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Optimization of leghemoglobin expression conditions in
Pichia pastoris
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Abstract: [Background] Leghemoglobin (LegH) can endow vegetarian meat products with beef-like
reddish-brown color and meat texture, which has been approved by Food and Drug Administration as a
colorant for vegetarian meat and has attracted extensive attention in recent years. [Objective] To
optimize the expression conditions and increase the yield of LegH in P. pastoris. [Methods] Firstly,
single-factor experiments were conducted to study the effects of peptones, peptone concentration, iron
salts and hematin concentration on LegH production during the induction stage. Secondly, the three
factors that have the greatest impact on LegH production were screened out through the
Plackett-Burman design. Thirdly, the variation ranges and the optimum levels of the three factors were
determined via the steepest ascent design and the response surface methodology (RSM), respectively.
Finally, according to the RSM results, shake flask fermentation and high-density fermentation in a 5-L
tank were carried out. [Results] The single-factor experiments demonstrated that with 4% soybean
peptone as the main nitrogen source, the methanol concentration of 1.5%, and the hematin concentration
of 5 umol/L, the yield of LegH was higher. The RSM-optimized fermentation conditions were peptone
concentration of 51.48 g/L, pH 5.66, and medium volume of 35.84 mL/250 mL. Under the optimized
conditions, the yield of LegH in the shake flask was 0.191 mg/mL, close to the predicted value
(0.183 mg/mL), and that in the 5-L tank reached 0.384 mg/mL. [Conclusion] Through optimization of
the fermentation conditions for P. pastoris, higher yields of LegH were obtained, which had certain

prospects for industrialization after further improvement in the tank fermentation.

Keywords: leghemoglobin; Pichia pastoris; response surface methodology; medium optimization;
high-density fermentation
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4. BEEENR; 5. KEEAR; 6: MHEARK

Figure 1 Effects of peptone type on leghemoglobin
expression. 1: Marker; 2: Fish peptone; 3: Beef
peptone; 4: Casein peptone; 5: Soybean peptone;
6: Yeast peptone.
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Figure 2 Effects of soybean peptone concentration
on leghemoglobin expression. 1: Marker; 2: 0.1 mg/mL
BSA; 3: 0.2 mg/mL BSA; 4: 0.4 mg/mL BSA; 5:
2% soybean peptone; 6: 4% soybean peptone; 7: 6%
soybean peptone; 8: 8% soybean peptone.
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Figure 4  Effects of hematin concentration on
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% 1 Plackett-Burman iR 38 & i1 & M [z (&

Table 1 Plackett-Burman experiment design and its response
No. Peptone Yeast Carbon  Medium Biotin Methanol YNB  pH Hematin LegH
(X, g/L) extract source volume Xs, X107, (X, %) (X7, (X3) (Xo, umol/L)  concentration
(X, g/L) (X, g/L) (X4, mL) g/L) g/'L) (mg/mL)

1 60 30 10 60 8 0.5 15 50 2.5 0.1450
220 30 30 60 4 2.5 30 50 7.5 0.059 9
3 60 30 30 30 8 2.5 15 80 25 0.168 0
4 20 10 30 60 8 0.5 30 80 25 0.1100
5 60 10 30 30 4 0.5 30 80 7.5 0.152 7
6 20 10 10 60 8 2.5 30 80 7.5 0.089 1
7 60 30 10 60 4 0.5 15 80 7.5 0.153 6
8 20 10 10 30 4 0.5 15 50 25 0.088 5
9 60 10 10 30 8 2.5 15 50 7.5 0.144 2
10 20 30 30 30 8 0.5 15 50 7.5 0.104 2
11 60 10 30 60 4 2.5 30 50 25 0.1151
12 20 30 10 30 4 2.5 30 80 25 0.1147

ZAE T (model W) F {H M 20.45, P{EH
0.047, FfH Y4“Prob>F {H/NF 0.050 B}, F*
DO AIOIPS o BT E S A0 7S e Rl oA - B i |
FREELG, HASITFEL; SHEX™
LegH 520 J5 #240°F
77 H=0.035 6+0.001 301.X; (g/L)+0.000 381X,

(g/L)-0.000 209X; (g/L)—0.000 554X, (mL)+
0.003 17.Xs (mg/L)—0.005 25X (%)+0.000 090.X;
(g/L)+0.007 30Xs—0.001 256X, (pmol/L)

% 2 Plackett-Burman i3 45 R
Table 2 Results of Plackett-Burman experiment
design

Factors Stdized effects P value Ranking
Prob>F
X 0.052 03 0.008 1
X, 0.007 63 0.237 6
X; —0.004 19 0.456 8
Xy —0.016 63 0.068 3
Xs 0.012 67 0.109 4
Xo —0.010 50 0.149 7
X; —0.001 35 0.795 9
Xg 0.021 89 0.041 2
Xy —0.006 28 0.303 5

