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W E: 12 A ve A& kAT BRI B2 B (Saccharomyces cerevisiae) ;= i I§ VA BK B AR AL BEAT T BF
. BARARBELREZE LI F, F)H Plackett-Burman 1% #3187k H = b 5 40 % B & #HA7104E 5F 0%
B AR REHLE 3ABE: ATRR, CaClyFfoindb pH AL, ¥4 K REIRIKIEEL L E 3 A
B 8% Kb B R85, KA Box-Behnken %3t vA Bovh) B & - # ik, # 2 R4 E K BESAF A
(wh): B BHE 15%, &8 M 0.2%, BEEZ4 0.4%, AT ER 0.471%, MgSO47H,0 0.1%, ZnSO, 7H,0
0.2%, CaCl,0.025%, FeSO4-7H,0 0.005%, #1%4 pH 1A # 6.74, 180 r/min, 30°C 3% 7~ 96 h. #5849
RS R (T E)AF) 14.55%, A FIZAL T BN T F 476%RET 215 L4,
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Response Surface Methodology to Optimize Lipid
Production Conditions by Saccharomyces cerevisiae
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Abstract: Response surface methodology (RSM) was employed to optimize culture medium for lipid pro-
duction of Saccharomyces cerevisiae. Firstly, according to the results of mono-factors experiment, a Plack-
ett-Burman design was used to investigate the effects of different factors in the ferment medium, three statis-
tically significant factors are:citric acid, CaCl,, initial pH value, and then steepest ascent procedures was
employed to define optimal response region for these three factors. Finally, Box-Behnken was employed to
design. The results of experiments was analyzed by RSM with Minitab15.0 soft. The optimal lipid produc-
tion medium is: glucose 15%, peptone 0.2%, yeast extraction 0.4%, citric acid 0.471%, MgSO,7H,0 0.1%,
ZnS047H,0 0.2%, CaCl, 0.025%, FeSO,7H,0 0.005%, initial pH value 6.74, 180 r/min, 30°C for 96 h.
Lipid production (dry weight) after optimization is increased from 4.76% to 14.55%. The yield of lipid is in-

creased by about 2 times.
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AP Ng, SRR ERAR R, 4R e
YL FE R BE VA RS DRRT B S S A L N o A )
i R H R R P A LS 2%-3% R,
BB AP S B R AT 3% 70% LA BB, T LA
B B (A i B S PR T & U P . BRAE
THE = Z ARG W7 R A ) EE e . s
METE, Wm0, Bl H AT 2 b 7E
FORE R T AR B AR UL, B RTE I
AR A R LB
(Candida) . M BEEEEE(Endomyces vernali)a§, T iMAg
ik 30%-70% . TERI RS S AR RIS T2
() — TR, AL AR G b T i A 1 A
SKAF R A SR, A B T A4 AR W b AR
B AR, FAE A Y T A AR K
FERR o H AT/ SCRRT TR BB 7= 9l B 251 T 5
I FLAE 5 PP 1B v %) 3 I 7= e o) i g TR e
A Pt B — o 2 S

R S YR 3 I S50 X 5 ) JR Y L T R
() B0 DR 28 2 R AT T O e RN K S 4 Hr, e AR P i )i
T 32 (RSM) VX6 PR 7Y 1 £ 1) 7 il B 2 1 2 PR AT T
Ak, iz Plackett-Burman %11, fx FE M€ 525
1P & Box-Behnken B3 * I RSM 12 75 2] i 75 i 1
PR R B AR . A LRI RS R STt o
HrHh Minitab 15.0 G 1A B ¢ W

1.2 EFEREFREHG

ff ¥ 35 SR HE(YPD): #j 40 20 g/L, &K
20 g/L, BERERFY 10 g/Ls

Plackett-Burman SZ45 1 RSM SLI6 & ek 77 5k
(g/L): Fic MRS B C B 35 77 2, O A dr i i Ak
FFh B3R %L, 30°C. 180 r/min %55 26 h )5, LA
10% (V/V)Ih 3 F i 2 A R B s 3R 0k, et
50 mL (250 mL =ff#ffi), 30°C. 180 r/min ¥53%. FF
IR 1% 10° Pa KH 20 min.
1.3 MBEFENHhAZE

K 52 VRl A B 7 75 5 e B TR AL 711 4 B
FZEE TR . Hi ST BT 5 57 5 1 A I TR 5
O JEKVE, 8 VR G TE S IR PR RE, HET
J5 TSRO OB ARG 43 2048, AR L R
2:1 =W ke. HEE, WAEE I =EHEE,
PR B A = E Wt fa A ie, A 25 J1 k1R
B o WARAE R (%) iH5: MIEHE /R T & <
100%", AEASFE SR 3 YR BT $44H .

