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B E. R THHEEKYMORBEKEFT (Saccharomyces cerevisiae) & &% Mia Ty £ B KM,
PP EERRRASFHILATRER. EHSRRT R EHRERE SR ERE.
HEABRERES AR BRSG 100%.400% A 11%, RFAFWARA, HEFET AYF 5 6-5
BREGHOREBERGBARENERERT 47.3% ;Y ERAR L R RF - HRH HBSA
HatgAEmT 5. T MNP EAMBRARNLEALAEMT 300%, MAA =58 (TCA) #
RO RERST 21.7%.,
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The Metabolic Flux Analysis of the Osmotolerant
Saccharamyces cerevisiae

LI Xiao-Jun, XU Peng, LUAN Jing, MIAO Jun, ZHAO Chang-Xin*
(College of Biology and Food Technology, Dalian Polytechnic University, Dalian 116034, China)

Abstract: The physiological metabolism of Saccharomyces cerevisiae under high osmotic stress
was studied. Glycerol and trehalose are the primary compatible solutes in S. cerevisiae. Under
high osmotic stress, the content of ethanol, glycerol and trehalose was increased by 100% , 400%
and 11%, respectively, as compared with that of the control. Furthermore, the metabolic flux
analysis indicated that the carbon flux for trehalose synthesis at glucose-6-phosphate node
increased by 47.3% under hyperosmotic stress. The carbon flux for glycerol synthesis at
dihydroxyacetone phosphate ( DHAP) and glyceraldehyde-3-phosphate ( GAP) node also
increased 55. 7%. The carbon flux for ethanol synthesis at pyruvate node increased by 300%,
while the carbon flux channeled into TCA cycle decreased by 21. 7%.

Key words: Saccharomyces cerevisiae, osmotic stress, glycerol, trehalose, metabolic flux

analysis

RBEAREAAWREESERRNEDR  0-REEEFEE MM WL RE; B Rk
ETHTWER. REEAERERERA 6 AKOHABREE~RASY, ETiH.EBE

7 H 5 : 2008-06-05
XEWA BE“+—H"F 8 %I H (2007BAK36B01),
» BIREH: RKHA955),. 8, . 8B BEERH, TENELB TEMNHR. Email: zhaochangxin@126, com.



£ 31

FRET HAELRERETHRBAIN 357

BCRNERERM TV HREDRPRORA. &
SR, A G138 o AR U TR O 3 o030 4 i o o AR O
WaH ERWEA BRI =Y. BRI
(Metabolic flux analysis , MFA)[Z R T8+
RUBSRERENEZFR ERBRNEITH
BEGE., fEERT —HHRBREREST (Sac-
charomyces cerevisiae) EH B EHREENE
PEE (HHRES) BRETHAEBEEFNHER
BEEMHA T HRBREST T 0, X #H—E 5
AMEBEEERNABINBERETARNS %, Rt
WHHELERNRERIEME TR RMTHE
WKE.

1 #MH5EF%k

1.1 XEHE
1.1.1 ¥ # FER¥E B8 (Saccharomyces cerevisi-
ae) FCC2146, HRET I K¥ B &M R B EF R &
Prigft,
1.1.2 #%%

BEEFRE HEE 1 g/dL, BB ® 1 g/dL, B
M45 1.5 g/dL,BiAE 2.0 g/dL,

FFIEFE . WEE2e/dL, BEAMK 2 g/dL, B
#% 2 g/dL,

BRREESRE . HEE0g/dL. BEAK 1 g/
dL,B:F-% 1 g/dL,

B KRB E A 10 ¢/dL, BEEHK 1 g/
dL, B8 H 1 g/dL.

¥esidk pH 9% 5.4~5.6,121 CHEZRKRK
B 20~30 min,
L1L3 sLEsasak IMBPERBRAB4K
B, 2 0.22 ym HAEBSBE & BaK . &
MIREEHRKE 0.45 ym LEMAERAEEEEE
HTETRIE,
1.2 XBHF
1.2.1 3544 RIEEMNSE 30 CHEHF34.#®
AR FIEFHE,30 C.120 r/min TR H B 12 h, #)
BRFREBEKBOAREME. FFIEREAE4
‘C,4 000 r/min B.{> 10 min, ¥%&E—KEL 1%
MREBRIBOBARBAEBEFENYEXE
B ES,30 'C.120 r/min EHE R IR T8 K
. ENTEREBRERBA T2,
1.2.2 @mpEfTEamz W10 mL RER,
4 000 r/minZ > 10 min, B I HiK . L EBWKE
0 CHTZHE ARMFRIKE. HEBHE
AREBERTHARYTE.

