SHAEFEHA ATH A2%
Korean J. Biotechnol. Bioeng.
Vol. 7. No. 2. 144—148(1992)

Az 143} Zymomonas mobilisoll )&+ sorbitol 34

21 s B B
3]

et Ear Akg]

-4 9 @
BESIES =

Production of Sorbitol Using Dried and Immobilized Zymomonas mobilis
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ABSTRACT

The purpose of this study is to develop a continuous process for sorbitol production using dried
Zymomonas mobills immobilized in K-carrageenan. The methods of glutaraldehyde cross-linking of en-

zymes in CTAB(cetyltrimetylammoniumbromide) treated cells immobilized in K-carrageenan showed a
stability for the production of sorbitol for 30 days of operation. K—carrageenan beads entrapping
permeabilized cells were dried to improve bead rigidity and storage stability. A semi-batch process with

dry beads was carried out and only a small loss of enzyme activity(less than 8% ) was observed during
72h. The value of Vmax for the dry K-carrageenan beads was found to be one half of that for free
cells. It was shown that the productivities of the continuous process with wet K—carrageenan beads and
dry beads at a dilution rate 0.1h™" were 3.4g/L-h and 2.88h/L-h, respectively.
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Zymomonas mobilist
tose?] B3-S 7R o] L3E}o] sorbitol?} glu-
conic acid® A 4= olcl(l, 2). Zymomonas
mobilisell 4 2] sorbitol 8 4-¢ glucose—fructose oxi-
doreductasesl] 2}5}od °‘°1L]ruﬁ a4 cofactorel
NADPe} 7hshA| ZAgksle] QJoh(3). mdh, o] &4
= glucose®} fructoser} 328~ cko 2 =g uf 2zt
ZF FfA 2] gluconic acid®} sorbitole] AY4ElIth
(3). ZJALZJO 1 thA}zk&0] O]oiL}‘" 7. moblllsﬂ]k]
= 4Eke) sorbitol?} gluconic acidg AAstar, A
A= gluconic acid= gluconate kinaseol| 2|3}
olAt3}7) deofi}lm Enter—Doudoroff pathway S 7]
7 ethanolo.2 #A3xti(4). e, tolueneo|r}
cetyltrimetylammoniumbromide(CTAB) 50 2 Z-
ymomonas mobilisE *2]|3}9-& w, sorbitols} glu-
conic acid 9] o] £7}g|glgo] B Az} 5o 23|
HuEoh(5, 6). Zymomonas mobilisol 41 2]
oxidoreductase Aol = cofactorel NADP2| A

sucroset} glucose?} fruc-

o] 7=}, oxidoreductases} NADP7} o}z 7))
Al Agsle] glerng gxute] Fapie] Zrlsef
5 NADP9 f Aol ¢lom ule}r oxidoreduc-
tase?] BAE epdch AAE FAde] F7i%
Zymomonas mobilisel| 4= ethanolo] 72| A%
btk dubHo R wAst & AaukSol A gelol| £
gt E-alxuo] Agte R free cell®r} v kinetic
parameter& et el ¥ AHANA A E
2 K-carrageenane] A3 3dlo{x  enzyme
activity = H]Iﬂﬁ}] B A free cella} §-418k A}
E ebdrh(6). o]i= K-carrageenang o]&3gh
immobilized systemOﬂH 7o) FA Ao Agho|
-84 o3l Aolrt. CSTR(continuous stirred
tank reactor) ¥} packed beduh-g-7}el 4] 258! o)At
o] 49| oS et

