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Abstract

The production of gluconic acid from glucose by the resting cell system of Aspergillus niger was
studied. It was found that the conversion products from glucose by the resting cell system were markedly
influenced by the pH, temperature, substrate concentration, aeration, metal ions, cultivation time and
storage conditions of the resting cells.

Conversion products were identified as gluconic acid by the thin layer chromatography and infrared
spectrophotometry.

These conversions were greatly stimulated by addition of Mg**, and Sn**, but showed inhibitory
effects by Cu**, Hg**, Cd**, Ag* and cyanide. For the optimum cell storage, it was effective to be
kept at —25°C in (. 05M phosphate buffer solution of pH 7.0.

The gluconic acid production by the resting cell system was more effective than those of the fermenta-

tion with repect to cultivation time, yield, recovery and re-use of the cell.
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1 liter 4 2533 &, ¥xz 30EH 3¢ BHFA
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(% Z 5cm, 120rpm) ol 4] 30~35 5] 52 # Fig. 1
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Strain

i
Cultured broth
Ceintrifuged, 4000rpm, 10min

Mycélium
«—10.85% saline
Washed
l(——O. 05M phosphate buffer
Washed

Supernatant

Resuspended
in 0.05M phosphate buffer
<—Checked dry cell weight
Stored at 5°C
Fig. 1. Preparations of Resting Cells of Asp.
niger KUF-04.
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Calcium gluconate -2 Sumikit®, May’® %2

Sample from reaction mixture.
«—Known gluconic acid if necessary.
«—Excess CaCOs
Shaking, 30min on a reciprocal shaker.
Filt,ering
) 3
Ppt. Filtrate
<—-—H20
Washing, 3 times—
Filtrate -+ Washed water
<«—conc. Hcl
Boiling, 30 min.
—~Ammonia water

+3.5% ammonium oxalate.
Boiling, 1 hr.

Filtlering
! A
Ppt. (Ca—oxalate) Filtrate
«—1: 3H,S04 30m/. LDiscard.

Titration with 0. IN KMnQy, at 80°C.

Fig. 2. Analysis Method of Gluconic Acid®4®
with Modifications.
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Table 1. Recovery Test of Gluconic Acid in 1%
Gluconic Acid Solution by the Method
of May et al.

of Glogonis Add " | Analytical Con-
Sample (mg/mi)
Im/ 10 12.4
3 10 12.9
6 10 10.8
9 10 9.85
12 10 9.70
15 10 9.67
20 10 9. 80

* Calcium gluconate was purchased from Katayama
Chemicals (Osaka, Japan).
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Fig. 3. Time Course of Cell Cultivation to

obtain Resting Cells of the Activity.

—Cultivation for resting cell preparations
was carried out on a reciprocal shaker
(stroke in 5cm, 120rpm) at 28°C,
Containing I liter of the medium in 7
liter shaking flask.

—Reaction mixture contained 2% glucose
and cells in 15ml sodium phosphate
buffer solution per 300m/ E. flask.

—Reaction was carried out on a recipro-
cal shaker(120rpm) at 28°C for 8 hrs.

*Packed Mycelium Volume.

Infrared Spectrum of Calcium Gluco-
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Fig. 4. Thin Layer Chromatogram of Gluconic

Acid Converted from Glucose according
to Reaction Time.

—Reaction mixture: 2 % glucose and 15mg
cells/ml of Asp. niger KUF-04 in 15ml
of 0.05M sodium Phosphate buffer (pH
6.2), 28°C.

—Solvents (methylethylketone-acetic acid
-2% boric acid-9:1:1).

