, A FE R EE 8.9 x 10° cells/mL, T TE M 0.36 mmol/L 03] 12.65 mmol/L B, K
S ERRIEFERE G, {1 4.26 mmol/L FE R E KT ABEM T RAOF AES M, maEME 12.65
DIH M FRET S ELENIIA HAET mml/L BN REEESR  ARETEAREABE
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