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Abstract — In order to maximize the riboflavin production by a mutant strain Ashbya gosspyit,
the optimization of medium and fed-batch fermentation were performed. As carbon sources, glucose
and soybean oil were necessary for the riboflavin overproduction. Optimal concentrations of glucose
and soybean oil in the flask cultures were found to be 3.0% and 0.5%, respectively, in a complex
medium containing corn steep liquor (CSL) 1%. Among the various organic nitrogen sources tested,
CSL was the most effective one both for the cell growth and riboflavin overproduction. More
than 1% concentration of CSL, however, was inhibitory to the cell growth and riboflavin production.
Glycine and glutamate at each 0.5% concentration stimulated the riboflavin production. The ribofla-
vin concentration was reached to 54 g/ in the batch fermentation with the optimized medium.
The riboflavin production could be enhanced upto 6.8 g/l through the fed-batch fermentation emplo-
ying continuous feeding of glucose and yeast extract.
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Takh - srons of culture media used for A. gossprii culisvaiion

Cogno g st Medium [ Medium I Medium [II Medium IV

Couense 2.0 3.5 5.0 70

Yeast extract 1.0 1.0 10

Bacto-peptone 1.0

CSL 1.0 2.0

Soybean oil 0.5

Glycine 0.5 0.5

Glutamate(MSG) 0.5 0.5

NH.CI 0.2 1.0

KH.PO, 0.15 0.5

MgS0,-7H,0O 1.0 .10

ME 2 rpm, &% 28C, 7155 05 vwwmosk wljekstgich
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8-38kgd o, glycine, glutamate(MSG) % 7]e} dF+
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Table 2. Effects of glucose on cell growth and riboflavin
production in the flask culture of A. gossypii

Glucose Dry cell Riboflavin  Yxs'  Yes'  Yea!
(%)  weight(g/l) (g/1) (g/g) (@ (&g

0 5.1 0.5 — 0.07
2.0 85 34 045 018 040
5.0 85 3.1 030 0.11  0.36
7.5 8.3 0.4 023 0.001 005
10.0 7.1 0.3 016 004 004

'Yys: g-cell mass/g-glucose consumed

Yps: g-riboflavin produced/g-glucose consumed

Yrx: g-riboflavin produced/g-cell mass

*A. gossypit N-461 was cultivated for 72 hrs on medium
I (130 rpm, 28C) in which only glucose concentration
was varied.
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Fig. 1. Effects of glucose and soybean oil on cell growth
and riboflavin production in the flask culture of A. goss-
ypii.

Culture conditi:'rs are the same as in Table 2 except
for glucose and ExDYbL.dﬂ o1l concentrations.

25, cell mass; @, riboflavin
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Table 3. Effects of organic nitrogen sources on cell
growth and riboflavin production in the flask culture
of A. gossypii

Organic nitrogen Dry cell Riboflavin  Ypx

sources weight(g/l) (/1) (g/g)
CSL(0%) 4.2 0.33 0.08
CSL{(1%) 8.1 2.80 0.35
Cotton seed(1%) 12.3 2.56 0.21
Bacto-peptone(1%) 4.9 0.15 0.03
Casitone(1%) 9.3 0.10 0.01
Corn gluten meal(1%) 1.9 0.10 0.05
Bacto-soytone(1%) 13.4 0.16 0.01
Molasses(5%) 15.2 (.60 0.03
CSL(1%)+ Gelatin

hydrolysate((.5%) 6.5 2.50 0.38
Bacto-tryptone(1%) 10.0 0.20 0.02

*A. gossypii N-461 was cultivated for 72 hrs on medium
I1 (130 rpm, 28T ) in which only CSL was varied with
different organic nitrogen sources.
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Fig. 2. Effects of corn steep liquor(CSL) on the growth
and riboflavin production in the flask culture of A. goss-
ypii.

Culture conditions are the same as in Table 3 except
for CSL concentration.
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Table 4. Effects of glycine on cell growth and riboflavin
production in the flask culture of 4. gossypii

Glycine Drv cell Riboflavin Yo
(%) weight(g/l) (g/D) (g/g)
0 7.9 1.0 0.13
0.1 7.6 2.3 0.30
0.3 8.0 3.1 (.39
0.5 8.1 3.0 0.43
1.0 8.2 2.6 0.32
2.0 8.3 2.0 0.24
3.0 8.0 (.8 0.10

*4, gossypii N-461 was cultivated for 72 hrs on medium
IT (130 rpm, 28C) in which only glycine coi entration
was varted.