—Detections i) Hydroxylamine hydrochlori-
de saturated methanol solution neutralized
with methanolic potassium hydroxide was
sprayed first.

ii) Then 6% FeCl; in 6% trichloroacetic
acid solu tion was sprayed.
* Authentic gluconic acid (Shimakyu's
Pure Chemicals, Japan).
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Table 2. Effect of Carbon Sources in the Reac-
tion Mixture
Cabon Sciurces Gluconic Acid %‘Zﬁiﬁ?
(2%) (mg/mD) | A
D(+)-Glucese 17 100
D-Galactose 5.2 30.1
D(~)-Fructose 7.4 43.1
L~Arabincs: 2.7 15.7
D(+)-Xylose 5.2 30.1
Sucrose 12.8 75.2
Lactose 4.5 26.1
Maltose 5.2 30.1
D-Mannitol 2.7 15.7
Trehalose 4.0 23.5
Melibiose 4.5 26.1
D(+)-Cellobiose 4.5 26.1
Raffinose 8.5 49.7
L{+)-Rhamnose 3.4 19.6
Dextrin 6.7 39.2
L (—)-Sorbose 52 30.1
Inulin 5.4 31.4

i) Reaction was carried out on a reciprocal shaker
(120rpm) at 28°C for 7 hr.
i1) Cell conc.: 20mg/ml in 15ml reaction mixture.
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Fig. 6. Effect of Concentration of Glucose by
Resting Cell System (15mg cells/ml).

—Reaction mixture contained glucose and
15mg cells/m/ in 15m/ sodium phosphate
buffer solution per E. baffled flask of
300mi.

—Reaction was carried out on reciprocal
shaker (stroke in 5cm, 120rpm) at 28°C
for 7 hr.

* Gluconic acid yield
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Fig. 7. Effect of Cell Concentrations on the
Reaction.

Gluconic Acidggm

—Reaction mixture contained 2 % glucose
and cells in 15m/ sodium phosphate buffer
solution per E. flask of 300ml.

—Reaction was carried out on a reciprocal
shaker (stroke in 5ecm. 120rpm) at 28°C
for 7 hr.

—Cells were kept at 5°C for 3 days before

use.
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Fig. 8. Effect of pH on the Conversion of
Gluconic acid from Glucose by Resting
Cell System of Asp. niger KUF-04.

~—Reaction mixture contained 2% glucose
and 8mg cells/m/ in 15m/ sodium phos-
phate buffer solution.

—Reaction was carried out on a reciprocal
shaker (stroke in 5cm, 120rpm) at 28°C
for 7hr.

O—0:0. 05M sedium acetate-HCI buffer.

@—©:0.05M sodium phosphate buffer.

sk—3k : Tris~Hecl buffer.

@ —9:0.05M sodium phosphate-NaCH
buffer.
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Fig. 10-2 = rotary shaker (200 rpm) 3} reciprocal
shaker (120rpm)oll4] shaking type o w2 BES
HE Hmg AV rotary type o] K RS B
o)i= ¥ 6WE 29 A recipracal type & § A
7ko] AR et

F3p SRE O] A glucose = 3-E] gluconic acid 9 4
B OBE SEREE 2 BRITEY REREA HEe
u) A B opE A BREAE A FAHY
o}
7) 14 buffer FRELHE
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Fig. 9.

—Reaction mixture contained 2% glucose
and 15mg cells/m/ in 15m/ sodium phos-
phate buffer per a 300m! E. flask.

—Reaction was carried out on a reciprocal
shaker (stroke in 5cm, 120rpm) at 28°C,

7 hours.
~
£
0’20 - o °
£ o—
S| o
@]
< 15 o/
Q
S X
3 5 | /__x/x‘/
A —

2 4 6 & 10
Incubation Time (hrs )
Fig. 10-1. Effect of Aeration(I) on the Cniti-
vation Methods for the Conversion of

Glueonic Acid from Glucose by Resting
Cell System of Asp. niger KUF-04.

—Reaction mixture contained 2 % glucose
and 15mg cells/m! in 15m/ sodium phos-
phate buffer per E. flask of 300ml/.

—Reaction was carried out on a reciprocal
shaker (stroke in 5em, 120rpm) at 28°C.
(O—0O : Shaking culture, reciprocal sha-
ker (120rpm) 28°C(15mi/300m!
E. flask).

sk—:k : Standing culture, 28°C. (15mi/
300m! E. flask).
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Fig. 10-2. Effect of Aeration(II) on the Sha-

king Type for the Conversion of Gla-
conic Acid from Glucose by Resting

Cell System of Asp. niger KUF-04.