1.2.3 A#Heaz FBEIHEIEN (GC122 &,
ERAFNETH) MERBEBRNERESEY,
1.2.4 ZRBHME FA3-ZHEKGRE
W KRB R E RS .

1.2.5 #adaix FMALKGENEZEANH
mEEN,

1.2.6 MASEESNET HMHETF-HRLNE
BESHEEEN SRS,

1.2,7 AEvE MHABKNBEHEEEN Jas
co, H®) M. #a4H:0.1 mol/L KH,PO, &
B (BB pHZE 2.9); kB & 0.8 mL/
min; FE# 25 C; BB BFEK 215 nm; HHER
20 pL/W. KBEW 5 C.18 000 r/min B.L> 10 min
BoA-KMEXEEHE C oL A5 B4&0.22
pm B ROK S A B R AR,

2 HR5H#

2.1 Wghie TRIERSMK S

T 30U K ST B A0 L X 1 95 BR B B A SRR M A
ERBERPNH FREABE RBERENY
BREEEFED, ARERRYHEER™DER

HRmE 1.2 fAE 3 iR,
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Fig.1 Biomass, glucose consumption, ethanol and lac-
tic acid synthesis of S. cerevisiage under osmotic
and normal conditions
ME LR, BB EFRENEEEFETHA
MERBFEELER  XUEHBREKBRAME
R MKBEEENE. ARAEEENEESR
ERBERETARBS, @ EFEPHARE
TZhEERE. MABEREPHEELZEE 84 h,
EEEFEDEHERRE A 60 h 58 69.3¢g/L,
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MEAESEEARE. MEBEREPTHNER
E72hXPIRFE 127.8 ¢/L, R E B FEBER
FEREEN 2F, EEBAGFTIARNERHE
ZEMFB BREHEFEERNS.3JLEARSE
B H 6.5 g/L.

E2REBEBEAREL. BEHERBER
BT . BERERBEEEEFEFTHRIK BELE
WhEEEESE—HEARBRRKE, BEEHF
EREERESRERSARTER 13.8%, ¥
WIEFRET BN R 12, 406, ¥ SRR —Fh S R 60 BT 3
HRIEY . EBB AR BT AR AR . &S
RRMERERSFEE RIFHEPEA.

SRHMWARERL. HBERERB
AR TEEREF B ERAGTHHZE
BFk 6.6 g/L, MEEHFHMBERIL 1.3 ¢g/L,
HME—-MRENEYHERER. B TEEE
ORI AR AN KGR, R

HIM 2 A RED,
HERULERATA, GERRPRERE=Y
AT ERH,
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Fig. 2 Intraceliular trehalose content of S. cerevisiae under
osmotic and normal conditions
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Fig. 3  Glycerol content of S. cerevisiae under osmotic

and normal conditions

2.2 RiAMEHHME

RABSEREEFTFEYNBREAT E
B, BHBASEROSRIRENERERE
R, Hibi— 8T 5B I M A 5 e
BRI B = RIS E .
S. cerevisiae FYHE R (42~48 A E K BT
BE,REEVAEEBHRKAEFTEAT=YE
B BB B AR 4R N 4 FroRtT, K
R PR T AR R A M SMU T (I B
HHMAARERELZWESRENRGEER ¢
(0 ggu %) . AUHHE B8 X K 500 40 Mo 7E B 47 B (8]
WRE=DY R B L, A EREE
B mmol/(g « h), Vi(i=1~T)&RKH
Vi, B4R vRTFEInREFRRA D
F1ME2 PR,
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G6P; Glucose-6-phosphate; GAP: Glyceraldehydes-3-phos-
phate; DHAP: Dihydroxyacetone phosphate; G3P; Glycerol-3-
phosphate; 3PG:3-phospholglycerate; PEP: Phosphoenolpyru-
vate; PYR: Pyruvate; AcCOA.: Acetyl coenzyme; CIT: Cit-
ratey ICIT; Isocitrate; MAL: Malate; SUC; Succinate; SUC-
CoA;SuccinateCoA; FUM;Fumarate; (JAA;Oxaloacetate; a-
KG: aketoglutarate; CoA;Coenzyme A
B 4 S cerevisiae 72 7=y £ K KA 3 40 IR X, i 09 4%
Fig.4 Mass metabolic network of S. cerevisiae at prod-
uct synthesis stage
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£1 REBSRFEHIER
Tab.1 Equilibrium equations at different metabolic nodes