Table 5. Effects of glutamate on cell growth and ribof-
lavin production in the flask culture of 4. gossypii

Glycine Dry cell Riboflavin Yo
(%) weight(g/l) (g/]) (g/8)
0 5.6 1.0 0.18
0.1 6.2 1.3 0.21
0.3 74 2.8 0.38
0.5 7.8 3.0 0.45
1.0 8.3 3.0 0.36
2.0 10.4 1.0 0.01
3.0 7.6 0.5 0.07

*A. gossypii N-461 was cultivated for 72 hrs on medium
IT (130 rpm, 28C ) in which only glutamate concentra-
tion was varied.
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ducnen (®), and glucose consumption (_MJ) in the batch
culture of 4. gossypii with medium IIL.

&to] = ¥-1] 312 3|84 Wa & FYskeirt Fig 3
of| A2} 7o) HEE. X 7|oll& vl okAjike] Aol ute
T4 ZA13) A riboflavine] P A E%1 2, ribofla-
vin A A& 2447 Foll A EAo] TR FH A
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Aolch jhH, A2 S el w9 FAE
7122) 4~wdrel glg-glucose/g-cell-hr)e} A% 2]
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Fig. 4. Time courses of cell growth (O), riboflavin pro-
duction (@) and glucose consumption (71) in the fed-
batch culture of 4. gossypii.

The arrow indicates the time when complex medium
IV was fed at a flow rate of 6 mi/hr.
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2l Hoboll 28l riboflavin A &HAl &A1& 100
]7&77}»"] ZA1 7Y A A7 - 9l em o)e) &4 ri-
boflavin A% 7 AMAJA|7le] o 3}gjo] 2 E 6.8
g/[2] riboflaving A4 = ofgich

ofm| At BA A S glycined t}EEF ] ofr|:
Hol w24 4ArEgen olu|yil & a-kemgluta-
mate(C; Unit) 2 #3tx]= oflv]’n4l FF{proline,
glutamate)7} #e] A w=dc) =8 714 24 A
2} propionic acid, lactic acid, iso-butyric acid % su-
ccinate”} R Hol| Eafdtl 2w o] F iso- butyric
acidv= ™2 F7]4kell Blsle] W EAZF Aol ule}
dA8kA F7bsteici(data not shown). o2&k ofn]
AR #-7]4ke] d A S A2 riboflavin A Abel] 1] A&
W T AAIEE A osl HEmejof 3 A

1% 1

C):} ...L..Z-l

-‘CL

c-]f* o] AMZHE X3} yeast extract?] A<
Mol FgF-2 riboflavin® 8% Z7}4]7)Aut A4
55 15g/l oA g &7 A9l 23k & ribof-
lavin®] 85 & A 7]7] Q= FAll s
7P 27395 A 4 Qo o)#d A2 A gos-
sypit Gdﬁ‘—-BH k2] rlboﬂavm A AFctA)| o ‘Ed" 24] =

Ay
5
v ﬁ-z-]]./] %E?} =& = r;boﬂavm "T'“é""]

Kor. J. Appl. Microbrol. Biotechnol.

F7kehe

shown).