2 SRS hH

2.1 Plackett-Burman % i1 1% 22 lin 7= ;B8 &+
25 3k 22 TR 2R A IS e 0 A 1 A R R UK
-, R H Plackett-Burman B3 M 9 A5 00 K 2 H i
P EA WERW AR, BNRERR 2 NKE: |
AR ange 1 ISk 2 R,

1 ARS T EEXFLL 12550, FI Minitab 15.0 BefFAT 52
11 E oLk BT, SR, KSR . CaCl, UG pH

JiR 7 B2 £F (Saccharomyces cerevisiae) YS58, H
IR} 2% B8 S A= W0 I 53 P ol TR A 9 5 I 3%

HHN 3 MmN EENNER, 55K, XX 3
AR BT T =B

#& 1 Plackett-Burman 3E351& i+ & F =K

Table 1 Factors levels of Plackett-Burman design

T AL Sk Hfi e A bR A A1 15 1T

Code Name Units Low High Low code High code
A Glucose (%) MV 10.000 15.000 -1 1
B Peptone (%) MV 0.200 0.400 -1 1
C Citric acid (%) MV 0.400 0.700 -1 1
D MgSO,7H,0 (%) MV 0.100 0.200 -1 1
E ZnS047H,0 (%) MV 0.050 0.200 -1 1
F CaCl, (%) MV 0.010 0.030 -1 1
G FeS0O,4-7H,0 (%) MV 0.005 0.020 -1 1
H Initial pH value N/A 6.000 7.000 -1 1
J Incubate time (h) h 96.000 120.000 -1 1
K Error term K -1 1
L Error term L -1 1

i . © PERZRMEDHRAATIKSHES http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



