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Production of 2,5-Diketo-Gluconic Acid in Immobilized Cell Reactors. Bong-Soo Shin and Chul-Soo
Shin. Department of Food and Biotechnology, College of Engineering and Bioproducts Research Center, Yonsei
University, Seoul 120-749. Korea — For the efficient production of 25-diketo-gluconic acid (2,5-DKG) by the
immobilized cells of Erwinia herbicola, basic characteristics of 2,5-DKG fermentation were analyzed and a
process employing immobilized cell reactor was developed. The immobilized cells appeared to have diffusion
limitation, and a maximum production of 2,5-DKG was accomplished with 2 mm diameters of immobilized
beads. Long-term stabilities of the immobilized cells could be maintained by addition of 1.75% (w/v) polypep-
tone. Repeated batch fermentations with about 80 mol% of 2,5-DKG yields were carried out six times in
the fluidized bubble column reactors filled with immobilized cells at an aeration rate of 6 vvm.
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A9l 2-keto-L-gulonic acid(2-KLG)¥:  D-glucose
—2,5-diketo-gluconic acid(2,5-DKG)—2-KL.G2] 4 =8
A Ao o]sl] A Abe] 7HeElcH(1). ©1F D-glucoses
A 25-DKGE2] uhg tiAls= 7]Ee] AEFA s
tiA] 3 D-sorbitol—L-sorbose?] A3t oA S A&
T olem, B} a3 ol HEAIS $si 4= D-glu-
cose—2,5-DKG #1&F shA 2] b4 Salel] 33k o1
7} 87"k & 4 gloh D-glucosed 4 2,5-DKGE 2]
ke 3uhA] Wb o2 7} ubgof A4-8-3l= A4E me-
mbrane bound dehydrogenase® 4#{4 <lvi(1). v]
AE-S o143 25-DKG] 4 4+H& Katzenelsen 5(2)¢]
x]2-0 72 wEE Egle] B AR F Acelobacter,
Gluconobacter, Evwinias; 5 o|-8-& Aile] H3
gl9deh(3,4). Qazi 5(5-10)2 Gluconobacter, Erwinta?
WFE o] 43 25-DKG A ibell glolA] £-&4kAe] of
8k-%, Lazarus $(11)-& wbio] ofsfo] Afabxl 2,5-
DKG®] ¥A1%-& ¥ sksich Sonoyama 5(12)& 2,5-
DKGE M itsle Frwiniad; 472 54 tishe]
T3kl om, 2ehA| WA E o] 43le] D-glucoseol A 2-
KLGE AJ4kstdvh(13).
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A kel B AFE At o] E 93]
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2,5-DKG A 4H& dehydrogenase®] 2)%; 43} wk-g-o 2
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2,5-DKG A A #3539 Erwinia hevbicola ATCC 21998
< B A AHg-Eodch duloF vl 22 100 m/ 2]
Z‘%%?Oﬂ 0.2 g glucose, 0.5 g polypeptone, 0.1 g yeast
extract, 0.1 g KH,PO,, 0.05 g MgS04-7H,05-, & n)
z) 2] AL 100 ml 2] FFol 5g glucose, 0.6 g poly-
peptone, 0.2 g vyeast extract, 0.1g KH,PO, 002g
MgS04-7H0, 1.75 g CaCOs& Hr}ste] zA|3}e]om,
7z} wjx]e] pHe AdH 7002 zAsigdch w33}
TAE o] &g vhgol M= AW R] =4 F glucose,
polypeptone, CaCOuH8- 3 7}abo] ubg-of ol &-&}eich

oF Y A Ug 54

Aok 500ml A+ flaskol wiA|E 100 m/ 25
glod 121°Coll A 1577F HaF3h § Apawl X ol A FAl &
Halol HEsIgel ke 30°Cell 4] 240 rpm e g 15
AIZE 81A Ze wiokateich. B owjekd 500 m/ AMZ)
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flaskel ¥l 2| & 100 m{ E73}ef Hgh F vl ofol &
10%(v/v) A&Este] ezl 22 702 vl 4313
vl 3ts WEZE o]L3t wjeko A= 57 jar fermen-
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HFE 2 on-line pH 242 “’L.ﬁ.ﬂﬂzl A 5 pH
‘QLTX‘HGI CaCOz& FH7Vshr] ¢ H %3}9’153-

el 1miES #H3led ¥4]F-2{(Hanil Union 55R,
10,000 rpm, 10)8F 5 Ahso2 FA8ksivh HHEA
AE-Z F 2-keto-gluconic acid(2-KG)et 2,5-DKG+=
HPLCE o]&3}ed A=Fsieict. HPLCS] column-&
Aminex HPX-87H 300X7.8(Bio-rad), pump+> <3<l
010, detector+= R.L{Waters 410)& o] &3&}sich Al
}H olEAto 2= 0.02 N H,SO+E 0.5 mli/ming 4%

=2 Zith

Glucose 742 glucose oxidase-O-dianisidine me-
thod2 enzyme kit(ed5AehHE AM8-3kedx, gluconic
acid =% enzyme kit(Boehringer Mannhein)S At

£stadrt.

