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Stimulatory Effects of Some Amino Acids on Glycerol
Production by Candida glycerinogenes
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Abstract By using some intermediate metabolites in EMP pathway and TCA eycle as the control, the effects of amino acid
supplements on glycerol production by Candida glycerinogenes in shake-flask fermentations with urea as nitrogen resource were
investigated. The results showed that ten kinds of amino acids, including L-glutamic acid, L-glutamine, L-aspartic acid, 1-
asparagine, L-glyein, I-lysine, L-tyrosine, L-proline, L-histidine, and L-serine, had strong promotional effects on glycersl
production; The optimal concentrations of these amino acids were 0,40, 0.45, 0.36, 0.35, 0.39, 0.36, 0.35, 0.45, 0.26,
and 0.45 g/L, respectively. Accordingly the optimum contents of pyruvic acid, a-oxoglutarate, oxaloacetic acid, citrate, and
succinate were 0.24, 0.42, 0.40, 0.37, and 0.38 g/L, respectively. The advantageous opportunities of supplement were as
rfollows: L-lysine at the beginning of fermentation; pyruvic acid and oxaloacetic acid at the fourteenth hour; L-glutamic acid, L-
glutamine, L-histidine, L-proline, L-aspartic acid, L-tyrosine, L-glycin, a- oxoglutarate, and succinate at the thirtieth hour;
and L-asparagine, L-serine, and citrate at the forty-eighth hour. The addition of each stimulant at the optimal conditions could
significantly promote glycerol production, with the glycerol yield on initial glucose and its increased speed exceeding 60% and
16% , respectively. The possible stimulatory mechanism due to the amino acid supplements is that the increased intermediate
metabolites levels from amino acids degradalion may have enhanced the flux through TCA cycle, which improve cell energetics.
Meanwhile, the shift of carbon metabolism flux at the glyceraldhyde-3-phosphate node can result in the incremental flux through

glycerol biosynthesis pathway.
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Table 1 Fermentation results at the optimal concentration of amino acids and intermediate metabolites
in EMP pathway and TCA cycle

) Control Fermeniation results

Stimulant Glyeercl/(g/L} Yield®/ Optimal contert/(g/L} Glycerol/ (g/L} Yield/ 6% DY
L-glyein 117.55" 53.41 0.39 133 .81 60.82 13.87
L-serine 114,10 51.84 0.45 130.64 59.38 14.54
L-ghutamic acid 118.53 53.85 0.40 137.28 62.45 15.97
L-glutamine 120.04 51.08 .45 139.78 59,48 16.44
L-histidine 112.70 51.23 .26 128.19 58.27 13.74
L-protine 119.35 51.89 0.45 135.65 58.98 13.66
L-tyrosine 112.00 50.90 0.35 127.75 58.07 14.09
L-lysine 115.90 51.52 0.36 132.57 58.92 14.36
L-aspartic acid 117.61 51.13 0.36 133.98 58.25 13.93
L-asparagine 114.17 51.84 0.35 128.19 58.27 12,40
Pyruvic acid 107.90 51,39 0.24 124,52 59.30 15.41
o~ oxoglutarate 110.73 52.73 0.42 130.47 62.13 17.83
Oxaloacetic acid 123.49 51.45 0.40 143,12 59.63 15.90
Citrate 115.20 50.09 0.37 136.52 59.36 18.51
Suecinate 115,67 52.58 0.38 134.96 61.35 16.68

Note: a—data represent the mean values of three independent experiments, b—the glveerol yield on initial glucose. c—the glyeerol increased rate as

compare with the contrel, the following is all the same.

®2 HEM.EMPERS TCABRF KB~ FE M ATE
Table 2 Determination on the supplement time of amino acids and intermediate metabolites in EMP pathway and TCA cycle