B el e 24 nAshdel )& sorbitol 4
9] kA& FrhATa n AR SAE AT B
Z3}7] g8le], #AE K-carrageenanol| 3733 }fi
F 7A72A17] beads®] sorbitol Aol tiEle] X¥3}
Adch
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AHE gl oy
ARBTE W x|
B Ao AR FF= Zymomonas mobilis
ZMA(ATCC 31821) % Al-gaodut. o] F52] ujjof
of AHg-% Wi x= 100g/L glucose, 1g/L (NH,),
S0, 1g/L MgSO0, - 7TH,0, 2g/L KH,PO,, 78]x
5g/L yeast extract(Sigma)E A-4-shic}. 7o) uf
& 2Lgge) MET)E olgdtdon, &5 30¢
pH5.09] @7]2el 7o) 4] wiokslolct, w)E 74
o S sl A A FodA|al, QlakslE F7)
Akl A sl $lske] )algale)
phosphate ] H71& #jgksl g},
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Z. mobilis ZM45 114381 7) 9ated 20|17 A=
AL ek S A Aol QAR e 54000
rpm). wfefed 1Le) 0.2%(v/v) CTAB&H(0.1M
potassium phosphate buffer, pH6.2) 41mL= X7}
F 4CTAA 1087 23 & dalie] sholc). o
7ol ©}A] 0.25%(v/v) glutaraldehyde &4 (0.1M
potassium phosphate buffer, pH6.2) 10ml& #7}
F 4TNA 1087 gk 5 dA1Ee shgdon,
0.IM potassium phosphate buffer® 23] ) #stg
thoolejd Ao Fiio] 2w w2y A
13 — 14g(wet weight) & 100mL <) K—carragee-
nang-4(3.2% (v/v)s} £33 %, bead s 214}7)
$13ked 20g/L KCl2} 0.15g/L CaCl, EF4H(0.
IM potassium phosphate buffer) 500ml.s| FAL7]
5 AHEEte] "ojmglo 2 29% beadS olgu).

S0l s AdelA 159, 259 tAo R 3
Az stodeh o] wlo) LrE 20T Yy AgE
60% Hrt. AZ 3} T head ) 719} Hay
She SAsklon, A2 F9 Feta 104C)
A 24AZE AEYS g Fakg For fe
Fepusts 2A4slod). AxZeYs sFoe & &

B oot e Aoz Pabgut.
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A of2 free cellst A ZA) (wet
bead, dry bead) ] A&o) AL2F Hbg-7)= 5)3a)
TANAE 250, 500mL-E7]E, eIET Ao
CSTR (continuous stirred tank reactor) ¥} packed
beduh-&-715 Algstodon, 7|2 falo 2 50g/L
glucoses} 50g/L fructoseE§-4 Mol beade] 7
A& F7H1917] 1kl 0.4% CaCl,2 H7)shed A}
Satgdeh. 71Adgee 100, 200mLE kgt
pHEAS $/8te] 2N KOHE A}43}e] pHE 6.2%
TrAERdeh Hhsele] ex - Amtulz)e 39CE
frAlstd e, d4gAeae) ser= 0.1h 'S
frAletdrt. Packed bedubg-7]o 9] 711e] g
& SEe HEE olgsle 1000mL/hE x5t
o} Column®] &%= water—jacket 2 o]&3}o] 3
A g0l 39T E $-x)5}qdxl).

HISET AT £X

BEA wE7)ell A9 free cell, wet bead, dry
bead ol 2gh sorbitol A 4 #] 9] Foube- v (V-
ax) ot W44 (Km) & 2438}17] 9Js)e] 7|2 gof
100mLe) ex& 20, 30, 50g/L(%29 glucose+
529 fructose+0.4% CaCl,) o & Walsld A 4
7 Fekell W sorbitol A4 FHL ZHsl9lom,
AAEe A7t b2 sl 714707} Ao w sl
© A& 7893, product formation rate(g/L—-
min) 53} 7| A% % wstele] #AE Lineweaver
—Burk plot&tgict. ukg-od e pH6.25 428k dc}.

X bead?| £:5}(rehydration)

HEAFAA AR beadd $3HE(20, 30,
40T ) Hstel M g49 FHES 2457 s}
of, 27 < A%& bead 4.2mLE(F ke
1ILE zA4ststglcl) 200mL 7]1" oo "ok &
A S o] f3te] wHlslglom, 304 Eqko] w
g Foll vhE- 258 39CE 23 F 2427k w2
sorbitol Y 4& FAs}eir}. uksole pHE.2Z ox]

aoich.

S gk

Sorbitol, fructose, glucose] AHeks 23l
HPLCel  ojgh #4pbys akgsbsdcl. HPLC
(model Waters R301)«j] BioRad(Richmond, Calf.,
USA) Aminex HPX-87C column& Ab-g-alod
FHL Shto] e 2 WA sl we
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o 10mL& %/‘J%E}MOOOrpm)S}O% HERg #Hg
ke BAEke HrlgE & B5ulA 80T oo R
3087k wpHstelh. Al opAl g F &45)
g o]lews4A(SKIB:WA30=1:2)% #7}5lo
vortex & &3t %o o37}(0.2 um millipore filter)3}
o}, FeAR brixE 243 § HPLCE €5 ©
£3to} 2 brixelst2Z 34lste} FA3edrt. HPLC
e g5ce £ui2 0.6mL/ming) =2 FF3}
odt}. Kinetic parameter- beads®] ¥-3& A 9jg
uhS- galo] B3| 7)o 2 AAbslodrt. Free cell
o] #FAEEY AL Ax7)e4 104TCE 2447

