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ABSTRACT

Saccharomyces cerevisiae was immobilized by incubating iron oxides with calcium alginate, and by
polyacrylamide entrapment to use repeatedly for the conversion of glucose to ethanol.

Magnetic and non-magnetic immobilized yeast and polyacrylamide immobilized yeast were com-
pared with the native yeast a batch-fermentation of ethanol from glucose. Three kinds of imm-
obilized yeast tended almost identically, having ethanol productivity as well as the final yield abo-
ut the same to what was found for the native yeast.

The long-term operational stability of three kinds of immobilized yeast were significant differ-
ence according as immobilized yeast activation or non-activation before ethanol fermentation. In
the non-activation they lost their activity of fermentation rapidly in the beginning stage an slower
at a later stage. On the other hand, in the activation with nutrient media, their activities were
increased to some extent and stable in the later stage.

The cell count of three kinds of immobilized yeast after activiation by incubating nutrient media,
increased by a factor of about 45 to 48, whereas the fermenting capacity increased by a factor of
174 to 178.

In the prearation of immobilized biocatalysts, magnetic matter does not seem to have any ad-
verse affect on the properties of the microorganism. The immobilized biocatalysts by utilizing
magnetic matter have some advantages, especially in application of viscous media or insoluble par-
ticle-containing media, for this work was linked with microbial utilization of environmental wastes
and elimination of envirnmental pollutant,

—120—



I.#% W

B R ool RUME L5X4H 4
4% Bz 5 Jx gk 4% E%
FAA Ve e BIEBROIY HimRe FAAA
of dele] A aRMEH WEHe 57 ol
Z3 Ut olEE A AVIEFAY e HEHS
FEBSAY BE37] 9% d7E 197089 ]
F e o] S| Al ulel AERE
7t AESEAMRE go] s o Ko} 13y
olz{ gt A A& A FHFol ule} o=
Av e g5 e BAo] 2p2 tpar] g $-27t
A KAEE 123t N2 HES MRS
e AL & Aol ol

Fd e oldd AT £ 2 WRE LBy RES
ol oj3le] o] Fof Hovt ZEo A= Bk
f) BB FEE PAsty gol] MEH Yk &
3] Aol MW TFRERNKS AFSIY & 257
o] fEmpe]l A= MBS BUWKE KExY +
Qe wHYE e £ &34 HoEFAAM R
Kb ARPHRE St THol 4%
Hike] BBOE x=33a k. Pendrys'e o}
2BEV ANMEZRLS §74] BRREYS MR
% MR odtd B8 & ¢ Ao 2aodge
], Elgi £27% Acetobecterium woodisol <5t
tetrachloromethane£ dichloromethane &2 %
BAE & e HES BABRAYL 2astn Q)
=3

EWS )3 FRWRE BRE3s 3]
T E 9y ohe g AMEA A1 v x K
g g P44 € F Aok d57) gl 94
oz w3ke = JEE 1 9+ immobilized bio-
catalysts& FAsHAl =¥ & {bRHe) g
A EHST e Ae) o1 ASste i
o] AL8T 4 AolA 2 FHA} o) FPHD
At

Immobilized biocatalysts@t= T2 BEil 8
o 22 dod #EE HAAY F2 BHEL
Fix Y BE HMEE R MERmEE A
S5 Folr}, o] B 1t A WEoR B
#He oA ed 19713 v)=e New Hampshireol

A U A1y ERRXTEamIOM Mo
ezt mektpo) BB o HIRE Kl AA
U EL ojd REE M EIAAN, 289
MR EES X0k 3t X ol ES KMt H#l
Moz AT 4 Ae AE immobilized bio-
catalysts ) 2} sE# ¥ 6} 3ot

o] immobilized biocatalystst MANBEFEM AR
grolul e EMBETFE §H3le SHMERER
oAU X8 gAMENRE FAE F Itk =
A BElt Mile Gt 3 Rl EE g
3] B3% ol ol2717A d#rtal BFHew
AH2-g 4 gtk ojEbA o)2] ¥ immobilized bio-
catalysts& ol &3l Hokx tisie, 1L&ly
MR o 1897 % 3t = EARRE
BEA ERNLE RMEtY AMR3ted &
FESVog olgsim Yon E TS BWAE
WS EOSE At 223 AANETR
201} energy HESEO] BPAsA ol 45 3
A},

Immobilized biocatalysts& %St Hike
oA7tA 9lev 2 Fag AL RIEA 2%}
A, AA, pEMOZ WK  onEs & A
U EHAS st YU B sl carrier
ol kol BRE #AANE HEol dx,
EA, 271 o139 1tBm BHeEE 71X RS A
£5te] nAZo] il BXE cross-linkingA]
e HETel on, A, £iEBtt A2 @ &
FHell entrappingAlF1 AV #E:8MWol en-
closing A 7= H&ES" Fo] Ut}