ragy | 7”3} £ "éi *ﬁ"‘*
- Ak 6}04(8000 rpm,
tmmm)@ﬁ%w%%éAM%w%%AOJanmmm
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Tris-buffer)z} 1:12] ¥]-&E 33 5, FAH7]E A
£3}ed 0.05M CaCli(0.1 M Tris-buffer)&-olol] 23} 4]
A T3] nAHIAA S A FZ3h ek Ca-alginate
AAE G AFE vl A7) e A E ¢
A3ted 2, 3 B 4 mm=E ZtZb A F3e] HEGo o] 83
At

2,5-DKG a2 4bel] B gk Abao] g1l 35
2] &Fed fluidized bubble column H}F-g-7}el| Ca-alginate
TR E wAE F3Ist] A E 3t oi(Fig 1). 4l
2FFEE7E 25-DKG Wa A ibol|l w|x|i= of3Fe] E
P A AE F2I3 fluidized bubble column
] el #2713 355E 2, 4 3% 6vwme = zH7}
A7 2,5-DKG A4bds vlwsteich A shatA)
ol A Ao Frol o2 A= AH A4 poly-
peptone 5% 0, 02, 04 % 0.6%%2 Z+z} HEA]H
2,5-DKG A4 -& vlarshsict
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Fig. I. A schematic diagram of fluidized bubble column
reactor.
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71 Zel glucose =€) 2 5-diketo-gluconic acid(2,5-
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ig. 2. Patterns of substrate consumption and intermediates
and product formation during cuitivation.
Cultivations were carried out in 500 m/ flasks. {, glucose;
B, g¢luconic acid; &, Z2-keto gluconic acid (2-KG); @, 2,5-
diketo gluconic acid (2,5-DKG).

Z72Ha A el gluconic acide} 2-KG+ #ra% 1% o] 519
o e 2 Exsiclzt HE 25-DKGE AFHE AL,
25-DKG 488 2F 75%(mol/mol)gict. o]i= So-
noyama 5(12)°| Erwinia®; 775 o]83sle] 9l 4~
&3 f-AFsio)

2,5-DKG A 4bel] gl 714 359 d8FS Arp| 7|

2 3led glucosegE 5, 10 % 15%= 27 WA A
‘:3}—%-—% T3k}, Fig 3ol 4 B wlepzte], 37 7]
A sl Fulgtd] oz} “E*ﬂ"@w"l &l = ol o,

2,5- K(; Aol A stAl AstElgdel w3 &27] glu-
cose TE7} =&4E2 25-DKGEE #H3bpgo]| sho}
Ao o] 4u)El glucose?) 25-DKGE.2] #31e) )
FA QST Zek HapabER i og s
whebs 25DKGEl E&Hel 44e glste) dAa ¢
A A go] o] Fojz)z 71A FEE 10% o|3txE A3}
ofob & Zlow 7ot

ul-2-o) A& ¥el utz} 25-DKGE E35H8F 7)e} o A
ARl ojsted pH7F F73| Welx|w, WA F& A
pH= &7] 7el4 5 o]3tx dolgr) FdHCEE
7d Aol #HAH pHeE 7001w pH 3.0 o]slelre
AQg-slx] ok WoumEdel(14). wheiad wka ] pH
5 o e ot B °i’1r el stod 25-DKG A ikl & o3
2 vz 7ew A7bzle] jar fermenterel 4] on-line
pH = A3d}ef| 4] 2,5-DKG A 4He- A& sksic) Fig. 4l 4]
Hi= nle} ¢te], pHE FASHA] o8- 2%+ 7AA
2] o4l 2 qlsle] 2,5-DKG =7} 1% o]&tgE W
Aol ony A AE2 pH 74 HAolsl o) pHE
ol 4] 2,5-DKG7} & Aibs=lsdch Zefvt & <1
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Fig. 3. 2,5-DKG fermentations at various substrate cocent-
rations.

Cultivations were carried out in 500 mi flasks. Glucose
conc.: O, b%; [, 10%; ~, 15%. 25-DKG conc.: @, 5%; A,
10%; &, 15%. Cell growth: * 5% <, 10%: +, 15%. %
values indicate glucose concentrations.
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Fig. 4. 2,5-DKG fermentations under pH-stats.
Cultivations were carried out in 3 / jdl‘ fermentor. Cell
conc.: 7, no control; . 1, pH 5; 2, pH 6; <, pH 7. 25-DKG:
®, no control; M, pH 5 A pH 6; @, pH 7. The media
did not include CaCQO,, and pHs were controlled with 6
N NaOH.

A4 TENoZ THALUE EPeti glenz
LA sEA W-27)e] ZeMel P24 online pH X
de ohih EA7F 2 ¢ eld) uaela] on-line pH &
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Fig. 5. 2,5-DKG fermentations at various CaCQO, concentrations.

Cultivations were carried out in 500 m{ flasks. Glucose conc. & pHs: &, none; {1, 05%:; A,

& cell growth: @, none; B, 0.5%; A, 1.0%; &, 1.75%.

