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Mechanism of Corn Steep Liquor during Glycerol Fermentation
by Candida glycerinogenes
XIE Tao FANG Hui-Ying ZHUGE Jian~

( The Key Lab of Industrial Biotechnology of Minisiry of Education, Seuthern Yangiz University, Wirxi 214036}
Abstract: Using chemically defined medium as the control, mechanism of com steep liquor { CSL) in complex
medium during glycerol production by Candida glycerinogenes was studied. The results showed that there were
three key factors in CSL that had some great influences on glycerol fermentation of C. glycerinogenes, including
phosphorus, nitrogen, and trace elements. The maximum glycerol yield of 53.44% was achieved at an optimal
phosphorus concentration of 121. 75mg/L, where the CSL concentration was 14g/L. Phosphorus in CSL could
comrol the distribution of carbon metabolism flux between EMP pathway and HMP pathway. With the increase in
CSL concentrations, superfluous phosphorus could restrain HMP pathway and activate EMP pathway, thus resul-
ting in remarkable changes in various fermentation parameters of complex medium. Nitrogen in CSL could play a
cooperative role in the regulative function of phosphorus. However, it was not a suitable nitrogen source for
C. glycerinogenes. Trace elements in CSL could markedly improve the glucose consumption rate, accelerate the
cell growth, and enhance the glycerol yield.
Key words; Comn steep liquor ( CSL}, Candida glycerinogenes, Glycerol fermentation, Mechanism
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BEA IR 1,700 B#~8, XARSEERLABATHMBAE MO,
HE B EERER Candida glycerinogenes RREEF-HBEEEF R, SR LEMERKE
A, ARESH TEFM T UAMBY . B, KHEFOE N C glycerinogenes
MEBESNE, AT ZMEREFTFSHT TENSENWR, AREAREREPFEX
¥NEREZHHBMAT IBN I EEERAF LY, B2, HEXEEW
C. glycerinogenes PP H MR BRI B WIEFAVIEZE S # R IFITRAKFIT. AT UG RER
EEXTH, BIRERKBE LRI C. glycerinogenes T ZBERIR N, 1§57 HAE AL
H,

1 MREHFE

L1 EHMEFE

B8 : Candida glycerinogenes WYL K2 S B H BT iRt .44

PRI HEM 100g, JRE 25, CSLB8g, EAEIL, EA pH{HE,

HEERBEFE. WA 210 -230g, RE 2, CSL10~18y/L, EAZE IL, HR
pH fH,

SRARBEFRE . W 210 ~230g, JREK 2, KH,PO,0.40 ~0.73g/L, MeSO, -
TH,0 0. 5g, CaCl, 0.1g, NaCl 0. 1g, WEITESR®E InL/L, EFZE 1L, B4k pH,

WEBRITLENE: SRR [11],
1.2 &EMAZE

MRIF IS RS R A LR — B R, A S0l IBHH (FhrIi5feas
BEFS0mL), FHEREKICRE S 190 (FIE 10em, HHE 110 K/min) , HiE
5% MBI IERE THREASL A (BHE Co. Iid, KFSL), ABERARERE
4 3L, $e# K 550c/ min, AR 30C, @R EN3L/min, AR pH,
L3 WEHE

TYRE, KoMEaBNE: SHRAMTE. NEEHENRERE.

pH [HH:Z: pHS-3C MEHIZE,

B EBAEAMBEMRNE: SHRHEBHAR. SABE AR R
HPLC 44k

Hih, AHEHRERNT. 2R3 (1],

2 BER51ie
2.1 EXRESHIE

AT EKRIKTE C. glycerinogenes 7= H 1 Z BT IRAERVE, BRx EkREH

B LB HET T, AR
£1 IKEMTEAHRER

@aa R/ {(g/100g) 84 w8 (g100g) #Har 8/ (p/100g)
A 42.87 Na 5.91 x 10 Aspartic acid 0.34
LT 6. 87 Mn 1.13x10% Serine 0. 45
BE 3.18 K 2.06 Glycine 8.39
pH (& 4. 68 leucine 0.45 Alanine 1. 45
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g1
P 0.92 Glutamic acid 0.33 Tyrosine 0.10
Zn 7.33 x103 Histidine 0.52 Valine 0.69
Fe 4.54 %107 Threonine 0. 44 Phenylalanine 0.59
Cu 4,52 x104 Arginine 0.04 Leucine 1.32
Ca 0. 52 Cysteine 0.03 Proline 0.62
Mg 0. 41 Methignine 0.40 Lysine 0.37