P S A A ) L T 325 I PP PR B 7 ok i 26 F 93

Plackett-Burman K361 i1 45

Results of Plackett-Burman design

e = v =3 E=N
KEF S A B c D E F & H I K | i
No. Lipid production (%)
1 1 1 -1 1 -1 -1 -1 1 1 1 -1 6.98
2 1 -1 1 1 -1 1 -1 -1 -1 1 1 5.61
3 -1 1 1 1 -1 1 1 -1 1 -1 -1 5.43
4 1 -1 1 -1 -1 -1 1 1 1 -1 1 4.46
5 -1 -1 =l =l =l =l =l =l =l =l -1 4.40
6 1 -1 =l -1 1 1 1 -1 1 1 -1 7.79
7 -1 1 1 -1 1 -1 -1 -1 1 1 1 4.30
8 -1 -1 -1 1 1 1 -1 1 1 -1 1 7.05
9 1 1 1 -1 1 1 -1 1 -1 -1 -1 5.48
10 -1 1 -1 -1 -1 1 1 1 -1 1 1 7.17
11 1 1 -1 1 1 -1 1 -1 =l -1 1 5.75
12 -1 -1 1 1 1 -1 1 1 -1 1 -1 5.60
2.2 EFEMEIESEI Gt REHER F 4 WOREIRITEEZFKFE
M) 7 T8 002 75 P A E 22 B2 A4 16 3 X 1 PR A R Table 4 Range of dlffeTt factor nvested in RSM
. N . - oy =y == K Level
OIS, AN S R g s A PR 1 - 1
25 = 5l ) A i [11] ~
T B S A R LA T RO, RS Plackett SRR T Py r—ra——
Burman 7% 1% H 09 3 2 D R0 KNI THE AT B CaCly(%) 0.020 0.025 0.030
}/Fﬁ’ i&ffi‘HE'i %n@jﬁiﬁ%%ﬂ\gﬁg, Ljﬁ;ﬁ%[;ﬂz‘ @JHEi & Initial pH value 6.500 6.750 7.000
Kr=aifig X . HAb R ZE 3£ Plackett-Burman 5255 H = pr——
5 Box-Behnken g [ K36 1% 1
19 13 9 e S 43‘—» A\ 7. <
PP AI=17 K B9 F 2 {0 . AR SCH R Plackett- Table 5 Box-Behnken design and response value
s Bt L s BA LY SIS 7E -~ :
Burman {Z—I;TEU 1/4 ﬂ}kﬁ’fTJ\f%lel+o J\E/\)L\IXT‘[‘*H,H LI Pt W1t pH (i e e
Rl 3 Frn FE  Citi aCle | ialpH A ECA)
Ao 7 ! rloc (%) mtialp Lipid production
No. acid (%) value
# 3 mRERKIREIEITFILER 1 0 1 1 9.60
Table 3 Experimental design and results of steepest ascent 2 1 1 0 10.07
A {0 W pHME A 3 0 0 0 13.88
= R . CaClz .. L.
J¥%5  Citric acid (%) Initial pH Lipid produc- 4 -1 1 0 11.65
No. (%) value tion (%) 5 -1 0 1 10.62
1 0.550 0.020 6.50 11.67 6 0 1 -1 12.43
2 0.475 0.025 6.75 13.24 7 1 -1 0 10.08
3 0.400 0.030 7.00 9.91 8 -l 0 -l 10.25
9 1 1 9.90
4 0.325 0.035 7.25 10.05 10 0 1 | 12.85
5 0.250 0.040 7.50 9.60 11 0 0 0 14.05
6 0.175 0.045 7.75 9.46 12 0 -1 -1 11.55
13 0 0 0 15.08
H1 DA 22RO, S MR P A 2 S 14 -l ‘é 0 10-38
. . o - 15 1 I 1.95
BFT, E HASCh TG s, FPBIR . CaCly. pH {H T
=1 0 0 o M 4
A% 0.475%. 0.025%H 6.75 FURIECHE Minitab 15.0 4925055 BT 4047,
SILS — + B/ =W ” N N y
2.3 WORIEE TR E R A TR R EE 5 R RIE BT Y (HIETER) = 1434

S 95 B3 I TE 335 1 S O S 58 P oD o5, IR RY —0.28%4 —0.02*B — 0.08%C — 2.454% — 1.46B>—
Wi 17 1 PR &= K E I 4 s, AR A Box- 1.46C*— 0.454B — 0.354C — 1.23BC
Behnken #11, HAESE 5 FiR, XF s R AT 22538, W 6 Fis.
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Table 6 ANOVA results of factors and model in the response surface experiment (1)

it EN e RER R 2
Item Module Standard error T P
Constants 14.3367 0.3985 35.980 <0.0001
A -0.2775 0.2440 -1.137 0.3070
B 0.0212 0.2440 0.087 0.9340
C -0.0762 0.2440 -0.312 0.7670
A*A —2.4521 0.3592 —6.827 0.0010
B*B —1.4646 0.3592 -4.078 0.0100
C=C —1.4596 0.3592 -4.064 0.0100
A*B —0.4450 0.3451 -1.290 0.2540
A*C -0.3500 0.3451 -1.014 0.3570
B*C -1.2275 0.3451 -3.557 0.0160

F6 MNEIEHAESNERQ)

Table 6 ANOVA results of factors and model in the response surface experiment (2)

HVE Source H i ¥ DF Seq SS Adj SS Adj MS F P
Regression 9 41.4200 41.4200 4.6022 9.66 0.011
Linear 3 0.6662 0.6662 0.2221 0.47 0.719
Square 3 33.4447 33.4447 11.1482 23.41 0.002
Interaction 3 7.3091 7.3091 2.4364 5.12 0.055
Residual error 5 2.3815 2.3815 0.4763
Lack of fit 3 1.5383 1.5383 0.5128 1.22 0.481
Pure error 2 0.8433 0.8433 0.4216
Total 14 43.8015