HANA] 5A17F ool pH7} 33712 "o A Al
o] ZA A =7 of F-o]ch(Fig. 5b). vt CaCO, &
71 - aoye] pHrl 443 "oz 7& v
Al 4= qlslem, CaCOsg L75%(w/v) =#A Mgl
47 Ha FE71A] pHS5 ol4hS #3A% F ¢z
A 5ol ks o] Fe]Hr} =g 25-DKG A%
pH6% = on-line A&t 7 9-2} v]5=8}A o]Fo &}
mefd g3l el 25-DKG A& —rlEHH—“:- HH A A -
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nateel] A5 LA AT A S A 23}
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kg2 v w A A E gol] Q7= ukg9le] flask
af kel 4 FAEdonR wAHRFAS o] L3le] &
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Fig. 6. 2,5-DKG fermentations depending on different dia-
meters of immobilized beads in fluidized bubble column rea-
tors. Glucose conc.: ). 2 mm: [, 3 mm; ~, 4 mm; ‘-,
resting cells. 25-DKG conc.: @, 2 mm; B, 3 mm; &, 4
mm; ¥, resting cells, The concentrations of immobhilized
cells and resting cells in reactors were 20 g/l.

Table 1. Estimated values of effectiveness factors (1) and
Thiele modulus (¢) depending on different diameters in im-
mobilized cell beads in 2,5-DKG production.

Bead diameter {mm)

Parameter

7 3 4
0 0.40 0.31 0.28
0" 2.11 2.87 3.21

Vkilwlh‘! n= 3/(9[1 o tanh(p - 1/01’ "«P:“ R/3{Vtmtx/Km'Dvﬂ)”2 Vimetic
indicates the values obtained by free resting cells, and D.g
is effective diffusivity.

2 5-DKG concentration{% w/v)

0 4 8 12 16 20 24
Culture time(h)

&Sl O]F 2.5-Diketo-Gluconic Acid AAF 709

Aol EAste Al A FX|(maintenance)w %
83k 2]1-F59] shioltk(16). & A|vhzl kR ¥+
2 A AEg FAst Gl EA) 3= poreE 7
Hof el Exfst= A2 7)Aol A4 F9
ol A F3A == vbd, dobie] 2523
A S o8] A FAMe] FHEEch uehA
AL 4tolut repeated fed-batch F3 72 A7) 7o)
Z]io] 84 Ao WA Mg WS FA4H
A= - F 83ty aAAAE o]l &% 2,5-DKG
M Akel] il @Al FAl] FAFXE 93t A
H ke A IS 5ol Az #AHE
o] &gt 25-DKG AAkell Qlod wfz] HAagle] slu)al
yeast extracts ©] &&= 2% A3} A& mechani-
cal stability 5 °F3}AlA A7) swelling9rkE 232
(17)2} vhzatziz] 2 B 3o M x vlstA oAl =
A7 FEEE dAbe] A Jebsch v, E ol E
A 4%121 polypeptones ©]8-3 47 ©]2{¢ swelling
HAbol] IHAHZ] Fotrh upebA yeast extract-E A 2] 3)
polypeptone& 8] &AFXE g Ao o]
£.3}9] v, fluidized bubble column WH&-7]e} 4] poly-
peptone F 5ol ulE 25-DKG A28 Asd kot Fig,
7aoll A Hi= wle}zte], AARle] HEH HrixxA] oS
A5 2,5-DKG A4te]l A3 w9kev}), polypeptone

ol A F i MAke] o] Fo|Hch Fig ThelA] Xz ujs)
7o), polypeptoneo] 0.6%7+4] Hri=Elelxr 1A st
A W] fAlsEs HE FoRIA] el dAle
pore7} wh&] HFAg]= 7] Al o] internal diffusion ¥+
A zbslA] b HoR A2ty A-sFHgl dAHe] &4
FA7F o]l Fo A= AoE FutEH,

A3 S 32138 fluidized bubble column HFS
7ol Mz kel A & FHHEZ, F wWARMOE 5%
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Fig. 7. Effect of polypeptone concentration on 2,5-DKG production and cell growth in fluidized bubble column reactors

filled with immobilized cells.

a. Polypeptone conc: @, none; W, 02%; A, 0.4%; &, 0.6%. b. Immobilized cell conc.: ., initial; B, final.
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Fig. 8. Repeated batch fermentations of 2,5-DKG in a flui-

dized bubble column reactor.
The cultivated broth was removed at 24 h intervals and

replaced by fresh medium.

glucose, 0.6% polypeptone % 1.75% CaCO,, -F7]-&

H4% 6 yvwwme . repeated batch fermentationg
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aAPAE F A RS AR A3t 93-S vhE-sle]
ok 150 A7t A 63]9] repeated batch fermenta-
tionOHHE 7#H FAe] FARlE Y e 80%(mol/mol)
o]4te] o F&F 25-DKG7} A4kEddc) o= 7]
free cell a2 53 v]xgh Zlog Rl #
H2E B3l 4" og 25-DKGE A4ibshe 71&&
Aoz AA S84 e vsAdel ok A
zhxlc), h) Al A stel] wb & AW ] A o] diffu-
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fusion A7} VAF A, ol2lg HAL2 A9 A&
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