Fok 2% F FAsklo
A B a2

Bead?| =X

BeadZ 71%39le 74$ EFo] 7tastale
m £8k bead? 7z o] Zrtstaick(Fig. 1), 25
ol Eaobk 20T A ARAZ] beadol| 4 wet bead
o} w)sted 90% 9] Fekztael oF 88% 9 H-3|zt

27} r}ilg]tﬁl:} 279 Zq} 7 &xlal bead/] T

ek AxFgs 71Eo2 11%9) 7E 3 vﬁ}
I 9}0 741 bead & ©]-8-3}o3 24/‘] ol 33
ahEgh 5RgAel 4] 7247 $9) bead A7) 18

—ommz, 9 A9 A2 bead(1.2-1.3mm)2} H]
FTA) eF7ke] =717} sladch(Table 1). Wet beadol
Ao A AABEe 92% A%, AE beadolAw Hb
& % 24, T2A7F Foll 27t 85%9} 78% 2] 7|HA
S B}

Fig. 1. Photograph of the wet beads, dry beads(Oh and
72h).
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Table . Comparison of physical states wet and dry
beads.

Wet beads Dry beads

Paramerters . . .
24h reaction 24h reaction  72h reaction

Beads size 2732 1.8—20 1.9—21
(diameter:mm)
Total bead 35 14 15
volume(mL)
Dry bead/Wet bead 1 0.4 0.428
(v/v)

Ag wub7|E o|dsled ApAEiE wRbA| dry
bead &) uF-2ol A= wet bead®} HliE}o] bead e} Tt
o7} Ao 2 Hglrh. A% beadd o4 I
Tl A 244 & F ke s AAE A2
71Ae 233eS |, specific initial production
rate= 13|, 23], 3304 z+7+ 1.82, 1.41, 1.19(g.,
wio/2 ) Gom, fructose] sorbitol 2 9] Z¥H§
2 28 540 FAL 33 wE (72417 Fele
22% 9] 7}a% iepdlodck(Fig. 2). o7 wet
bead & o4 ahE| ¥4l FAo o3t 335] b AlY
°ﬂ’\1 40 8A4o] T1%7HAadk AZ(7)e} Hluws)
a u.}] dry bead = olﬁ.s} 7:!,,]. 1:-] o o}ﬂ/ﬂ
vehy o). o]ygk A3 dry beadE o] 88 ukS
oM, beadel ZHaAe] Fpsta wlaA A
bead$-0 2 F49 F&0] HUSS Yujgtt.

FU

l

50

40 |-

30

20
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‘s 1‘0 lyﬂ zlo 25
TIME(H)

Fig. 2. Production of sorbitol in a batch process with
CTARB treated cells of Z. mobilis. Three cycles of a
batch process were carried out with dry beads at
397, pH6.2.
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Table 2. Comparison of kinetic parameters of dry beads
at various rehydration temperatures.

Rehydration temperature('C)

Parameters
20 30 40
Conversion
efficiency(%) 64 70 68
Specific initial 0.6 0.62 0.59
production rate
(i)

SAAY A P EAo)
S HRE A, A4 T (Vmax), Ao 23}
A (Ks)oll AAAel 8kS Fn 2 beaddl A|A
2 1.00— 1.15mmo)ake] Eoha shalch(8). olaiar
&) 4} wet bead(2.7—3.3mm) < 2347 Azs
o] 217 1.2—1.3mm%] =& bead & wHEc}.

M3} rehydration) x2| A&t

257t 20°Colx] AZRE bead 4.2mLE 10%
(v/v) 71A&N(glucose 50g/1+fructose 50g/1) el
A uhg 3lglrh Bead®] 2%ol wpE 34848
wal7) glste] zkzt 20, 30, 40T oA 3087} au
slelom, o] we] specific initial production rate
9} 7)H 2] H38-& Table 24 vebhgic).

24%)7} %29 bead®] X3 4.3¢]4 12—13mL
2 Z7slela, 2 1.8744 95—10.0ge 2 =
7}eksdct. 2= beadd] WHE & 39CE 3o
5 Agsdr.