—Reaction mixture contained 2% glucose
and 8.3mg cells/m! in 15m! sodium
phosphate buffer per E. Flask of 300ml.

~—Reaction was carried out at 28°C.
O—0O : Rotary shaker (stroke in 5cm,

200rpm).

@—8& : Reciprocal shaker (stroke in 5
cm, 120rpm).

X—X : pH after reaction on a rotary
shaker.

X—X : pH after reaction on a reciprocal
shaker.

& P A 0.05M Q4 buffer & AHg-etg =
Y] Ichikawa®? S-o] E5882- FifEk glucose oxidase
TEMEe] A8k Wl A 1/15M  Ql4F buffer & ALg
T AL ki EBEe 499 #H"892 B 4 g
o},

8) CaCOjs ¥RIusIR

2% glucose & &4 st= 15ml Y REKNA A
7= free acid & F3she o) 0.52%9) CaCOs 7}
dastAgk Fig. 12904 ehd uhse} 3ol CaCO;,
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Fig. 11. Effect of Concentrations of Phosphate

Buffer on the Reaction.

—Reaction mixture contained 2% glucose
and 7.7mg cells/m{ in 15m/ sodium
phosphate buffer per E. flask of 300ml.

—Reaction was carried out on a reciprocal
shaker (stroke in 5cm, 120rpm) at 28°C
for 8 hrs.

—Cells were stored for 3 days before use.

Acid{mg/m)
2 @ 9

Gluconic Acid,@@/m
w

Fig. 12.
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Addition of CaCO3 (%)

Effect of . Concentration of CaCo; in
2% Glucose Mixture by Resting Cell
System.

—Reaction was carried out in 2% glucose
mixture containing 8.8mg cells/m! on a
reciprocal shaker’ (120rpm)at 28°C for 7
hours.
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Table 4. Effect of Mg** Concentration in the
Reaction Mixture

Table 3. Effect of Metal Ions and Other Com-
pounds on the Glucenic Acid Produe-
tion by Resting Cell System.

. . Relative
(1?%15 ey ) Gl&%%lfmd A"“g?)ty
None | 16.7 100
*CuSOy 10.9 65.1
CoCl, 16.6 99.1
MgSO, 18.8 112.6
FeSO, 16.6 99.1
MnCl, 15.2 91.2
ZnCly 15.3 91.6
BaCl, 16.5 99.1
SnCl, 18.4 110.0
Li,804 16.4 98.0
t+ HgCly 14.2 84.8
t CdSOy 14.0 84.0
NaMoO4 15.3 91.5
Na,WO, 15.8 95.0
t Ag:SO4 14.0 84.0
AlCls 17.4 104
+ KCN 14.6 87.4
NaAsQ, 16.6 99.1
NazB4O7 16.8 100. 6

i) Reaction mixture; 2% glucose soln. +6mg cells
/ml

ii) Reaction was carried out on a reciprocal shaker
(120rpm) at 28°C for 8 hours.

R EEEY calcium gluconate &) e B & fh
WEBFIES A AL + lov 2 BT
of HRI-EEE7L 2 gluconic acid BEEERES &
#o] bl EA 4¥-EF BT KR, 1L 3IXIM
gl A HEHRE HeEpA gokeh

10) Mg** BEHR

Table 3014 &Fol-&9 #FN A7 FRIA
Mg**& 1.3x107 M= %Nty &= (MgSO0,-7Hz0
2 i) Mgt K REMRE ngomz
Mgt o] BBRES BT &R 1~100mM
Mg** o] 2AAE 10~15 % {RENR7T BESR
on, o [ITY {EjEEEA % control o] H|jA
RIEREDES /1SS (Table 4).

4 RLEMES REGEHS BRE

1) fatF B pH 2R
ik Eel o % RESHRE ol S84 fk
LEBES R ke A FeAsnE kit

Mg** (mM) Glu&:rgréi/cm%cid Relativzz%A)kctivity

None 16.7 100

0. 0001 18.0 107.8
0.01 17.6 106.0
1 18.8 112.6
10 19.3 115.0
50 18.8 112.6
100 18.6 111.8

i) Reaction mixture; 2% glucose soln. +6mg cells
/ml

ii) Reaction was carried out on a reciprocal shaker
(120rpm) at 28°C for 8 hours.