2.2 RAESEFESEREFENSRERTR

BeRBEREPERKEERE N0, 12, 14, 16 18 g - L' (BEEE SN
86.79, 105.03, 121.75, 139.96 f1158.31 mg + L"), X ciitik#E=% B, . B,
B13\ Blaﬁ Bls; ﬁﬁ%ﬁﬁkﬁ%#gcp KH2P04‘%€E&E;’J 0-40\ 0. 49\ 0. 57\ 0.65 ﬂ
0.73 g - L' (BEMRELIKIK A 87.49, 10549 122.42 140.45 1 158. 10 mg - L), [
FAHAM LM A B,y . By, By, By M By, 785 L Ashis il R RE 1T 1 K BE,
SKREERRE ME2, AE 1, R2 941, 4RAS CSL HF A FEHAIT R BN,
BEEHRERM, SHAMSBMNTLERIIBE,

35 ¢ 140
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25t o )
E) < 100 ®
@ 20 5 % o
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W 107 40 -
5 20
4] N L N 0 i " . . N W ¢V
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 30 100 120
REER E]/(r /) E BB/t /) L RERSiE/(r /h)
(A) (B) (9]
25 140 250
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% 0 ~ 100 o 200
= ]
w Ol 80 5 150
10 E 60 100
= o o4 »®
E 5r 20 50
0 R , . . 0 e 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 30 100 120
BBRERTR)/(t ) EEi R/ (/) R RERF R}/ h)
(D) (E) (Fy
1 AEEERAEARR _EA& THARTE
CSL; A, B, C, KH,PO,: D_E. F
-=—B,,, - B,;, = B,;, —B,,, OB, *+B,, OBy, By, < B, =By
£2 FEAREEXENUR_EHAMEREEOER
Eg;ﬁ Bil BIZ BIB Bl4 BlS Bll 622 B23 BZA B?_i
MW EEEE (¢/L) 220 220 210 230 230 230 220 220 230 230
EBER/ (h) 108 96 90 78 72 108 96 90 84 84
BXEETE (¢L) 19.9 22.5 25.5 27.8 30.1 18.3 19.0 19. 4 19.6 19.7
BRHM~R] (/L) 107 109 112 112 98 119 115 116 108 97
HmFAT MR LE (%) 486 493 53.4 43. 6 42. 4 51.8 522 52.8 46.9 42.2
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gF2
WEMMEEESR (o7 (L-h)] L9 2,23 2,39 292 316 208 22 221 250 250
EkE A [/ (L-h)] 018 .23 0.28 0.39 043 017 020 0.22 023 023
HMEPRE/ [¢/ (L-h)] 099 1.13 125 1.43 1.36 1.10 1.20 1.29 1.28 1.16

BARHMW (mg/g THIK) 32.8 37.3 45. 4 28. 6 16.7 58.7 62.6 69.4 50. 8 42.5
BRASE (mg/g THIE) 0. 37 0.56 0.69 0. 85 1.04 2.32 2.41 2. 49 2.98 3.86
2.3 EHKEFTEHLI C. glycerinogenes H i & BN
2.3.1 EXRFEWBNHMABMEN. TFRESH, 7 C glycerinogenes Hil) K BETRE R,
BEREEFTEAEARBERKARTIEI R, ERHTEHEBUERFRIN SRR P
B FEE 2mg/L LIF . XRSH TEERA KATHATE, BaapE 3 miem,
FTEXRERATHARNGRAR, ns0ER. #ESEEAS,