Borchardt'” & #4EWS BEELAIA HMES
REo] THRBAE THEMNOZ EEI 2L 11
.00, Jacks} Zajic™® 7} Ghose ¥ Tyagi” &
WS A A BEAAA L kel KK
#E %2 %) o0 AA3T bioreactord TE
o Mo E SFSEL BMAND & A= TS
743 vk gl

o] 9} zro] immobilized biocatalysts®] 7§2ol}
whel BERREWH IV N B Tl A
Uo s dfavt 33 59 RKithes aBAA
PO F 2 ARSI AU, G2E Bl BHETE
X vt E FEREYEOIY NE BRESE U
T o]&% 4 Ut

—121—



wetx] & A7 Axgo] Y3 b e miE
BRES BHAVSD £ SRMKE K%
Aete] Alg-o] Ha)sl, KE3I EMMO R &
HE 4 = {EHS immobilized biocatalysts&
BAEESl?) 1% —do) HEES AgstA HU.
A 2 FEA FHLHY ARE A
A % BREEYS] T8 44 ¥
AE A4 B YAl FAHAE ¥ = &
heol Hkel HI glo] 2 Mevt 4R g &
B LA o= B Wisl Ripmn
T2 4F vAEY HAM7E Ho 1 x99 @
o del FHol HiL U}, o3 M Rk
o] MRS BR%3IT £ 0|58 7l sl
AlA dAEE At dxolde a8
€ F Us e 2o} 2y grlNE ¢4 o
2 FAAY @B RE Y43 &L HAE
A% 71297 E dAsHch Ethanol®l 4w
& 2717 $sted Bint ethanol kY B RS
B % 1tAl 7]+ immobilized biocatalysts& #)Z3}
o olFE FrIT BEFHUAM glucoseo whF
ethanol MEFEH & KHd & A1 2717 &8
& AHE AUl Rostaz ot

I. &8 L B

1. BEES| IR

2 7o ALE Y AR E MRt ethancol MEE
W Saccharomyces cerevisiae NFRI 408 A%
" B.Z84) %] (yveast extract 5.0g, malt extract 5.0
8. glucase 15g, KH,PO, 2.5g, difco agar 10g/
1,000ml) & ARE3l] 121CAAM 2083 Al
2 slantol] Z 3} 30Tl A 3Y 2 vl gt 4C
AA HESIACE o] A& Yoot} B EL A
Bf 2] 10mlE 100ml AztSet2=6 Y1 o 7]
HE 38k 30CAlA 24212 120rpme 2 X ehuf g
o] Bl FARZ AFE-3IH T oluf w2 o) B
B = 4 10°cell/mlo] T}

2. Acrylamide2] &0 2(8} Immobilized
Biocatalysts 84i&

Polyacrylamide geld] 9§ EEfbize RS

271 B3k W7 Yamamoto® ] WS iz

HE A A A z3tg ).

AA HufdFd AR E 5000 xGAA 1087
A EE st GRAFHE I o] F§ aw 10
g 40mlo] FFHol Heslo] acrylamide 7.5g
2} N,N methylen bis-acrylamide(BIS) 400mg<
Hobeled G AZT o] EfFAe] 5% p-dim-
ethylamino propionitrile(DMAPN) 5ml#} 1%
K:S:0s 5SmlE 718t 35ColAM 3082 BEAR M
£ AAHH.

ojgA Fol Eud Aol 3 geld
Al Hil o] RS HGE bead HEE RE] A
Aol AlFHst 4CoM B2 o)A
ANzxd SRFAe EHo2 Hikel F3] U4A
st HFstvlzh Helsio), oo Hies ARRS
acrylamide= acetone .2 A ZAAHAIAH AFR3IY
=3

3. Magnetic immobilized Biocatalysts Sig
Munro§*'e] B g el ost, FRFH
10g€ 30mle] FFFol dGA 7| o9 4%
(w/v) calcium alginate-& 9 20mlE A4 2% A
AoHM EF3AE A7lol KFS =U)7F 50
pg B3t} &L magnetic powder 0.4gS H 73R
T}, o] d e} th§ ) 22 non-magnetic imm-
obilized yeastE A Z3}7] 93l mAA o}H A+
d(HeolE) S 22 42 Holstd o] Edg
HE 30TCAM BESNEA FslFA S ol &
3o 0.05M calcium chloride &9 &0 13138] &
of wa]H bead”} A4 Erl ol & A7 FoF ¥
23 T2 0.02M -calcium chloride £9 ol A
BEY

4. Ethanol FR&¥

¥ A4EE Artx el ofdle maaEM
immobilized biocatalystsE AZ T ZH-$ o]59
ethano! BEEAEI o] native yeast®} vl slo] of
L AERJAE 2AE] dgeldr] MEd, &R
o] ethanol A 2tol] G2 glucoseES HEE AL
sttt

10mM 9] calcium chloride& o5 (.25M9]
glucose &AL 5] o] 7] 4& 100mlel yea-
st extract 0.1g, malt extract 0.1g& Ar}std

—122-



st o] wigTlel ARt 10g0] HE
5 bead ¥& A3t 30TAM ZAEAA

5. Ethanol Bl

Ethanol& 1/8%1&2] 100cm porapack Q co-
lumne] ##3 Varian 3700 Gas Chromatograph
£ AHEEd ZA s