MEYHE & %

olsdtidata not

2 o

2 Al M Ashbya gossypii & o] &% v]e}w] B2
(riboflavin) A Atef] glodrf ulGuf) =] 2] 2435 23
AN EE=FH dFH), #71 FAU(CSLeY) 8%,
A3 (glycine % glutamate)?] °3&-8& 7 E3lodc)
g AT 23k wjokS %3 riboflavin A
i BAE HE forA eleke alElsdc) H A
el R 2] 'Aagle 7]A A E & o qle 3%
¥y 05%2 588 A83 o 23] riboflavin
iSRS ik $7) Aoz
corn steep liquor(CSL)7} 7}3F Fto.m], 2= CSL9
S5+ 1%%ith Riboflavin AgHAde] H-FH]Q1 gly-
cine¥} glutamate= wjek Z7)o] 05%2 r}sk=
71o] riboflavin A Akell 7}AF E9kr}. M X 9) riboflavin
A 248 AN FAA7 L 79 e w v
%E 9l Exw3} yeast extractZ FAIE B-Fuj
;(]E Oi-i,"l‘i_ﬂ.i :,:r__:?.g}_ O }_M ul_ig_ @-ﬂr I’:E,].)-uﬂ
B 9H3.5 g/ BTt oF 100%, LHFEEE o]83l 3F)nA
A4 g/DHBT) oF 20% A 6.8 g/19) FHE ribof-
lavin 4k S Ao} o)ike] Az RE| vHAg
Azl 2 Ha o ok A(E5] vlelnl) 334l CSLe]
5]31}33}% 5 AHE 53 fU7P] 2iae nxx
} riboflavin A 28§

0% A1 7 912 Zleg g

I. Perlman, D. 1978. Vitamins. pp. 303-326. In A.H.
Rose (ed.). Economic Microbiology, Vol. 2 (Acade-
mic Press. London).

2. Pape. H. and HJ. Rehm. 1985. Vitamin B.. pPp.
127-132. In HJ. Rehm and G. Reed (eds.) Biotech-
nology. Vol. 4 (VCH, Weinheim).

3. Pteifer, V.F. FW. Tanner. and D.H. Traufler.
1950. Riboflavin by fermentation with Ashbyva go-
ssypit. Ind, Eng. Chen 42 1776-1781. |

4. Hickey. RJ. 1953, Sonic nutritional requirements
for biosynthesis of riboflavin by Eremothecium
ashbyii. J. Bacteriol 63: 27-33.

5. Demain, A.L. 1972. Riboflavin oversynthesis. Ann.
Rev. Microbiol 26: 369-388.

6. Perlman, D. 1979. Microbial process for ribofla-



Vol. 21, No. 6

10.

11

vin production, pp. 521-527. In H.J. Peppler and
D. Perlman (eds.). Microbial Techrnology, Vol. 1
(Academic Press, New York)

O'zbas. T. and T. Kutsal. 1991. Effect of growth
factors on riboflavin production by Ashbya gossy-
pii. Enz. Microb. Technofl, 13: 594-398.

O'zbas, T. and T. Kutsal. 1991, Effects of agita-
tion and aeration rates on riboflavin fermenta-
tion by Ashbya gossypii. Biotechnol. Appl Biochem.,
13: 97-105.

Association of vitamin chemists. 1966. pp. 147-
168. In M. Freed (ed.), Methods of Vitamin Assay
(Interscience, New York).

Choi. D.K.. W.S. Ryu. B.H. Chung., S.W. Nam,
and Y.H. Park. 1992. Production of L-ornithine
by citrulline auxotrophic mutants of glutamate-
producing bacteria. J. Microbiol. Biotechnol 2: 102-
167.

Lago. B. D. and L. Kaplan. 1980. Vitamin ferma-
ntation: B, and B, pp. 241-246. In M. Moo-

12.

13.

14.

15.

621

Young, L. Vezina, and K. Singh (cds.). Advances
in Biotechnology, Vol. 3 (Pergamon Press, Toro-
nto).
Cejka. A. 1984. Preparation of media, pp. 631-69%.
In H. Brauer (ed.). Biotechrology, Vol. 2 (VCH,
Weinheim).
Miller. T. L. and B.L. Churchill. 1986. Substrates
for large scale fermentations. pp. 123-136. /n A.L.
Demain and N.A. Solomon (eds.). Manual of In-
dustrial Microbiology and Biotechnolgy (American
Society for Microbiology, Washington D.C.).
Tanaka. Y.. H. Tanaka, S. Omura, K. Araki, and
K. Nakayama. 1981. Magnesium phosphate sti-
mulaie microbial conversion of glycine into L-se-
rine by release from regulation by ammonium
ions, J. Ferment. Technol 59: 447-455.
Hammes, W., K.N. Schleider, and O. Kandler.
1973. Mode of action of glycine on biosynthesis
of peptidoglycan. J. Bacteriol. 116: 1029-1053.
(Received October 4, 1993)



