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3447 fAEA T HT Azt 83%, FTHsbee] 76%Ach Space time yield® 782 g/L/d(EE 596
mmol/L/d) ¢] & 3t-& Al o2 %2 space time yield 3 LEFH 22 27 FE EauE7)Y
ARole} shAch AAHFSA] 2AEA FE4 9 retention coefficients HFH o= 87%, L 91%°1H 1, resi-
dence time HFHo2 147 ASE FAHAL} ZALFGEHY turn over numbere 85002 doiiich
ARA o2 2EAMYYH S AHEEHA] obe A Fo FolA ket NAD*H]Jl£ Aol o) sked oF 10,000
WE Fo, AstEUE A Al S48 FP £ FAACAY 2EL ¥EFEAE A stk

Abstract—L-leucine was produced from a-ketoisocaproate in a hollow fiber enzyme reactor, where leucine
dehydrogenase(L-leucine: NADH oxidoreductase, EC1.4.1.9), formate dehydrogenase(formate: NAD* oxido-
reductase, EC1.2.1.2), and NAD" covalently bound to water-soluble dextran(dextran-NAD*) were used as
the catalytic enzyme, coenzyme regeneration enzyme, and enlarged coenzyme, respectively. The continuous-
production of L-leucine in a hollow fiber enzyme reactor for 34 hrs resulted in a space-time yield of 78.2 g/1./d
(or 596 mmol/L/d) with a mean substrate conversion of 76%. After 34 hrs, the reaction did not continue
due to loss of enzyme activity. The turnover number of cofactor-ratio of moles of product to moles of NAD(H)-
exceeded 8,500. The cofactor regeneration scheme for NADH had been successful to the extent that cofactor
cost was no longer dominant in the L-leucine production.
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A A 8L AF7A & F 7HA] EA(glucose oxi-
dase, catalase) 2 A)gtEe] sty 2 A 2 ool H=
g y-Eo] AslsEArl Ue® dle 2A4-53] 3
HelslA AHEE= a4 NAD(H)-9 714 ¢
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AN in situ ZALE AEFbgo] glojof
WEFA sl AlEApAe) ZAdAs e} 2 H AR
el Ho3 AAE ZHAT 7] dfed At e
AF-2A 2EAVE AA, AAEAAL e i e
troq} E4F AMSshs FACAME 2Ea4E oA
A9H 2 AYEHEE txalsle o} gt &, T4
< A% Z4ukg o) 9ol =E A NAPE A% A
A2 8l& AHgsfof jic), 2EA0E A AeTA
7171 A= o F 7R 8] FHe] g
AA 7L AslE 2EAE Y A|AFE regeneration
FAo| 2 FHlAE REAE W] Wl Al FolglAl
3= retention o]t}
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Ho| Agdsla 7t a0} 3} F-A|of| turn over number
(TON: mol product formed/mol cofactor present in
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9 NAD~ % pyridinium 32]¢9] #(F4r)t B &
Aol o9 F& $1x A9 4 (regioselectivity) & 87
a}7) wgol #4o] & Zf 2 (active NAD') ) A
AL HeAE =& oA AdAdE kA S AR
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Fig. 1. Schematic representation of the continuous reac-
tion system of leucine and formate dehydrogenase
with recycling of dextran-NAD".
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Fig. 2. Schematic diagram of hollow fiber enzyme reactor
experiment.

e}, Formate dehydrogenaset= Psudomonas oxalati-
cusol A, leucine dehydrogenaset= Bacillus speciesol] A
F23 714 Sigma Chemical Company(MO., USA) oJ| 4
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Fig. 3. Effect of recirculation rate on membrane permea-
bility(no enzymes, 100 mmol/L sodium c«-ketoiso-
caproate, 1 mol/L ammonium formate, and 100
umol/L dextran-NAD").
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Fig. 4. Effect of recirculation rate on membrane retention
coefficient of dextran-NAD™(no enzymes, 100 mmol
/L sodium a-ketoisocaproate, 1 mol/L ammonium
formate, and 100 umol/L dextran-NAD ™).
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Fig. 5. Effect of coenzyme concentration on membrane
permeability(no enzymes, 100 mmol/L, sodium a-
ketoisocaproate, 1 mol/1. ammonium formate, and
recirculation rate 30 mL/min).
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Fig. 6. Effect of coenzyme concentration on membrane re-
tention coefficient of dextran-NAD*(no enzymes,
100 mmol/L. sodium «o-ketoisocaproate, 1 mol/L
ammonium formate, and 30 mL/min recirculation
rate).
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F7ksted FAlgte] A el
HAE7] o Folrh, 22]=F dextran-
FAges "ol e Hx