—_ BN
G

N

5% 62 70 17
Pl
Fig.13. Effect of Various pH Used for Cell
" Retention at 5°C
—Reaction was carried out on a reciprocal
shaker (stroke in 5cm, 120rpm) at 28°C
for 8 hr.
—Cells used for test had been kept at 5°C
with various concentrations of pH for 6
days.

0O

Glucenic Acidmam)

Wi e FHnE pHol HeiA g
F (Fig.13), pH 7.0 §Z¢)4 5°C2 A%
o] iEfkol AL EHTh

2) B B buffer BEHR

RibEER HBF R B8 QABREE AET ER
(Fig. 14), <14t buffer 0.001~0. 05Mojj A& 3.
3 RESRE Yk
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Fig.14. Effect of Phosphate Buaffer Concentra-
tion on the Gluconic Acid Production
during Cell Storage at 5°C.

—Reaction mixture contained 2% glucose
and 7.7mg cells/m! in 15ml sodium
phosphate buffer per E. flask of 300ml.

—Reaction was carried out on a reciprocal
shaker (stroke in 5cm, 120rpm) at 28°C
for 8 hrs.

—Cells used for this test were kept for
5days at 5°C with the various concentra-
tions of phosphate buffer.

* Saline : 0. 85%.

3) RiILRRS] RERE BE

tRibE#RS FFEEd o=t o= A= 4AT
A& #Asr] A 5°C, 25°C, 37°C, —25°C
NA R % AAH o2 FHE BHE #E Fie
15), 5°C 4% B 5 3~5 U 5% 8 AR kol
gejRen, 25°C BF BE 3H ol F479
Yolzlm, 37°C fR1F B 1885 o] 3 A% iE:
o] wrobd 149 Fol ¥ Etkel At =¥
Y —25°Col4 1497 54 2EF A EHY
ot ddenz REHRE AL T3

Quld o 7 EHIE glucose oxidase & (Kol A
w$- A A o] ¥ WEo] 3°C oA Fdzt BE
st = k0] JATO g o,k HEE] A
L8 thilBERrl & gluconic acid HHBERES
BEHE 9 EFEM oel Sl Bk Zoh

5. thiEEM@e| BER KE
FINIFEAN AR Cell B9 Fig HEFs

o—o 5%

? o——9 -25°C
5 20] x—x 25°C
%
<
Q10
5
O
E 5
O . N \\‘x

l(lShq) 3 5 7 ]4‘

Cell Storage Rerjod(days)
Fig.15. Effect of Storage Temperature of Res-

ting Cells of Asp. niger KUF-04 on
the Gluconic Acid Production.

—Reaction mixture contained 2% glucose
and 11. 6mg cells/ml sodium phosphate
buffer per E. flask of 300ml.

—Reaction was carried out on a reciprocal
shaker (stroke in 5¢m, 120rpm)at 37°C
for 5 hr.

A gayeos WEE EE % KES K
fEoll A28 #F, Fig. 1614 2ol 339 RE
A8 0 2 glucenic acid JEEEEFR T EES B
A G ket

ze v 4dAE b BAor Dol seh o9 f
A3t EBR O 2 Porges?® (1940) & Mgk S48 A
Hl&sE Asp. niger o) BEMET BERS &8
%E Wil 9B A SO LE MY
ol WA BkEL B

Hatcher'® (1972)+ gl A3 Asp. niger 9
wlae o ol R wminglel 2@AR A
T4 g9vhm Yo 3EAE wHHEe BHed
BILAZ 7 S804 L8 F FEE Hhstd gle
conic acid IZEE 97.9% 7] & & Utz
g o

ol9} o] RE PropEES HERARS s
Ba) Asp. niger 7} Z+E gluconic acid WKEEEE
9 AL w$ & Aow BB

BEE hEEMATLel Kk HEE-

30L. jar fermenter o] 4] scale up 3}¢d, fRILEEE
o] 95t gluconic acid A£FES BT R, XE



E 0
= I8 T 9 e
£ 16 0
9n
10
£ 8
O o}
O
2 b
ORI}
Ist 2nd 3rd 4th
Freauency of Cell Re-use
Fig.16. Activity of Recycled Cells on the
Gluconic Acid Preduction by Resting
Cell System.