Supplement opportunity

Control
Stimulant Oh 14h 30h 48h

Glycerol Yield Glyeerol Yield Glycerol Yield Glycerol Yield Glycerol Yield

F(g/L) ' % (gL} 1% /(g/L) 1% /(gfL) I {g/L) /%
L-glatamic acid 102,32 49.91 114.39 55.80 115.43 36.31 125.60 61.27 124.36 60.66
L-glutamine 102.32 49.91 120,18 58.63 116.43 56.80 126.03 61.48 122.23 59.62
L-histidine 113.49 51.358 128.20 58.27 129.03 58.65 132.90 60.41 125.72 57.14
E-proline 11434 51.97 12696 57.71 126.12 57.33 133 .48 60.67 127.40 57.91
L.-aspartic acid 118.19 53.72 12055 58.89 129.96 59.07 137.16 62.35 124,58 57.33
L-asparagine 114.64 52.11 125.31 56.96 120.40 54.73 124,06 56.39 135 .68 61.67
L-tyrosine 113.49 51.58 130.12 59.15 129.55 58.89 134.01 60.91 127.48 57.94
L-lysine 114.64 52.11 134.83 61.29 127.17 57.80 120.31 54.68 125.11 56.87
L-glycin 112.86 51.30 134,11 60.9%0 125.40 57.00 136.98 62.26 136.60 62.09
L-serine 114.64 52.11 128.68 58.49 116.74 53.06 127.63 58.01 134.03 60,92
Pyruvic acid 106. 65 52.02 113.06 5513 126.99 61.95 119,42 58.25 115,34 56.26
Oxaloacetic acid 120.56 51.30 138.58 58.97 142.87 60.80 134 .48 57.23 129.35 55.04
o- oxoglutarate 102.32 49.91 116.48 56.82 108.69 53.02 127.59 62.24 120.66 58.86
Succinate 112.86 51.30 129_80 39.00 123.58 56.17 132,38 60.17 130.66 59.39
Citrate 115.93 52.70 132.38 60.17 127.31 57.87 129.32 58.78 14} .38 64.26

23 BEEHTEMAERNEREAEERE

B4R bR o8 F B RS i I B S E s e
VLSRR LEER M. R
MR ATERBRABEHM SR C. glycerinogenes 1R
AEARNEWE. EEREBRIEST SYENE

MAMEEHENEEERER TR - LHER T
BelBE . o-BOIN N B BE 2 B L FT 0B A R FE MR
R (R R PO ), i % i A A R A FR B o
BRARED. E1VTHE L BES - LEEM.
PR B = SR O ITERME AR S

© hERFRME R RIS RIS

http ournals. im. ac. cn



B A% - LEEABRM Y BRAFTH AL FORAHSR

141

HEN HM~"B2EFHNEE . ME, Ml
B B NG B 2 R R (o E A m e
L Z BRI ) B e LR B Y P B
BEMNFEBRCR AERAHERSE). £3 4
A1 AR R AR EE R, H M ™ & iR
FOEMESEBHALE. AREERISR2PHUER
HRHATHBRALUF S ARERET DR TEH

160 r—4— Control
—3— (1-oxo0glutarate

120 F —— L-glutamic acid
- —h— L-glutarmine
-Ef' ~3— L-tustidine
£ 80 | —@— L.proline
2
<

40

0 L )
0 20 40 60 80
Fermentation time-h
150
—©— Control
120 =HB— Pyruvic acid
—A&— L-glycine

3
W W
£
Sl
<

30

0 0 40 60 80
Fermentation time h

WEMHR~BENENTFE-EOEW, R
FRBEMEA LR EENGASBREN TS,
- EaEmELR=ERL: (VRS Ba g
BMRER KLER AELBKRNBENBEE 2 F
B anmaam S ARE HER BRER . ARER
TFREBRE CBFAAT HEEHE AR HIR
—EF

150 [ ——@— Control
=f3— | -aspartic acid
—W— Oxaloacetic acigd
5 o100 | ~—>— L-asparagine
___':.h —fy— Succinate
=
S 50
0 |
0 20 40 60 80
Fermentation time'h
150
( —©— Control
-—B— L-lysine
—&— L-tyrosine
5 10
2
g
2
= 50
0 J

0 20 40 60 B0
Fermentation time ' h

Bl W E AR EMPIEE 5 TCA (35 P EIL IR 005 R 2Bt 2

Fig. 1 Time courses of fermentation in shake-flask afier adding amino acids and intermediate metabolites

in EMP pathway and TCA cycle

F3 FMEBR . EMPRERS TCAERPERWIEEAMERHNEHESNNLER
Table 3 Comparison of fermentation parameters after adding amino acids and intermediate metabolites in EMP pathway
and TCA cycle at the end of fermentation

Stmulant Control Fermentation parameters

Glycerol/{ gfl.} Yield/ % Glyeerol/{ /L) Yield/ % [a 11
L-ghmamic acid 125.04 52.10 148.74 61.98 18.96
L-glutamine 149 .88 62.45 19.87
L-histidine E51.48 63. 1t 21.13
L-proline 148.20 61.75 18.52
a- oxoglutarate 155.92 64,97 24.70
L-aspartic acid 120.15 52.24 143.52 62.40 19.45
L-asparagine 146.62 63.75 22,03
Oxaloacetic acid 142.95 62. 15 18.98
Succinate 145.34 63.19 20.96
L-glycin 119.92 52.14 142.71 62.05 19.01
L-serine 140.68 61.17 17.31
Pyruvie acid 139,94 60.84 16.69
L-tymosine 120.61 52.44 140.37 61.03 16.38
L-Ivsine 141.94 61.71 17.69
Citrate 143.69 62.48 19.14
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