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Optimization of Medium by Response Surface Methodology for
Vitamin C Mixed Culture Fermentation with A New
Companion Strain Rhodotorula mucilaginosa
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Abstract: A new company strain of A8, which can promote 2 —keto—-L —gulonic acid (2-KGA)
produced by K. vulgare in vitamin C (VC)mixed culture fermentation,was separated from the source
of Longwei Lake silt, Dongling Shenyang. The ITS rDNA was amplified by PCR and sequenced to

obtain a 610 bp ITS rDNA. Analysis was performed by homology comparison with the NCBI database
to construct the phylogenetic tree basing on ITS rDNA sequences. And the strain of A8 was
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determined as Rhodotorula mucilaginosa based on the molecular identification combining with

morphological identification. The R. mucilaginosa and K. vulgare composed of a new mixed culture of
VC fermentation system and the production yield of 2-KGA was 52.56 g/L.

Based on single factor tests, the components of fermentation medium were optimized by response
surface methodology (RSM). The optimal culture conditions were as follows: 80 g/L. L-sobose, 14 ¢/L.
urea, 15 g/ corn liquor,1.58 g/l. CaCO;,0.3 g/. MgSO, and 1 g/L. KH,PO,. The yield of 2-keto—L—
gulonic acid was up to 70.08 g/L. under the optimal medium in VC fermentation,which is consistent

with the theoretical value of 70.38 g/L. and the conversion rate was 81.3%. The average yield of 2-

KGA was increased to 17.52 ¢/L. with the optimized medium more than with the original medium,

suggesting that the R. mucilaginosa have the companying ability to K. vulgare for promoting 2—-KGA

production. In addition,R. mucilaginosa is not pathogenic to animals and human body in normal

conditions ,which can be used as a new company strain for VC industrial production.

Keywords: Rhodotorula mucilaginosa,vitamin C mixed culture fermentation,isolation,identification,

response surface methodology
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Fig. 2 Cell morphology of strain A8
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A8
KF411535.1 Rhodotorula mucilaginosa strain DY 115-21-1-Y38

KF411538.1 Rhodotorula mucilaginosa strain DY 115-21-1-Y46

KJ160638.1 Rhodotorula mucilaginosa strain Y5-7

KF411552.1 Rhodotorula mucilaginosa strain DY 115-21-3-Y19

KJ160626.1 Rhodotorula mucilaginosa strain YM3
KX515830.1 Uncultured fungus clone ZSYN201307-15

KX385847.1 Rhodotorula mucilaginosa strain AUMC 10727
KF411555.1 Rhodotorula mucilaginosa strain DY 115-21-3-Y25
EF192223.1 Rhodotorula mucilaginosa strain gaoyanlwei2

KJ160627.1 Rhodotorula mucilaginosa strain YD2
KX514978.1 Uncultured fungus clone ZBJ201208-15

AL}

—— KP132584.1 Rhodotorula mucilaginosa strain PMMO8-3684L
I KX514825.1 Uncultured fungus clone ZBJ201205-24

NR 073296.1 Rhodotorula mucilaginosa CBS 316
KX514985.1 Uncultured fungus clone ZBJ201208-22

KJ183057.1 Rhodotorula mucilaginosa strain Y8-2

KJ160639.1 Rhodotorula mucilaginosa strain Y5-8

KF646186.1 Rhodotorula mucilaginosa strain Y5-9

o

KX514986.1 Uncultured fungus clone ZBJ201208-23

—— KP223714.1 Rhodotorula mucilaginosa strain feni 103
I KX515678.1 Uncultured fungus clone ZS7201108-7

—— KY218726.1 Rhodotorula mucilaginosa strain IIF6SW-B2
[ KY218677.1 Rhodotorula mucilaginosa strain IF6SW-F1

KY218727.1 Rhodotorula mucilaginosa strain ITIF8SW-B2
KY218688.1 Rhodotorula muctlaginosa strain IIF3SW-F1
KY218700.1 Rhodotorula mucilaginosa strain IF7SW-F1

KY218665.1 Rhodotorula mucilaginosa strain IFISW-F2
KY218709.1 Rhodotorula mucilaginosa strain IIFCSW-F1

KY218698.1 Rhodotorula mucilaginosa strain IF6SW-F1

KY218728.1 Rhodotorula mucilaginosa strain IF8SW-B3
KY218686.1 Rhodotorula mucilaginosa strain IF2SW-F1
DQ186608.1 Rhodotorula sp. Y11