—Reaction mixture contained 29% glucose
and 11.6mg cells/mi in 15ml sodium
phosphate buffer per E. flask of 300ml.

—Reaction was carried out on a reciprocal
shaker (stroke in 5cm, 120rpm) at 28°C
for 7 hr.

—Cells used for re-use were washed with
sodium phosphate buffer (pH 6. 3) twice.

Table 5.

fermentation process.

?
e Caco.
N IR AT
5 120 pH
6 100 10]@
(%) 8 o
2 80 ~
© 60 6y %
= o
-3 40 Z, (8
!G 2 %
5 20
g o \‘\.

2 4 6 810 12

Reaction Time (hrs)

Fig.17. Gluconic Acid Preduction by Resting

Cell System in 30/ Jar Fermentor.

—Charge Vol.; 151, Aeration; 1 VVM,
500rpm, Temp.; 28°C, Cell Conc.; 23.7
mg/ml (DCW).

—0O—0O ; Gluconic Acid.
©®—@ ; Sugar Cohsumption.
O—0O ; pH Control.

10X Zv o] $EIRE S Hpste] gluconic acid 4
< AA oz B/maH = (Fig. 17).
Table 5% 30! jar fermentor o) A EEEER:} KL

Gluconic Acid Preduction by Resting Cell System was compared with the conventional

Conventional Fermentation

Resting Cell System

Reaction period (hr.)

17 10
Glucose %, Initial 10 10
Final 0.30 0.06
Ca-gluconate yield obtained, % 110.3 117. 2(W/W)
Conversion yield, % to theoretical yield 88.4 94. 2
Gluconic acid yield, gluconic acid %100 95.7(%) 101.96(%)
glucose added

Conditions;

Charge volume(}) 15/30 15/30

Enzyme source, seed volume 1.50(10%) mycelium trom 15/

Cell concentration in reaction mixture
Aeration (VVM)

Agitation (rpm)

Inner pressure (Kg/cm?)

(pH5.4 PMV 21%
17mg—DCW/ml)

1. 8mg—DCW/ml

cultured broth

23mg—DCW/ml

1 1
500 500
0.4 0.4



Temperature (°C) '28°C” 28°C

Initial pH 6.2 6.2

pH control CaCOs .5.0~5.5 ) 5.0~5.5

Medium used sterilized not sterilized
Cornposition of medium;

Glucose 10(%) 10(%)

CaCC3 3.1 3.1

KH,PO, 0.02

MgS04-TH0 0.1

(NHyg)2S0;4 0.02

gkl o &o] 453 calcium gluconate & [Elir
ahe] 7S WS B, RhEEE o9 glu-
conic acid 4z7E0] EEEEEEC vl A WERe] F2 K
RG] iz wvh weshd M 240 Qld
A st Zhaete, =3 Hise] FEEMC s
dPons FE EEEC el & Aoz 44
=}

V. & #

Aspergillue niger &) {RiEH#EE 93 glucose
ZXE gluconic acid ZgEe] A P HR
gluconic acid 4@ KIE pH, BE, XHEE,
BEIEM, &8 ions, (KL HRAERE 2 K
EREfElel whel ZA BEe Uryth

KBRS YA glucose ZFE HEd &
WS thin layer chromatography ¢} infrared
spectrophotometer o] 2]} 4 gluconic acid 2 #EY
Fgov, glucose X8 gluconic acid 4R IE
A= Mg, Sn**e iz REYDRE 13l
1}, Cu**, Hg**, Cd**, Ag® @ Cyanide & {HZ
HERE ek

thibEEER e BOBRE o2 0.05 M phosp-
hate buffer (pH7. 0) o] 4 —25°C {R77 B§7F A 52
E 3% ot

HRi-EEEE 218 gluconic acid AL MR
of Wle)A BEENECl Fxz Mol RiFstw,
B R T EE ¥ ook e RS dhEARgo
gt
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