REFDEFR/FER
Gép: 9o =2 qree T V1
GAP&.DHAP; 2Vi=V,+V;,
G3p: V= qay
3PG: V=V,
PEP. Ve=V;
PYR: Vs=Vst qeuntaia
AcCoA. V=V,

£2 FRARBFONARITRXRNRBRAER
Tab.2  Stoichiometric relationships and metabolic reactions

of different metabolites

Righa & AL ATE:
Yo Glucose + ATP = G6P + ADP
Grre G6P + 0.5 ATP = 0.5 Tre + 0.5 ADP
aly G3P + ADP = Gly + ATP
qia PYR + NADH = LA + NAD*
gEn PYR + NADH = Eth + NAD*
Vi G6P + ATP = DHAP + GAP + ADP
V. DHAP + NADH = G3P + NAD*

Vs GAP + NAD*+ ADP = 3PG + NADH + ATP
V. 3PG = PEP
Vs PEP + ADP = PYR + ATP
Vs PYR + COA + NAD* = AcCOA + CO,+ NADH
Vi AcCOA + OAA = CIT
CIT = ICIT
ICIT + NAD* = ¢« KG + CO.+ NADH
2« KG + NAD* = SUCCOA + CO.+ NADH
SUCCOA + ADP = SUC +ATP
SUC + FAD = FUM + FADH,
FUM = MAL
MAL+ NAD* = NADH + OAA

%3 BBEFNEREFRERIHRBRL> %
Tab.3 Metabolic flux distribution of S. cerevisiae at product

synthesis stage under osmotic and normal conditions

- RAAER
Rk BBER FARR
qclu 0.591 2 0.213 8
qTre 0.005 7 0.001 4

“#%3
Rt X il

LR EiE AL 3R
oty 0.015 9 0.003 7
qia 0.007 1 0.009 1
Qe 0.3218 0.028 6
\7 0.579 8 0.211 0
V. 0.015 9 0.003 7
Vs 1.143 7 0.418 3
Vi 1.143 7 0.418 3
Vs 1.143 7 0.418 3
Vs 0.814 8 0.380 6
\d 0.814 8 0. 380 6

2.3.2 ¥ERMASF HRIVA.BBHE
TREESHMRBEASBTRETHERT. £
Nf—am TEWAERDF-HH 3 ~EERHE
8, AT B H % 8 (GP) (B R — 5 75 B 3-8
B B (DHAP I GAP) . B2 (PYR) 4k 9 4%
WA HEL (A ERHEARBEY SRR
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Fig.5 Metabolic flux distribution under different meta-
bolic nodes {a)osmotic condition (b)normal con-

dition
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M PYR W1 FLBR A BR LB K 2. 18 %, i 1) Z Bt 4
A #A TCA EHR KB I RN 90.98%, I F & BB
KRR EN 6.84% . 5EHEMBHRMLE, BB
Ff(E S5 ATEERSRNOKRABREMT
0.62%. M5 DHAPR.GAP i[5 = B BR H i it B
WER LITY HHEMEREIEINT 55.68%, &
PYR Ab BRI 3 23 A6 R Ak B K, T I 1) 2 B
BIBRI B N 28. 14%, B MRS 10 3. 1 15, T Hi )
TCA BHHRABRALT 21 70%, FHAZH AR

16 PR A BB 0 B L MU SR T 71,56 %%
3% #

-

LRFIEGREY, EHBEENIFHFR
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