Packed bedit27|2} CSTRE 0|88+ HHHQE

7% bead®| A&FHAUHEL, wet bead s o] 43
A& uokF A A& 4 glucose—fructose oxidor-
eductase] tAAe] 304 ol FAHL 29 o]
ol okAdH whe AlE FABIZE(6), 7Y oA
dasta) odokrod, ojx 3dA9 AnE o|4s}
of S veplisict. 3845 0.1h "ol A wet
beade} Ax bead2] AL z}zt 3.4, 2.88g/L-h
£ 29ch(Fig. 3). 714 &9 200mL(glucose 50g
/L+Fructose 50g/L+0.4% CaCl,) Zoll4 fruc-
toseE 7o 2 & of ukgof o]&EA ke 7]A
Ll 30—-43%(v/v)elytt. 7% beadE o] &3
sorbitol kel A=, dwkH e CSTRE o4 o
% uh3o) Al Apsatle] 571] Sf3F beade) 3}3]
2 qlste] F49] conversion efficiency7} 7t 4T
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Fig. 3. Production of sorbitol in a continuous process
(CSTR, packed bed reactor) with CTAB perme-
abilized cells of Zymomonas mobilis immobilized
in K-carrageenan. Permeabilized cells were treat-
ed with glutaraldehyde prior to immobilization.
Continuous process was performed using wet
beads and dry beads in 50g/L each of glucose and
fructose at 39°C, pH6.2 and dilution rate 0.1h™"

16 # Dry beads
© Wet Beads
€ Free cells
- 12 D//
\Z\ Vmax =4.47 X 10 ‘M/min
£ Y Km  =0641 M
= sr Vmax=7.44x 10 *
k4 Km =0.398
=
= 4}
Vmax =8.46% 10 "
/ Km =0.394
g L 1 ] Il L
—4 -2 0 2 4 6 8 10
1/5(1/M)

Fig. 4. Lineweaver-Burk plot of data obtained from free
cells, wet beads and dry beads in a batch process
at pH62,39TC.

o uksle], 7% bead® 0|4 o
bead 2] #}2)7} 79| ¢lalct.

=)
"'oxo-{

TRl A 7]1A sx #Hsle] pE F40
A48 &Aslo] Lineweaver-Burk plot43= Fig.
4e} 7},

Free cell, wet bead, 7= bead? Kmgre z+z}
0.394, 0.398, 0.641M o]glar, o] W9 Vmax: 8.
64X 1073, 7.44x 1073, 4.47x107* M/min%ch. 2
Z beadol4]2] Kmz}te free cell#} vlarsfoda] <
L6w] A® & ¥hw, Vmaxghe 24 le}. o9}

g

o
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Table 3. Comparison of Kinetic parameters for free
cells, wet beads and dry beads.

Kinetic parameters Free cells ~ Wet beads  Dry beads
Km(M) 0.394 0.398 0.641
Vmax(M/min) 864X107°  744X10°  447X107°
Vmax/Km{Min ™) 0.022 0.019 0.007
R’ 099 1 0.95

7o AR F43AS Fo| dojub= glucose-
fructose oxidoreductase®] &4, 1A E cellol
Ko o)A ATY 7}, beadZE Fo EEA
S ofej7A] QAtellA TlEE Ale® Sttt
uk-2o)| 41 2] Michaelis-Menten’~&- Table 3ol +}
elfjsich. W) AL Hrlske ARE AR
o] A (RS AHgstgl o, R*9 gho| 1o 717t
52 e Anr} Fulsi wkbgel o] &3 Z.
mobilis= cell broth 1L& ol&3tgen], o7& 7
zgAE 3.2g/Lel| gt

Vmax/Kmul]& 7|2l g a0 3swe 3
o277 2 4 glom free cell, wet bead, dry
bead®] 20 2 ehteh.

2 o

25 Ade] =718l Z. mobilisE K-carrageenan®.
2 A3E A% beadsE o]-838}o] sorbitol i
QIR At AF AYPE st FHAE F
7}A)7] F#e K-carrageenan© @ A3} 3}of 4
A4 EAS AAE A} G40 gk Ae] 30 o]
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x<&5gich. K-—carrageenano @ wA3E ¢AE
AzA) bead®] AT AGA ) FAE A} A
bead & o} 43+ 72217k} whE|HA] FAANA FA &
Heo] it 8%9om, AR beadol A} Vmax

o 399} pHB.2014 free celle] 719 Aubgte
Uehgigdeh, dA%FAC A 3XEE 0.1h'd df
wet bead®} A% beadol| 4] sorbitol 4+ 7+7}

3.4, 2.88g/L-hE vjeheict.
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