¥ 1mle 2.5% m-HPO; &9 1mlE 73t
108 A SE AYE 3 1 35 5uE
syringe2 FY3HGr}t. o] AgE 1109 1m
columng %3t flame ionization eletector®
&2 €079 ol carrier gas2 N, 40mi/ming

Arg-ah e,
I. &% X S

1. Immebilized Biocatalysts2| Ethanol AR
BEaED
Immobilized biocatalysts ] #g o] &3t
EHE BN A s A9 1 Fd 8
o] BMibBay kel EA7F Aot felvt AMEst
= B M iRV 2 dEHe A BT
fgoll A ALg-dte 71A AR HE AU X
2 Tt BKo BASHY AL 4 A7) A&
o), o]# 79 immobilized biocatalysts& A}& 3}
WS AMEE F OhA EmlRSEH7) 7 oA Bk
o]} gl 71 2o o] By kSR % imm-
obilized biocatalysts®] FEIMREF A7 €
F A A€ 27 5le magneticE AL carrier 2
o] &3} immobilized biocatalysts& B85 % 1%
A =3kt
10mM 9] calcium chloride @462 (0,25M9]
glucose &4 & TE] o] AL 7| E 34 native
yeast9} immobilized yeastE 2 EA)ZATE o]
bead9) Z7)E ImmAER A 5w 3L 7
A4 100mlol 10g°] HEE 21 F& 239y
o} wiAlZr B2 AAE ethanol¥E gas chr-
omatograph2 &3 3 A< Fig. 13 gt
WS 1A immobilized yeast 32 &&=
2% A9 H$=8A 0.1MA =2 ethanol 2 A4t
st o] dFEAe} HAE wel e ugR
FEE22 Z7MeMch 2 4R ZA St
39 ethanol®] AAYEE SAINEHE 1L A3t

o} 3 A 35 U}t Native yeast 2} Immobilzed
yeastZte] x}o]& R native yeast7} imm-
obilized yeast .t} U A A ethanole] A o)
2ton, B3 acrylamide®E &l gdtd B
b€ BT HFE 2~4A] 7] 0.1molF = Aol 7}
9)t}. magnetic immobilized$} non-magnetic
immbilized 73-$X% native yeast Bt} 0.05M H %
4§ %5 o] Ytk 218y magnetic® non-mag-
neticZtoll& zol7t A9l gllew o2 pol-
yacrylamide ® 8.0+ E 9o}

Acrylamide®] B4 3t AR & entrap-
ping AN AE 3% & el 3t ny3a A
B} Lo ethanolWER A st o
< Ao 2 ¥}, & BHU acrylamide s} 32
wE 2 BAEER] ©lsto entrapping® o
1 polyacrylamide gel®l {c8ughbsR™ & Fig.
2%} 2}

0.4f /‘\

e
)
)

e
)
-

=]
—
T

® Native yeast

0 Non-magnetic immobilized
= Magnetic immobilized

» Poly acrylamide immobilized

Ethanol Concentration(M)

L " i A —

1 2 3 4 5
Incubation time (H)

Fig. 1. Conversion of 0.25M of glucose by native
and immobilized yeasts.

The native and immobilized Saccharomyces cerevisiae
cells were incubated with 0.25M of glucose in 10
mM CaCl,

The amount of veast employed throughout cor-
responded to 10g of native yeast cells per 100ml of
0.25% of glucose. The ethanol concentration was
analyzed as described in the text by gas chr-
omatograph.
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Fig. 2. Chemical formula of polyacrylamide gel.
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Fig. 3. Long-term operational stability of imm-
obilized yeast without activation.

50g of immobilized yeasts were incubated at 30° C
in the water bath 0.5M glucose in 0.01M CaCl,

e Magnetic Immobilized Yeast

® Non-magnetic Immobilized Yeast

4 Polyacrylamide Immobilized Yeast
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Fig. 4. Long-term operational stability of immobi-
lized yeast with activaiton.

50g of immobilized yeasts were activated by inc-
ubating with 500ml of the nutrient media contained
0.5% of yeast extract, 0.05% of NHH,O, and 0.
005%6 of MgSO, 7H,0 in 0.005M of CaCl; at 30° C.

o Magnetic Immobilized Yeast

o Non-magnetic Immobilized Yeast

a Polyacrylamide Immobilized Yeast
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Talbe 1. Activation of manetic immobilized and non-magnetic immobilized Saccharomyces cerevisiae cells

Magnetic immobilized yeast

Non-magnetic immobilized yeast

- Activity Activity
Cells/Bead (nMol/min/bead) Celis/Bead (nMol/min/bead)
Before - (2.9+0.25)x10°  0.19£0.02  (2.0£0.27)x 10°  0.1%0.01
Aft
actiration (1.3%0.03) x107  33.9£0.13  (1.4£0.02) x107  31.0£0.18

st By A3} ol B3l 44.88) 7}
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