=4 3= Aol $=l8

gelZ-2o} A7}
pore®| 7|7}
NAD* ¢} retention% =H
Zol 2REALGEAY RS
sarh

HAE2H 2R, dextran-NAD" 9] 5o otE S34%
AT E M2 ASEE FAe Jehddcek 2
2uE gk5ed qigt R, WAl sS 27) Yste] A
%3k dextran-NAD* 5% & AA = o) Fasloic)
Dextran-NAD " 9] F%7} 10 umole| 4] 100 pmol® %
78t & w el Al e 2A A=Y 100 pmol o) 4
Ao A Adeel A wie uleEsich EFe
TONS 7] Yslies HEEeld ZEAFEH Y

E A FA &k 322 100 umole] H33 Fr g
=gl o o] FEol A apparent permeability2] 7t
= 10 mL/min/cmHg& #-28}od z4dol] HGg sloz
viebytet

off Fl

3-3. Dextran-NAD* 2} Elution loss.
AL g7 el =

}\El'ﬂ
35

o2 §73

HWAHAK KONGHAK Vol. 30, No. 2, April, 1992



258 ol
1.
0.84
* 3
Q.61
3 Dextran-NAD
3 Kelu=1.4%/hr
0.4
. Free NAD
o. 4
Kelu=57.5%/hr
) a 8 12 16 20 24
TIME (h)

Fig. 7. Elution of NAD™ and dextran-NAD~ across mem-
brane in a continuously operated hollow fiber reac-
tor(residence time: 1.6 hr, no enzymes, 100 mmol
/L sodium a-ketoisocaproate, 1 mol/L ammonium
formate, 100 pmol/L dextran-NAD™ or 100 umol
/L NAD*, 30 mL/min recirculation rate).
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ZEA(FEA) Y FEo|th
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mean residence time toll % 2]&3}1 glth 7} 3o}
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satge 30 235 19924 43
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Table 1. Continuous enzymatic reaction conditions

Components Conditions

Initial conditions

Substrate mixture
Sodium a-ketoisocaproate 100 mmol/L

Ammonium formate 1 mol/L

Dextran-NAD* 100 umol/L
Enzymes

FDH 5 unit/mL

LeuDH 5 unit/mL

Feed substrate solution
Sodium a-ketoisocaproate 30 mmol/L

Ammonium formate 0.3 mol/L
Other conditions

pH 8

Temperature 25C

Working volume 25mL

Residence time about 1 hr

roate, 1 mol/L. ammonium formate, 100 umol/L dex-
tran-NAD™* (or 100 umol NAD™"). 2] E-=}gke] <k 600
A ql free NAD* & #8521 10,0008] AP 22 re-
tentiond}3] & = free NAD™ 9] K., 3t 57.5%/hr2 4]
6417} Folli= 2 Aoju)7) BRG] Wlo] 2E A= A9
ZA)s1A ¢dgiet whdde] F-AFEF 40,0009 dextran-
NAD g 3 Ezlek 10,0008] Ao 2 retentiondtd
S w Ku 3ol 14%/hrE4 2417 Folx ub-g-7]

Wl 60% o)A dextran-NAD* 7} 2l 224 NAD*
S B3| AT N EAV) HEHoZ ub
571 el fA9e o4 7 Ut

3-4. L-leucine A4t
% HAA FDH, LeuDH®} ZAAF%A dextran-
NAD*7} 28 g dabol 232 Ed A A 3o]
7o) glo] 2AAE A& o2 AMgsly, A AstEA
uh-go] W 42 2P qlc) APZR7L Table 144
viel} Qi) Fig 88 A1 7tel] ah& 348 vephligich
B HESE i 34417 FRA A, F 3 K 3tge] 83
%, B AzHgol 76% ) 3447 o] Fell= kgl
228 asig FAEh whge] FX®E olfE
ooty 7] $]&to] ko) Fx|E o|Fe ukg7lel free
NAD*¢ o Fof B3l Z2ELE Yoli Feolx
o] 8] uh-go] U] ¢ ARE m|Fo] Hbgol
FA9 AL 2AAFEA 9 retentione] B3
ZEALAFEAY BAe] delxAr} ehzt FDHS}
LeuDHS] 5 717 545 F 3} v+ & 259 &
&

Ae] "ol F A BaEo] Foll FaHo|A uhgeo]
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Fig. 8. Time dependence of L-leucine production in a hol-
low fiber enzyme reactor(conditions shown in Ta-
ble 1).
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Fig. 9. Time dependence of retention coefficient of dex-
tran-NAD™ in a hollow fiber enzyme reactor(con-
ditions shown in Table 1).
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Fig. 10. Development of dextran-NAD™ turnover number
(conditions shown in Table 1).
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Fig. 11. Logarithmic plot of NAD* cost per kilogram of
L-leucine with the NAD* turnover number.
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