TEEHEHRIAN, T C glycerinogenes KEELEY, @it EMP 245 HMP %

ERRGEESHEMH; X HMP 2 BEWNEHRE, F{UEE~4 A& NADPH, %)
ARy &R A AR AL IR R 7 SRBEH 1 mol B BIBE-6-BERIEE 1L K 2/3 mol RBE-6-B%
BN 1/3 mol H A% -3-BRR, [ % EMP 22 MHMARRE. BE M, &
RRIL AT LIS EMP 32 2 1 HMP i 2 2 RSB 415, S EmE T Limp
HMP #42 T #iE EMP &2, M1 MIEK2 oM, LitE QSRS A RISHE, Hm
MEERAF RIS R A ER BT R GRS — 5, Y1 122mg/’L £ %5,
SEFETHEER TREREN, SREREREAT, MF KH,POkERM, £
Y., HNREEEENAEANSH RN BT 2, M HmBhESRAYE
WREEZEH TR, MRASREME,; SORHRERRN, BRI MEH HMP &
£, Hxt EMP 22 B0/ RIREl. R, EEGERED, FE TR RN
W, BESEE (RESEREEZRM) RSN, it B8x HMP #4255 EMP
REMETINER S LEER, HMP REZRMEIT EMP 22 8R4, ERANEH
HREEEREFME., SYERFENAERARAKSEE, NTTHmELEAR TR,
MABHRERZ SIS FEH DR,
2.3.2 FREEMHMABEMER:. A TEEEREMASREFETREREREME
FTE 2g/L, HEEFEPBEREHRE, & RIEHFELBR = ENEYE Y TN
ARAARE, MEAKFELARI =44 RN ER XA E AL FERNLE
R B4, R2HEEHMERF-ENEMRZZ (ADCW) BEFREEREEERHN
BT R EMI AR T, SEEAEPANRERT AR, SHABER
I EETE (DCW) IEEXREEEHNEER (LE2),

B 2 AT, SRR PRRKAL /T 69. 2lmg/L B, ADCW {HisFE, K2
ADCW EAMM A, YEREPHREERT
122mg/LBY, RIMRENESEREERBGT 4
8 DCW 5ADCW HiZ XL, XIEH ADCW K
REEXKBRERFG R, MYEREPRHE
BT 122mg/LE, AMRENESEFRELR -
G4 DCW 1 5 ADCW iR A, XRHT 60 80 lﬂéﬁ{ég’(gﬁﬂ 160 180
FEREEZSE LY, EAEFRSARIERRE
FEHBRRT, BEERKZAME, ADCWH B2 ERREMWEERMER
Bz R, HE 2 B EAL, HFRERER T ADCW, e Dbew
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WAEARBMTREEN, B EREERFHEEN 16.87g/s; MYEXRKASRK
E—RELERN, BANERRERTFHBREMY 10.98g/g, TR, HEKRER
SREIAFH, C. glycerinogenes (RIEFIHIR RIENER

233 EXETHHEBARMNETHMEABROER: ATEEERKPRE TR
C. glycerinogenes KEEAL MM, ®IT T —MEBERE, ERTRERNRME
TRFEWZSI, HABFNARSE Butl, HABSRBE3. HEREE 96h 1, &

250 0 RS R 32 5y/L, BAAM. BAH
Lg 116 3 a R H A L3A 51 % 15. S4g/L, 88.53 g/L
280 |28 f040.24%, A SPGBy WABBERIET
g | 4 18.88% . 23.75% R 23. 3% . TR

04 ERRGEREERSEYE. HHmRAEL

S —— 0
O e E, BRRREAMNNEEE, HEKRAN,
o ML SRS R B, 5 B B HEEIL (W
e T ® R0, R, FARPYBIRRATE, TR
BT ety oy  AHGRNERE SELRAY. MY E
‘ ‘ LA R SR B H R P Kt R R

3 it

DR GHEFEMERBFEHATHERE,

SRR, FAREPHBE. RABMEITRELW C. glycerinogenes H il K BRI R B AL
EEABEFERSBERE, BIH M LRI RO HBEKEAE 122 mg - L
AT, ERFEBRATLAET EMP 42 5 HMP @ fe 2 AU A 4, (BT
SEREMREGIRE . SEEAEN, SRAOBEME IMP &£, WX EMP RIS
ERZM; HEEARN, BESEE EMP B, XL SHRERTRERE
w, BEEREEEN, E8BRRNETNARRIEEZ S BERENEARRNEEL,
Fi# EMP g BB0E , WA KBS, IRREGEREREAN, AEXER
HAR—MEENAK, EXRXTHMETRCRDDERSHUHOHEER, £
K IH b &

A
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