M 6()ATLAE Hy, I A*4 FWEIER 3 33
BER, B*C., B*B, C*C Wi 2R &M, HAWK
%ﬁnﬁmﬁ%‘o M%% 6(2)WLJ%JEH EUﬂf*&a:\djiu %}%Qﬁ%fmﬂlﬁf‘{ﬁyﬂ%ﬁﬁ%ﬁ%ﬂwﬁ, Eé%%l@r
0.011 )5 ELIFREE, Ji>>0.05, pimyt)y PO IR, EURE PSR A
T B BT RIS . B, AT A% [ G AR A WA AR, Wt S miEEAETH 20%LL ARk

%%%Ei,ﬁxﬁi%éﬁﬁﬁﬁ?ﬁ*ﬁo 5&%%%&( R2: ﬁi%, ﬁﬂ/ﬁéE@lﬁ%ﬁHi\ *521@%[12]7 ITJXHL?

94.56%, HIEIA 77 FErh pir A H 722 & 1922 1k nl DL R

94.56% 1 AR e AE Ak, 3 3 R N O Uk Wi i

PG RN mERERZ, RKIFAT BRI G50

H GBS Z W) S S H R HAEH, T RITAT

FRWAR A 2, WOAE BLAE F ) SR ARG ] 09 J e

—ERW; 53— R TR AR RS A

Al BEALIR 25 o ARE A7 BR — B e 1S Y

WRAERAE: 4 =—0.058, B =0.030, C = —0.033,

WEAEF IR . CaCly A pH E43 1M 0.471%.0.025%

i 6.74 BHAELERIMR 1, 7y 14.34%. TEIZKMF

T, KRR SRR ST SR SIS SR 14.55% (3

UOFHIE), SHEIAIHME LAY &, X AEE A R N e
2255 AR A2 4 Y 7S Minitab 15.0 4K g? 1 *Tstifjjen lf;ecrl:)is'( T{l};‘e_;iijil’zfuﬂf?iiriﬁffﬂig acid
3t BRI Ry i g ni® 1. 2. 3, and CaCl, on lipid production
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Fig. 2 Surface layer of the mutual-affection of CaCl, and
initial pH value on lipid production

3 FPIRERANANLA pH (B X7 A5 2 2 N Y N iz i T
Fig. 3 Surface layer of the mutual-affection of citric acid
and initial pH value on lipid production

PRI P Bep A 15, DUIAR /D DL B AIF 5 JFG 7 il i 4 A S 4T
T o AR S YO TR R B b R AT TR,

I L) T e 17 T 3 745 S PR 8 7 iR A T 4 1 A

AW 15%, AR 0.2%, BERHRK 0.4%, F1Him
0.471%, MgSO47H,0 0.1%, ZnSO,7H,0 0.2%,
CaCl, 0.025%, FeSO,7H,0 0.005%, #Ii& pH HH
6.74, %53} 180 r/min, 30°C 3555 96 h. 7E1% K 1 5%
PR, PR 14.55%, FLAER PR SRR A=
AR 4.76%4 w1 24544, 15iW] Plackett-Burman
it 5 0 B 1843 BT 7 2 (RSM) A 45 & 7 AR . A
R Hb DA AR 225 W] 7= 8 i 2 T %) PRI 38 v 7 4 1 PR A
EE A NSRS N & ) R A e R e
P T W) A5 B0

ARSI HE RS 75 5 07 T A6 T TR 1 BT IR
Fra, WA IR B IR A Y AR E . AR AR

0 o G e i 2o e v B3 AR 5 R AR 2R AK
T AT 42 119 O B R R D g T B AT, T S SR TR
(Mae)ZE I se e . JP8 AT ik S5 ST
FE, 2 B R TR T BOb s 7 I A 1 TR
T T AR AT T BERY o [P i g PP T B v 4y i
7 X T T A 3 R R TR TR 7 AR A S i (I 7
RRIRI) W R A SRR RS, DFFEERI R AL ™l
it e A — PRSI AR B TR R S

BRJE, TR AR H A A T N AR
F iz, TR R A A D e W A 7 A A Y
VRS A A — 5 B SO AL, dnn] LR BOH:
RGN, TR REIEZ AR AR | AEY e
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