KY218730.1 Rhodotorula mucilaginosa strain IFCSW-B2

KY218716.1 Rhodotorula mucilaginosa strain IF6SW-B2

KY218724.1 Rhodotorula mucilaginosa strain IIF3SW-B2

KY218676.1 Rhodotorula mucilaginosa strain IFSSW-F1
B4 ETEM% ASITS rDNA FIMERFELZEH

Fig. 4 Phylogenetic trees based on the ITS rDNA sequences of strain A8
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by a new mixed culture of K.v + R.m A8
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Fig. 9 Effect of CaCO; amount addition on 2-KGA

production by a new mixed culture of K.v+R.m A8
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Fig. 10 Effect of MgSO, amount on 2-KGA production by
a new mixed culture of K.v+R.m A8
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Fig. 11 Effect of KH,PO, amount on 2-KGA production
by a new mixed culture of K.v+R.m A8
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Table 3 Design and results of Box—Behnken Design
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1 0 0 46.92 47.74
1 0 0 65.38 66.09
0 —1 0 50.38 50.58
0 -1 0 66.15 66.08
0 1 0 69.22 65.87
0 1 0 50.00 48.80
-1 0 -1 55.38 56.54
1 0 -1 60.76 60.66
-1 0 1 57.69 59.27
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(&% 3)
13 Block 1 -1 0 -1 -1 -1 0 59.99 60.47
14 Block 1 1 0 -1 1 -1 0 56.15 55.95
15 Block 1 1 0 1 -1 1 0 56.15 54.52
16 Block 1 -1 0 1 1 1 0 60.38 60.39
17 Block 1 0 -1 -1 0 -1 -1 50.38 49.11
18 Block 1 0 1 1 0 1 -1 65.38 67.09
19 Block 1 0 1 -1 0 -1 1 69.22 68.13
20 Block 1 0 -1 1 0 1 1 49.23 49.12
21 Block 1 -1 0 0 0 0 -1 59.99 60.39
22 Block 1 1 0 0 0 0 -1 55.76 57.01
23 Block 1 1 0 0 0 0 1 55.76 56.97
24 Block 1 -1 0 0 0 0 1 59.99 59.84
25 Block 1 0 0 0 0 0 0 59.99 59.29
26 Block 1 0 0 0 0 0 0 59.99 59.29
27 Block 1 0 0 0 0 0 0 58.46 59.29
28 Block 2 1 -1 0 -1 0 0 41.92 42.50
29 Block 2 -1 1 0 -1 0 0 66.53 64.41
30 Block 2 -1 -1 0 1 0 0 47.69 46.64
31 Block 2 1 1 0 1 0 0 61.53 61.04
32 Block 2 0 1 -1 0 -1 0 60.76 63.45
33 Block 2 0 -1 -1 0 -1 0 45.38 47.25
34 Block 2 0 -1 1 0 1 0 47.69 49.25
35 Block 2 0 1 1 0 1 0 68.46 66.76
36 Block 2 0 0 0 -1 0 -1 56.15 55.85
37 Block 2 0 0 0 1 0 -1 59.23 59.23
38 Block 2 0 0 0 -1 0 1 59.99 58.51
39 Block 2 0 0 0 1 0 1 58.46 58.88
40 Block 2 1 0 -1 -1 -1 0 53.84 52.54
41 Block 2 -1 0 -1 1 -1 0 58.07 58.40
42 Block 2 -1 0 1 -1 1 0 55.38 56.88
43 Block 2 1 0 1 1 1 0 58.07 58.90
44 Block 2 0 1 -1 0 -1 -1 63.84 62.45
45 Block 2 0 -1 1 0 1 -1 50.38 49.99
46 Block 2 0 -1 -1 0 -1 1 50.00 49.78
47 Block 2 0 1 0 0 1 1 63.84 66.60
48 Block 2 1 0 -1 0 0 -1 55.38 53.95
49 Block 2 -1 0 1 0 0 -1 57.69 58.06
50 Block 2 -1 0 -1 0 0 1 60.38 60.72
51 Block 2 1 0 1 0 0 1 58.84 56.86
52 Block 2 0 0 0 0 0 0 57.69 58.14
53 Block 2 0 0 0 0 0 0 56.15 58.14
54 Block 2 0 0 0 0 0 0 59.99 58.14
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