(R*=0.989 3, J#JT R*=0.940 9 FHIILE1E R IF).
H G AT DABf R XT LegH = Esg iRy 3 A~ 2
O ARG . K BER (X)) M pH
(X7)o MIZIRIELE K Stdized effects HIEL AT LA
W TR 3 AR, X% 3 NItk
AR A B 75 356 S 1A T 7 T 43T

222 MM ELE SR

AR 2.2.1 455, F Box-Behnken #4415
13 R 3K Fid5:, ] Design-Expert 3 {4
EAT T 2850 M A R B LA SE B0 500, 45
L 3 A 4,

DL LegH ¥ J& Ayma i Mifl, DA Rk
(4). REEWEE®B). pH (O AZRE, WG
153 Z o0 R [l H 5
Protein=0.18—0.001 5924—0.001 72B+0.002 055C—

0.003 2414B-0.005 6324C+0.003 317BC—0.005 674°—
0.006 341B>-0.007 012C>,

H 00 U 07 i 2R 0 2 PR 3 e Ty 28 40 i ]
W, BRI B A, P=0.000 1<0.05, 0%
BRI A B, PeaE REL R=0.981 4, {iH[A]
VA7 R 4005 R B AT
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% 3 Box-Behnken i35 1% it #1045 R W 10 T EE A 4 A 0 [T U 7 R L5 22 ol i 1

Table. 3  Design and results of Box-Behnken W25 BANE 6 FFm, BEAMESRMU). KRR

eN):)I.)elI"lerlr)l':)Irllz Medium pH LegH concentration %(B) -pH (C)Jz 3 /I\EZ u@%%zrﬂﬁﬁ*&ﬁ‘ﬁ °
(4,g/L)  volume (B,mL) (C) (mg/mL) 10 36 A Wy [ H R R AR 3 AN R

Loz 3301697 PRKA e ECIME 5148 L, KN It

i iz ;j :z 21222 35.84 mL/250 mL, pH 5.66, LegH %) Bl

4 52 36 5.6 0.1830 {79 0.183 mg/mL.

5 52 36 5.6 0.180 1 2.2.3 HRELGIE

6 56 36 53 01697 Y UESEAS R TR0 £ S g T FE A, EASTY

736 39 5.6 0.161°6 WA RS, BRI 51.48 g/L. KEEMK

2 22 ig 23 21?2 1 % H 35.84 mL/250 mL . pH 5.66 FIHAth 1% 57 HE

o a6 <3 01623 Sy RIS A A AR A T AR S0, BT

11 52 36 5.6 0.1809 34AT, ARAanE 7 Fos . SEbri il Bradford

1252 36 5-60.1808 AN ) 5 2 PR RO 2ME 5 0.191 mg/mL,

e oo S 0.183 mg/mL H AT CHFM Y

5 e 1 s6 01737 104.2%), 3 I RAF DG PR FROCUESS T A

16 48 39 56 01707 A . I B )E RSB A IR ET Y

752 36 5.6 01800 189%, 7% T HARAOOE fLAECR .

R4 EEFRITENH

Table 4 Variance analysis of regression equation

Parameters Sum of squares  df Mean square F value P value Prob>F Significance

Model 0.000 862 9 0.000 957 40.94 0.000 1 *k

A 0.000 020 1 0.000 020 8.670 0.021 6 -

B 0.000 023 1 0.000 023 10.12 0.0155 -

C 0.000 033 1 0.000 033 14.45 0.006 7 -

AB 0.000 042 1 0.000 042 17.97 0.003 8 *

AC 0.000 127 1 0.000 127 54.25 0.000 2 **

BC 0.000 040 1 0.000 040 18.82 0.003 4 *

A? 0.000 135 1 0.000 135 57.87 0.000 1 ok

B’ 0.000 169 1 0.000 169 72.38 0.000 1 ok

c? 0.000 207 1 0.000 207 88.51 0.000 1 *k

Residual 0.000 017 7 0.000 016

Lack of Fit 0.000 011 3 0.000 010 2.44 0.204 5 -

Pure error 0.000 006 4 0.000 001

Cor total 0.006 200 16

Note: **: P<0.01; *: P<0.05; —: P>0.05.
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Figure 6 Response surface plot and contour plot of mutual-influence for different factors on the yield of
leghemoglobin. A: Response surface plot of mutual-influence for pH and medium volume; B: Contour plot of
mutual-influence for pH and medium volume; C: Response surface plot of mutual-influence for medium
volume and peptone; D: Contour plot of mutual-influence for medium volume and peptone; E: Response
surface plot of mutual-influence for pH and peptone; F: Contour plot of mutual-influence for pH and peptone.
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Figure 7 Response surface result verification.
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Figure 8 Fermentation results of 5 L tank.
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